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RFPORT FROM THF CBNTRAL HOSPITAL DFPARTVENT OF SLRCFRY (HARRY
BROCAS M 0) HIORRING AND TIIF UNIVERSITY INSTITUTE OF PATHOLOCT
CAL ANATOMY (2 ENCELBRETI HOLM WD) COPEAIICEY

PLASVIOCY TIC NANTHOGR A\DZULOMA

By

Hirry Brocks md Vecco I sheLi D
Recenved 20§61

The lipidoses make up an extremels variegated group genetically as
wdll as chineally A rough classification 1s based mawnly on the nature
of the hmds

A sub group the xanthomatoses 1s characterised by an accumula
tion of cholestero! and 1ts esters n differcnt tissues Their elassification
varies somewhat and 15 still marked by some uncertaints The one used
by Lavernagh (1906) 1s as follows

1y \anth matosis assoctated with raised serum Iy wds
a Fssential hypercholesterolaemic xanthomatosis
b Symptomatic hy percholesterolaemic xanthomatosis
< Pssential hyperhy aem ¢ xanthomatosis
d Symptomatic by erlipgemic xanthomatosis
\anthomatusis with essentrally normal serum hipds
4 Hand Schuller Clinstisn disese

1 esmoy hilic granuloma

Tettercr Siwe discase
b Toecal xanthomatous conditions of reactive tve

In other words a number of widely dufferent diseases whose common
(mtturv 1 accumulation of cholesterol but even this 1s not alwass pre
sen

The classical triad of Hand Schuller Christian s disease cranal de
feets exop hthalmos and diabetes wmspidus often oceurs 1o an ailment
Which compnises aj art from other localisations other phases such as
Letterer Siwe disease and cosinoj hilic granuloma Letterer € o

cireumscent
leucocrtes
tissu

1 oac



2

from the xanthomatosis found in Hand-Schuller-Christian’s disease
Nevertheless, they are interpreted as different phases of the same basie
disease  Transttional forms between the different phases have been
encountered Wallgren (1940) found accumulation of chelesterol
reticulum cells 1n Letterer-Stwe’s disease which he conwidered an imtial
stage of rapid course, generally fatal before xanthomatous reticulosss
had time to manifest itself Losmophihe granuloma was originally
mterpreted as a disease sut generis (Lichtensten & Jaffe 1940), but
very soon 1t was suggested that it might be closely related to Hand
Schuller Christinn’s disease (Farber, Green & Farber 1942, Ahlstrom &
Welin 1943)

Finally, i 1944, 1t was established by Irgelbreth-Holm, Tedum &
Christensen that the disease was a phase of Hand Schuller-Chrishian’s
disease These authors had found the histological course to be n four
phases

A hy perplastic, proliferative, reticulo-lustiocy tic phase

2 A granulomatous phase charactertsed by cosinophihic cells, maero
phages, and giant cells

3 A xanthomatous phase

4 A phasc of fihrous healing

Transitional forms between Letterer-Siwe’s disease, cosmophilie gra
nuloma, and Hand-Schuller-Christian’s discase have subsequently been
reported by Beshow (1946), Berg (1946), Barlels (1947), and Poul
Byerre Hansen (1949)

While Hand-Schuller-Christian’s discase 1 all ats phases 15 chmeally
and pathologically rather well known, another, more common form of
xanthomatosis, xantho granuloma, 1s still Little hnown and a rather
vague conception

Oberling (1935) was the first to call attention to this disease He
published three cases observed by humself, supplemented by three from
the hiterature, presumabiy of the same nature The disease was locahsed
to the “retroperitoneal space’, and showed a rather varicd clmical
course In some cases it appeared as 1 benign, well-circumseribed lesion,
1n others as an invasive tumour with a tcndencey to local recurrence and
mctastasizing to varous organs (Inver, lungs, heart, and serous mem-
branes) The tissue was extremely varied Its consistency was firm or
soft, and the cut surface would be characterised chiefly by suiphur
yellow patches and strands of cholestero! deposits The microscopac
appearance was also motley There woukd be cellular and vasculir
arcas, 1 some cases furly uniform, suggestive of sarcoma, and n
others more lihe a chronie or subacute inflammation wath infiltrations
of 1ymphocy tes, lustiocytes, plasma cells, giant cells of the mydeplaque
type, polymorphonuclear leucocyfes, and foam cells The “nflimm-
tory” areas showed transitions to acclluin and avascular strands looh-
1ng most of all hike cicatnicial tissue Neerosis was rare and cosmophafic
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cells were scattered and sparse The hterature from 19335 10 1937 con
tains only 12 cases of thts disease (ef Table 1) all of wluch appear to
have been related to “ihe 1etroperitoneal space” Secondary deposits
other organs hase been found n four cases The ease reporicd below
has certam features in common with Oberhing’s santhogranuloma Al
though it differs 1 several respects, chnically as well as hnstologieally

CASF RFPORT

The patient was a woman, 1gred 70, who had never heen serously I There was
no family Instory of discases resembhing the one to be desersbed Vlav 2 1951 she
had been admitted to a medical ward (Hjorring Central Hospital case rec 78251)
with swelling and tenderncss of the cervieal Ivmph nodes Three or four years pre
vicusly she had suffcred from an acute febrile condition diagnosed as epidemic
parotitis A swelling persisted on the right side of the nech and remamed un
changed until 3 or 4 months prior to admission when it started growing steadilh
in size and firmness This was accompanied by pan radiating towards the naht
ear and some swelling on the right <ide of the nech During the 3 weeks prior Uy
admission the paticnt had suffered from a cold i the head with rhinitis and cough
and felt vers tired Mo might sweats itehing cardiae or pulmonary symptoms

On admussion there Was moderate tanderness and enlargement of both submaxl
larv glands, especially the right one, and of the right parotid gland The consistency
was hard as stone and the surface rough shghtly nodular The shin was movable
agamst the underiving structures and there was no swelling of the lacrimal glands
A shight enlarpement of the axillary Ivmph nodes was found A few davy later it
had been recorded that the tongue was moist naked with shight papillary atrophy
Tissures 1n both corners of the mouth Fnlargement of both parotid glands and
large firm Ivmph nodes in both submaxillary rcglons imong the results of other
tests 1t may be mcntioned that the Hb level on admission was 76 per cent yvarying
up to 87 per cent and on discharge 66 per cent The TSI fluctuated from 94 on
admtission to 61 about § wechs later On discharge 1t was 91 The blood pressure
on admission was 165/95 decreasing to 13%/80 on discharge The red blood count
was 42 million on admission and evenlv dechined to 32 mill on discharge The
white count was 4 300 on admission steadily inereasing to 8 800 and then full some
what The colour mndex fluctuated from 092 to 105 being 099 on discharge Dif
ferential count on admission showed rod shapes and segm neatrophils to be 5%
per cent ncreasing to 77 per cent on discharge 1 osmophils were 4 per cent on
admission one week later 14 per cent and on discharge 3 per cent having fluctuated
between 2 14 per cent The Iymphoevte count varied from 18 to 34 per cent Mono
cytes also fluctuated ~omewhat from § per cent on admissun to 2 per cent on
dhischarge Occasionally a plasma cell was found in the blood Wassermann reaction
negatine | CG showed no abnormalities  Mantoux (1/10 mg) gave a reaction
measoring 10 X 9 mm Gastric lavage did not show growth of aad fast rods The
urtne did not contain protein or sugar Chest radiography revealed a few ealeific
patches as large as peas wn the tight central field In addition lightly increased
lung marhings and shgt blurrngs basally op the left Sinus and diaphragm free
Duagnasts  Calefications infiltrations of left luna (seq?) Repeated N oravs 12 davs
later no longer showed dcfimute changes 1n the area on a laved wath the eardiax apes
apart from shight!y ancrcased partialls tranaerse stiands Diagnoss o defimite
abnormalts A Jater X rav amvestigation (on May 21) anduding a lateral fim
~hawed a trace of enlargcd Ivmph nodes in the hilar regions

Sternal aspiration on Mas 17 showed the followmg distributron Segfntal 22
per cent rod shapes 8 per cont metamyvclocytes 26 per cent myelocstes 8 per cent

ostnephluls 1 2 per cent Ivmphaestes 12 per cent plasma
;

pramsclocstes 5 per cent
cells 1 per cent orthochrcmatie 6 per cent polvchramatic 5 per cent bascphils

per cent reticulum cclls 2 per cent Conclusion  Shght myeloid hyperplasia of a
type Wil e that scen 1nnfections 1 Gormseny

On May 8 the right submaxllan gland was removed Tt was the size of a walnut
and very firm The patient was troated with streptomyem and T'AS hut this mediea
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Licn had to he ahandoned after a little more than 3 weeks hecause of nausea She
2los had 2 \ 2y treatments and was feeling well on discharge Antistreptolysin
Reactions for tatoplasmnsis and histoplasmovis wete pegative s’rrd m;mc

stre 1400-5a% After diseharge the FA R and anhistreptolivsin titre rema ned some-
What clerated Repeated examination of the sternal marrow on Aug s
shased the following mielocstes § per tent metamyeloeytey 11 per r:n X

shapes 202/3 per cent segmental 1013 per cent eosinaphilic m\t\nn\r 13 1;77
cent easinophilic lencocyles 5 Der cent lvmphocstes 17 13 per cent. plasma ;:;] s
313 per tent retienlum cells 23 por cent, shadow cells 7 per cen? hasophilic

lasts 323 per cent polveh 113 per cont orthochromic 323 per cent

Conclusion  Sternal aspirate with slight eosinophilia and some Jeft shift of the
granulocytes {Eskelund)

The tissue from the submaxillary region measured, after fixation,
3% 2 X 3 cm The surface and cut surface were white and the consis-
teney firm

Microscopie examnation showed a sohd, very polymorphous tissue,
1n some places sharply demarcated from the submatlary gland, while
n other places 1t infntrated the glandular Yissue wathout destroding st
In the marginal zone the tissue was cellular, consisting predominantly
of histiecy tie cells with round or oval nucles, fairly rich in chromatin
and untform in size The nucteoh were small The cell borders were very
blurred and the cytoplasm was pale and shghtly cosinophilic with dih-
cate fibrils (Fig 1) Interspersed between these cells there was a cer-
tamr number of plasma cells and some lymphocyies, Iying singly or in
clusters The tssue was vascular, the vessels being maimnly of eamliany
aature There was afso an ample, delicate network of reticulin and
a more sparse accumulahion of collagen fibrls (Fig 2} In the denser
Iymphotic mfiltrations the reticulin was sparse In the more central
areas of the infiltrating tissue, the picture was more saned In some
places the fissue was rather loose, made up of histiocytes, generalls
larger than in the marginal zone Their nueler were round or oval, larger
and more varied than the nucler of the cells 1n the margmal zone The
c‘clls were rounded, polygonal, or spindle-shaned, formung ill-defined

lasm was ample, pate,

n some places deli-

s wUmuennd n many places Here

and there the eells were rather seattered The nucler contamed less
chirematin than {he nueler m the marginal zone and often they were
Vacuolated Some cells had iwo nucler {Fig 3} The nuclear mcr;thnc

“as dishinet and there was one or fwe pucleolr The vessels were not
as dense as in the marginal zone They were ynmature, of low diffecen
‘ation, olten merels endothelial tubes There was an ample network
of delicate reticulin fibres, often framing individual eells whase lo-
Masm was argentophilie Only a few collagen fibrils were present
X Fm‘m these farrhy unmiform areas, there was 3 tranes av ¢
anal amen -

o - .
LA "
v emie present i dense clustess The
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cells were scattered and sparse The hterature from 1935 fo 1937 con-
tains only 12 eascs of this disease (cf Table 1) all of which appear to
hase been related to “the 1ctroperitonenl space™ Secondary deposits m
other organs have been found m four cases The ease reported below
has certam fcatures in common with Oberling’s xanthogranuloma, al-
though 1t differs mn several respeets, clinically 1 well as hiustologieally

CASF RFPORT

The patient was a woman agred 70 who had never been serously 11l There was
no family history of diseases rescmbling the one to be described May 2 1951 she
had been admtted to a medscal ward (Hjerring Central Hospital case rec 78231)
with swelling and tendcrness of the cervical vmph nodes Three or four years pre-
vioushy she had suffered from an acute febrile condition diagnosed as epidemie
parotiis A swdlling persisted on the right side of the nech and remained un
changed unt:l 3 or 4 months prior to admission when it started growing steadily
1 siz¢ and firmness This was accompansed by pun radiating towards the right
car and some swelling on the right side of the nech During the 3 weehs prior to
admission the patient had suffered from a cold in the head with rhimitis and cough
and felt very tired No night sweats 1tehing cardiac or pulmonary symptoms

On admission there was moderate tenderness and enlargement of hoth submaxil
lary glands especially the right one and of the vight parotid gland The consistency
was hard as stone and the surface rough shghtly nodular The skin was movable
against the underlying structures and there was no swelling of the lacrimal glands
A shight enlargement of the axillary lymph nodes was found A few days later 1t
had been recorded that the tongue was moist naked with shght papillary atrophy
Fissures 1n both corners of the mouth Fnlargement of both parotid glands and
large, firm Ivmph nodes 1n both submaxillary regions Among the results of other
tests 1t may be mentioned that the Hb level on admission was 76 per cent varying
up to 87 per cent and on discharge 66 per cent The LS R fluctuated from 94 on
admission to 64 about 3 wechs later On discharge 1t was 91 The blood pressure
on ad was 165/95 decr g to 135/80 on discharge The red blood count
was 42 mullion on admission and cvenly dechined to 32 mill on discharge The
white count was 4300 on admission steadily 1rcrcasing to 8 800 and then fell some
what The colour index fluctuated from 092 to 105 being 098 on discharge Dif
ferential count on admission showed rod shapes and segm ncutrophils to be 53
per cent 1ncreasing to 77 per cent on discharge Iosmophils were 4 per cent on
admission one week later 14 per cent and ont discharge 3 per cent having fluctuatad
hetween 2 14 per cent The hymphcevte count varied from 18 to 34 per cent VMona
cytes also fluctuated somewhat from 9 per cent on admission to 2 per cent on
discharge Oceasionally a plasma cell was found in the blood Wassermann reaction
negatne FCG showed no abnormalities Mantoux (/10 mg) gave a reaction
measuring 10 X 9 mm Gastric lavage did not show grewth of acid fast rods The
urine did not contain protein or sugar Chest radiography revealcd a few calafie
patches as large as peas in the right central field In addition shghtls increased
lung markings and shgt blurrings basally on the left Sinus and diaphragm free
Diagnosis Caleifications infiltrations of left luny, (seq?) Hepeated \ ravs 12 dave
later no longer showed definite chanpes wn the arca on a level with the cardiax apex
apart from shightly increased partialls transverse strands Diagnosis “Na defrmit
abnormabts A later % rav 1mmcstigation (on May 21) incdluding a lateral film
showed a trace of enlarpcd lvmph nodes in the hilar regions

Sternal aspiration on May 17 showed the following distribution  Segmental 22
- nyelocsles 8 por cent

per cent rod sha )

promyclocvtes 5 S 12 ur ‘lcnl pla;m;

cells 1 per cent per cent basophils
lotd hyperplasia of a

per cent reticuh

type like that sec
On Wz 8 the right submaxillars gland was Fcmoved 1t was the size of 1 walnut

and very firm The patient was treated With streptomscin and PAS but this mediea
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plasma cells saried considerably 1n size and shape there sere rounded
oval spindle shaped and angular cells with a g yromnophilic cytaplism
Moreorer there was a number of small pyromnophilic cell fragments
The nucle: of the plasma cells varied 1 good deal in size and some of the
cells had two nucler In most of the cells the chrom in was rather coar
se of the tspical peripheral granufar arrangement but there were also
especially i small cells nucler which were of a denser structure and
without coarse granules Such cells had rather sparse cytoplasm [ re-
quently the nucle: were not excentricallv arranged and there was no
Jaranuclear vacuolation In several pluces there were plasma cells
often of angular shape m rows along the capillaries just outside the
endothehum (Fig 4) Lastlv there were in several places Russell bodies
of varying size wmong plasma cells Tvmjhoevtes were also sn jart
seattered among the plasma cells and 1n part arranged in dense clusters
In some places there were small reaction centres

The tissue also contained connectine tissue cells of varvung degree
of maturity and cellagenous fibrils partls n the form of a fairly dif
fuse snfiltration and partly as somewhat denser 11l defined strands of
varying width In these strands some of the collagenous Nibnils were
coarse and hsalimzed No major acellular fibrous 1reas were seen In
the tissue there was also a dense network of argentophil fibrils espea
ally in the 1 lasmocy tic infiltrations and among the collngenous fibnls
A somewhat smaller number of hbnils were encountered in areas where
histiocy tic cells and Ivmphocytes predominated In a few places there
were also clusters of foam cells (Fig 5) 1astly there were scattered

small clusters of granules gning a jositive 1ron reaction o lipd
staining was performed

Histological dingnosis

Salnary gland tissue with specific looking chrome wmflammatory
changes The possiihty of an inclusion disease was considered as the
histiocytes contaned m a few places rounded hodies anng up to
2 % mm in diameter Often they were surrounded by a pale zone of
somewhat varymg width

During the subscquent vears the patient was 1 good health but
the FSR and antistre tolysin titre remained somewhat rused

On June 21 1996 she was admitted to the surg cal ward because of

Fg1w ko

£9 5 Wstecsticces v m the su:mle“ar) reg on H E stain ng (28> x)
submax llary region V' Cieson st

Yy M)lsl\cl‘::;l\ 3 c;lls‘“nh reticul o_fibres Foot sty nm;I:’llll;xga(:?)7 X

s s and plasma cells easheathing capillat es H E sta niog (285
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pan m the right flank radiating mnto the back and down the night side
of the abdomen She staled that during the past scar she had been
having periodical attachs of thts nature On adnussion she was found
to be rather pale In the left suhmaxillary region there was onc firm
Iymph node, the size of a hazel nut Below the right costal border there
was a vague swelling

There was no splenomegaly and no sign of aseites IISR 132, and
BP 14080 The urme contuned no protemn or sugar, and nucroscopic
examination showed no abnormality Blood urea 42 mg per cent, 1cte-
ric mdex 4, thymol reaction negative, alkaline phosphatase 7

Blood study Hb 69 percent, RBC 31 mull , W B C 7,900, differential
count Lymphocytes 18 per cent, mycloeytes 1 per eent, cosinophilic
Itueocytes 2 per cent, monocy tes i per cent, rod shapes 7 per cent, seg-
mental 67 per cent Wasserman and gonoc reactions negatne, LCG
normal Diastase 150 (4 X ), lhiirubin —, urobihin +, +, +, (+) Ta-
kata 4+ 4+ Widal + No salmonella typhi O antigen, + paralyph
B H antigen 1in dilution 1750 No paratyphi O antig n No Brucella abor-
tus (Bang)

Pyclography revealed changes indicating 2 tumour in the night
kidney On July 4, operation was performed under Pento-Curacit - N O
anaesthesta The approach was through a rnight-sided lumbar neision
There was no difficulty tn mobilizing the hadney There was a tumour
m the central area A forceps was apphed to the pedicle, the kudnes
was removed and the pedicle higated The ureter was intcrsected rather
fow The patient made an uncompheated recovery

The kidney measured ahout 11 X 6 X 5 cm In the pelvic region, ex-
tending 1nto the lower pole, there was 1 tumour-lihe nfiitration with
a rather firm marginal zonc and a softer consistency towards the centre
In places the firm, whitish tissue showed a somewhat ycllow hue

Mieroscopical examunation showed that the tumour-hhke tissue -
filtrated the renal tissue, the pelsis and the perirenal tissue It varied
somewhat 1n appearance, and there were several varieties of cells In
some places the tissue was rather loose, consisting maunly of Iege,
irregular, often angular hustioey tie cells with a loose, finely granular
or somewhat fibrillar eytoplasm and round or oval nucler fairly poor
1 chromatin but varying considerably 1n size (F1g 6) The nucleoh were
relatinely Jarge In places, the cytoplasm contunced Ivmphoevies or
small granular inclusions In several places the cell borders were frived

Figs 5 8
Foam cells and dark histicevtes with ample reticulin Foot stamning (281 X
Tissue frem the hidnes showing histiocvtic cells  Smple reticulin Tocy

Starming (285 X)
Plasma cclls around capillarics H 1 statming (285 X)
(lusters of plasma cdls of varving shape and size

stamning (285 X)

Fig 8
Fig 6

Fig
g
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ample quantitics of hynd, i some places as dense extracellular accumu-
lations and 1n other places as histioey tie incfusions These cells were on
the whole shghtly smaller than those without & hpd content In some
of the celts the ipd was i the Torm of scattesed, rather coarse gra-
nules 1n the cytoplasm, while m others it was confluent Some of the
cells contaiming liprd looked hike plasma cells in size and shape The
nucles were most frequently excentnieally arranged but dense wn styue-
ture and rich in chromatin Furthermore, there were here and there
plasma cells whose ¢3toplasm was of a famtly yellow hue Scattered
the hisvue there were small, yellowish brown granular accumulations
guang a positne won reaction

PAS stamming showed that some of the large irregular histiocytic cells

had a reddish eytoplasm Unna Pappenheim staining revealed the reac-
fon t et -

there
Thi

found At the former operation, mfitrated the renal tissue \u!haui
having caused degencrative changes of the parenchyma There was

hyahinization of a few glomeruli, but probably pot more than normal
for the patient’s age
he histol |

hiptd staming Ieft no doubt
that ths was a ease of xanthomatosis And indeed, chemieat analysis



Figs 9-10
Fig 9 Foam cells m a stroma showing ample reticulin Foot staming (285 X)
Fig 10 Infiltration with plasma cells showing rcticnlin Foot stamming (420 X)

and blurred From these areas of fairly umiform structure there was
a gradual transition to others, with major or minor accumulations of
plasma cells In some places the plasma cells formed a kind of sheath
around the capillanes (Fig 7), while 1n other places they lay scattered
or in clusters mn the tissue They varied somewhat in size and shape,
but the nucler showed a fairly uniform chromatin content several cells
had two nucler (Fig 8) Among the clusters of the plasma cells there
was also a scattered, sparse infiltration of lymphocytes and in places
cosinophihie lencocytes In other sites the tissue was somewhat denser
with delicate or coarser collagen-fibrils In these sites, too, there were
considerable accumnlations of plasma cells and also fairly large Iymph-
ocytic infiltrations In the connectinve tissue, m several places, tymeal
foam cells lay scattered or in denser clusters Among the plasma cells
a number of Russell bodies were observed Silver staiming showed the
large irregular histiocytic cells to be shghtly argentophilie Foot stai-
ning revealed, around these cells, a coarse or dehicate network of argen

tophilic fibnls, forming mn several places a frame around the mndiidual
cells (g 6) Plasma celis might also be surrounded by reticular fibrils
(Fig 10) There scemed to be a gradual transition from the argento

philic fibrils to coarser collagen-fibrils In the Iymphotytic mfitribions,
there was only sparse reticulin Sudan-stained frozen sections showed
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primary localization n the submaxllary region does not accord with
what Oberling has reported as charactenstic of xanthogranuloma

The lesion 10 the sebmaullary gland doveloped in connection with
an acwte ilness, diagnosed as epidemic parotitis, but this 1s no proof
of an mflammatory lesion Nor does the histological appearance permit
actiological conclusions, since cdlls dernved from the histiocytic and
reticular tissue may be cncottntered m inflnmmations, as well as in
tumours W hether the disease may have heen due to a virus infection
or whether 1t 1s a ncoplastie, reticulo histioes tic affection still remamns
an open question We are affronted with the sune questions as in Hodg-
hins disease which vanes histologically from granulomatous lesions

nfl to purcly sarc 1 mftrations

Whent in 1935 Oherling published the first 6 cases of retroperitoneal
xanthogranuloma he believed that the histologteal substratum was the
same as 11 Schuller Christian’s disease In 1957 a case of retropenitoneal
xanthogranuloma, associated with viseeral eosinophilic granuloma, was
reported by W aller, Hellung & Barbosa, and the same authors also men-
tton another 8 cases from the tiferature inciuding three of Oberiing’s
cases (Table 1) In their opinion both tumours were a mamfestatron
of the same discase entits  Although the xanthogranuloma has some
features in common with Hand Schiiller Christian’s disease, 1t seems
Justified to consider st a discase s generts with a certain range of vari-
ation n the lustological picture In the present case there were further-

more a very great number of plasma cells and a high sedimentation
rate

SUMMARY

A case of plasmocytic xanthogranuloma i a 64 sear old woman 15
reporied The disease, localized to the submaxtllary gland, was treated
surgically and radiologically Six years later the right hidnes was re-
moved due to a new localization of the same disease  The histalagieal
chnges are deseribed and the relation of this disease to Oberling's
retropenitoneal xanthegranuloma rs discussed
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of the nfiltrated rcnal tissue showed a marked merease of the chole
sterol content (0185 per cent wet weght, while the normal level 15
0103 per cent) The total hipid amounted to 6 per cent of the dry weight
The lipophosphate was not mncreascd (less than 0 05 per cent) (Ana
Iysis carried out by Borge Larsen, M Sc )

The patient was dischirged about 3 weeks after admission, 10 days
after the operation, and she 1s still well

After discharge the LS R was found to be 111 mm The total lipd
n the blood was 840 mg per cent, cholesterol 165 mg per cent Apart
from a fairly marked hahsteresis, A-rays of the skeletal system showed
no abnormahty, especially no focal lesions

DISCUSSION

The present case 15 interpretable as focal xanthomatosis without cle-
vation of the cholesterol 1n the blood It differs so much, m site and
histological appearance, from Hand-Schuller Christian’s disease that 1t
can hardly bc an atypeal form of this discase It 1s worth emphasizing
particularly the extremely vaned histological picture showing transi-
tions from cellular areas with histiocy tes and reticulum cells to connee-
iive tissue of varymng density and in places of an almost creatricial cha-
racter In Hand-Schuller-Christian’s discase the tissue changes show 1
more gradual development

Histologically, the case 1s more suggestive of retroperttoneal xantho
granuloma as described by Oberling In his cases, too, there were histo-
logical changes 1n which the polymorphism 1s emphasized as strihing
Oberling considered the discase distinetly inflammatory with transition
to sarcomatous areas

As already mentioned, the present case showed cellular areas as well
as more acellular ones with ample connective tissue In some places,
the cellular arcas consisted almost exclusively of histioevtes, wiile
most areas they showed a motley mixture of histioesvtes, reticulocytes,
Iymphocytes, and plasma cells Ispecially the latter were strongly pre-
dommant in many areas, being present partly 1n clusters of varying
density and partly mn the form of sheaths around immature vessels,
mamly of capillary nature In relation to the plasma cells as well as
the reticulocy tes there was ample reticulin, frequently framng the in
dividual cells The histioey tic cells would 1n many places contain suda-
nophtlic granules In other places there was extra cellular cholcsterol
1n clusters mn the tissue In the connective tissue there were, apart from
plasma cclls and lymphocytes, clusters of foam cells, most ample m
sections from the .dney tissue

Although 1 the main the histologieal picture eorresponds to that
deseribed by Oberling, 1t differs 1n the very marked predominance of
plasma cells, which also showed much more varation 1 shape, size,
and nuclear size than usual m inflammatory Iesions Furthermore, the
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Collagenase can be distinguished from other proteoiyhic enzymes by
the fact that 1t digests native collagen al physiological temperatures and
pH Other enzymes such as pepsin or trypsin can only attack denatu-
tated collagen

Collagenase was first described as a component of the group of toxms
Viberated by varnous members of the anaerobic orgamisms which pro-
duce gas gangrene (Vacfatlene & Mac Lennan 1945} The only aclne
collagenase preparations which have been described and conlirmed are
those produced from eulture filtrates of Clostndium histolyticum and
Clostidium Welchn Under certain conditions, collagen can be ren-
dered soluble by mammalian protemnases (Grant & Alburn 1960) These
authors suggested that the rapid destruction of collagen which probably
occurs 1n s1vo 1s enzymatie Purnified preparations of collagenase have
Lieen described by Mandl, Zipper & Ferguson (1938) and by Seifler, Gal-
lop, Kletn & Vedman (1939)

Collagenase 1s assayed according to the method of Mand!, Mac Len-
nan & Howes {1953) m winch collagenase 1s mcubated for 18 hours
with natine collagen The extent of collagen breah-down 1s determined
using the photometric ninhydrin method The amino actds which are h-
berated are expressed as milliequuralents of leurine ner me anttas

me
Ae vutl woapdts 1399, tamat X Upjohn 1960) 1t has
been used n the preparation of tssues for tissue culture (Hinz

& -
fon 19,9) Syver

MATERIAL 4A\D MFTHODS
The material consisting of segments 2 1
2 from the thoracte aort. h,
basdur o b <m long b 2 and the
thoun p::’[ :w:&r:‘mhyldluh aged D-73 years was obtamed at antopsy within
ach segment was d d
il the ke Tene iy aded o bmo preces One prece was ireated with collagenase
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Collagenase can be distinguished from other proteolyhe enzymes by
the fact that 1t digests native collagen at phy stological temperatures aad
pH Other enzymes such as pepsin or trypsin can oaly attack denatu-
rated collagen

Collagenase was first described as a component of the group of toxns
Wiberated by vartous members of the anaerobic orgamisms which pro-
duce gas gangrene (Vacfarlene & Mac Lennan 1945) The enls actine
coltagenase preparations shich have been desenbed and confirmed are
those produced from culture filtrates = 7' - *

Clostndwim Welchn Under certain
dered soluble by mammahian proteina
authors suggested that the rapid destruction of collagen which probably
occurs m no 1s enzymatic Punified preparations of collagenase have

been desenbed by Mandl, Zipper & Ferguson (1938) and by Seiffer, Gal
lop, hietn & Vedman (1959)
C

15 assayed d

to the method of Vandl, Mac Len-
nar & Howes (1953) 1 which collagenase 15 mncubated for 18 hours
with native collagen The extent of collagen break down 15 determined
using the pholometric ninhydrin method The anmuno acids which are Ii-
berated are expressed as milhiequinalents of leueitte ner Mo asties -

me . . ‘

At H - w wpsurac 1g0u) 11 has
beuu used 1 the preparation of tissues for tissue culture (Hinz & Syver-
ton 1939)

MATERIAL AND MFTHODS
The matetial consisting of segments 2 em lon
g from the thoracic aorta and th
basilar artery of 10 ndividuals aged -7 b N
“;m“" o s age 3 years was obtaied at autopsy within
ach segment way divaded anto ty
AR the othen sered e o b © preces One prece was treated with collagenase
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The collagenase digestion was performed as follows The arterial specimen was
placed 1 10 ml of a 0067\ phosphate buffer solution (pH 74}, contatming G458
per cent sodium chloride Ta this were added 20 mg of collagenase (Worthington
Biocham Corp, Frechold, New Yersey) and 10 mg of chloramphemicol The solutien
was meubated at 37° C for 18 hours, after which the residuc was transferred to a
5 per cent formaldehsde salution The control was treated 1n the same way except
that the «nzvme was omitted After the fixation, some specimens were stained 1
toto m aldehvde fuchsim and cxamined under a stereamicroscope (see Hassler 1961)
Some other fixed spceimeny were examined Iy the optical sectioming technique using
a shit lamp (Brolin & Hassler 1958 Hassler 1961) After fixation, maost specrmens
were embedded n paraffin and dnided into scetions sarving in thickness from
5200 mrcrons The thick sections were stained with aldchsde-fuchsin, orcen or
resorcin fuchsin

The thun seetions were investigated by Wiren and Herberlsson who used the
following techniques®

»

silver staining ad modum 100t (Romets 1948) combined wath periodic acid-
Seluff’s staiming (PAS).

aleian blue staining combined with PAS

Hale's collowdal 1ron stamning as modilied by Vowry (195%)

Gomorr’s aldehvde fuchsin staining as modified by Fslefund (1957)
Barrnett & Schigman’s SH-stafning as modified by Bahr (1957)

tolurdine blue at pH3 and 4

hacmatoxyhin cosin

h azan

2T

R -

RICSUL TS

The collagenase preparabion dissolved all of the collagenons connee-
tive tissue and, i addition, most of the ¢yloplasm of the smooth muscle
cells, an effect which might he attnbuted to an mmpurily mn the prepara-
tion, e g contamination by some protemase or pephdase The clastic
component of the arterial wall remamed, hiowever, as did sohtary cell
nucler which lay unattached and which therefore were casily washed
free from the long elastic membranes and fibnls

The coarse anatomical structure of the clastic coat could then casily
be studied under the stercomicroscope (before embedding and see-
tionmg) and on the thick paraffin scetions after elastin staning (see
Figs 1 A-C) No difficullics were eneountered as compared with those
found m the study where traditional maceration methods were used
(Brolin & Hassler 1958}

A companson, under high power magnification, between thin sec-
tions of the elastic tissue control and of that treated with collagenase,
did not reveal any differcnce exeept i the sections myestigated wath
the SH-staiming techmque In this mstance the materidl treated with
collagenase gave a positne stamn (ef Ig 2) wlich was not speeific,
however, smee it was also obtained after wodine oxidation

DISCUSSION

The elastic hissue forms one of the most imporiant components of the
all Pathological processes tn the elastic tissue may play a

artenal w X
arteriesclerosys and i the pro-

considerable réle n the desclopment of
cess of senescence



Fagt

Arterial elastic tissue
solated wrth the aid T
rolisgenase 4 and
from human aoria
¢ the lengstrated ynter
al elast ¢ lamella of a
human cerebral artery
(Aliehyde fuchsin and
van( es n Magnifica
ton A X35 B X210
¢ X 240)

The microscopieal studs of the elastie tissue in the artertal wall 1
wsopiated wilh somte degree of uncertunts owing to the difficulis of
obt uning an effective and comy ltely selectine agent for stnming elastu
1Brolin & Nassler 1961 and many others) All the elastin stains i com
mon use have the disadvantage that they do not alwans stam all of th

2 ACTaAFatm 57 1
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‘The collagcnase digestion was performed as follows The arterial specimen was
placed 1n 10 ml of a 0067 M phosphate buffer solution (pH 74), contaming 045
per cent sodium chloride To this were added 20 mg of collagenase (Worthmgton
Biochem Corp, Frechold, New Yersey) and 10 mg of chloramphenicol The solution
was meubated at 37° G for 18 hours, after which the residue was transferred to a
5 per cent formaldehyde solution The control was treated in the same way cxeept
that the enzyme was omitted After the fixation, some specimens Were stamed in
toto in aldchyde-fuchsin and examined under a stcreomrcroseope (see Hassler 1961)
Some other fixed spceimens were esamined by the optical sectiomng technrque using
a sht lamp (Brolin & Hassler 1958 Hassler 1961)  After fixation, most specrmens
were embedded an paraffin and dividad into seetions varying n thickness from
5-200 microns The thich sections were stained with aldehyde-fuchsin, orcein or
resorcin-fuchsin

The thin scelions were wnvestigated by Wiren and Herbertsson who used the
following techmiques

a silver staining ad modum Foot (ftomers 1948) combined with periodic aord
Schiff’s staining (PAS),

alcian blue staming combined with PAS

Hale's colloidal rron staiming as madified by Vowry (1958)

Gomarr’s aldehyde-fuchsin staining as modified by Fshelund (1957)
Barrnett & Seligman’s SH staining as modificd by Bahr (1957)

tolurdine bluc at pH 3 and 4

hacmatoxylin cosin

azan

B

TR e

RESULILS

The collagenase preparation dissolved all of the collagenous connec-
tive tissuc and, i addition, most of the cytoplasm of the smooth musele
cells, an effcet which might be attributed to an ympurity m the prepara-
tion, ¢ g. confamination by some protemnase or peptidase The clastic
component of the arterial wall remamed, however, as did solifary cell
nueler which lay unattached and which therefore were easily washed
free from the long elastic membranes and fibnls

The coarse anatomieal structure of the elastic coat could then easily
be studied under the stereomicroscope (before embedding and sce-
tioning) and on the thick paraffin sections affer elastin staimng tsce
Figs 1A4-C) No difficultres were encountered as compared with those
found 1 the study where traditional maceration methods werc uscd
(Brohin & Hassler 1958)

A comparison, under high power magnification, between thin see-
tions of the clastic tissue control and of that treated with collagenase,
did not reveal any difference except i the scelions msestigated with
the SH-starmng techmque In this instance the material treatud with
collagenase gave a positive stan (cf Fig 2) which was not spectfic,
howesver, since 1 was also obtained after wdine oxidation

DISCUSSION

The elastic tissue forms one of the most important components of thc
arterial wall Pathological proccsses in the clastic tissue may play «a
considerable role m the development of artertosclerosis and 1n the pro-

cess of senescence
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elastic issues Some elastin stans m1y produce a non selcetne slamming
of the collagenous connecline fissue The resoramn-fuchsin agent fre-
quently gnes an unsatisfactory stam lo the fme clastic fibrils of the
artenal wail, although 1t always gines an excellent staia to the coarse
elastic fibres of the buman dernuis (Pearse 1960, and others) The com-
mercial oreein 1s a muxture of sever il components, some of which pro-
duce rather selectite staming of the clastic tissue while others stain the
collagen more strongly than the clastic hssue (Brolin & Hassler 1961,
and others) Accordingly, a removal of the collagenous connectine
tissue may provide a basis for a morc thorough study of the elastic
component As 1v shown 1n this mestigation, such a remozval can be
accomphished easily by means of a speaific enzyme which digests the
collagen

Previously, the elastic tissue component of the arterial wall has been
1solated by maceration with alkahi and acids However, these agents
produce considerable changes 1n the staning propertics and n the
microscoprcal appearance of the elastie tissue (Brolin & Hassler 1958)
After our collagenase treatment the only change that was found to
oceur was that a positine but non speeifie S renction was obivined It
1s doubtful whether this effect can be explained without further tnvestt-
gatton 1t has been observed, however, that artenial elastic tissue from
rabhits and rats fixed immediately after death also gnes a positine
reaction which 1s non-specific and probably due to an affimity for the
naphthelic compenent of the rengent (Barrnett 1933)

H d (1980) used collag, for a simular appheation She found
1hat collagenase was an cxcellent fool in the microdissection of kidney,
and produced less alteration of the tissues than the traditional method
of maceration with concentrated hydroehloric acid

SUMMARY

Isolation of the elastic tissue of the arterial wall 15 often destrable,

for 2 number of reasons, and maceration with alkal; or acids 15 usually
applied for this purpose

In the present mveshigation, the enzyme collagenase was found to
Mroduce an effective 1solation of the elastic component, which suffered
Yess alterntion than after treatment with acids or alkah The only change
that could be found by histochermeal examination was that a'posm\c
but non-speeafic SH reaction was obtawned after dugestuon,

RFrFERFN\CES
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kg 2
Human cerchral artery 4 Mot treated with collagcnase B After collagenase treat
ment SH <taming (Bahr « modification of Barrnett & Seligman s pracedure  «f the
clastic lamella (arrowed) 1s negative i A but 1n # a positise (non specific) reac
tion 1s obtained Magmifreation A X 300 B X 450
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OVARIAN DYSGENESIS (TURNER'S SYNDROME)
IN THE NEWBORN
Report of two Cases

By
ANDERs FRoLAND, ANE LYRKE and BEAGT ZACHAU-CHRISTIANSEN
Recened 29 62

The aim of the present publication s {o desenbe two eases of ovanan
dysgenesis (Turner’s syndrome) 1n newhorn girls In hoth cases sex-
chromatin and chromosome 1nvestigations have been carried out, in

one 1n which the patient died three weeks old, an autopsy has heen
performed

CASF HISTORIFS
1 CHF 636/61

The patient was readmitted 2 months later for further mvestigations A shin-
biopsy from the back of the foot shewed Oedema and moderate amounts of
mucopolysaccharides extending down 1nto the subeutis The sweatglands are em
bedded i fibrous tissue This and a th ckening of the conmective tissue 1n the
::ulu;mn p(;ml |r;kn rl:g(nrrzlmn of connective tissue Possibly hecause of cedema

organisation 1nbiopsy from the elh
i prsansatio P o e elbow showed normal features (sign G

The patient was last seen at the age of § months The oed

et i o v Tt oedema of the back af the
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The aim of the present publication 1s to deseribe two cases of ovarnan
drsgenesis (Turner’s syndrome) in newhorn girls In both cases sex-
chromatin and chromosome imestigations have been carried out, 1n

one m which the patient died three weechs old an autopsy has heen
performed

CASF RIS
1 CHF 686/61 rontEs
A %o days ol girl was transferred to a
paediatric hospital The mather was 21
vears old;l the time of birth of the patient the father was 33 vears The patrent
s:tnn child the older sib 15 apparently normal Pregnancy and delivery without
complications Burth weight 2850 gr length 49 cm
Chiwicalhy the patient appeared

rotation
The
hmpf\ p[‘r‘nl::'ﬂ?“ r::dmll(cd 2 months later for further investigations A skin
e pol et E(dh“ ©of the foot showed Oecdema and moderate amounts of
bedder h;r;r e: extending down into the subculis The swealglands are em
epudermis point 1y & g, TRIS 8nd a thickening of the connective tssue. 1 the
W crgams™ ;k.mr;,xneneu;mn of conncctive tissue possibly because of oedema
b A P8y from the elbow showed mormal features (sign G
The patient was Jast

1t 025 then regrensing " ™t 1€ 85¢ of 4 months The cedema of the back of the

This insestigation was ald
4 b
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Ig 1
Patient no 1 at the age of three months In spite of the chromesomal abnarmality
(42/A0) the patient appears chnieally normal except for the marked Iymphoedema
of the back of the feet

fiy 2
Patient nc 1 at the ape of three monthy LThe picture shows the 13mp hoedcma of
the back of the feet
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N

Fig 3
Patient no 2 one week old Note webbing of the neck and low set, malformed ears

2 LHG 755/61

4 two days old girl was transferred to a paediatric ward for farther ;myestigations
The mother was 27 3ears old at the time of birth of the paticnt the father 34 vears
The mother had previously had two abortions in the 6th and the 5th month of
gestation When two months had pas<ed of the last pregnancy the molher presenled
s1gns of imminent abortion and was treated with proluton (R} infections (a pro-
gesteron preparation) recenving a tatal amount of 22> grams A shight hirsutism
develcped

Delivery was normal 1 2 weeks hefore term birth weight 2960 gr length 49 om

At birth the child showed the following characterisics Malformed low set ears
welbing « f the nech (Fig 3) normal heart sounds but ne pulsation sn the femoral
l;l"{lu Shight hypertrophy of the chitoris Marhed lvmphnedema of the back of
the feet

The patient rapidly deleriorated she had frequent attaques of eyanosis and signs

{ cardiac fallure A cardiac catheterization was planned but the child died two
davs later 25 davs old

Autopsy

Fxammation of the following organs presented normal findings
pleura lungs, hronchy, h stomach, duod: the small and

Yarge ntestines rectum, Iiver, spleen, hidneys, and adrenal glands
Autopsy of the brain was not performed

Heart and large pessels the size of the heart 15 5% X 8 em The
heart presents normal conditions, with the execplion of an open for-
umen ovale, manifest as a shilihe opening, the length of which 15 6 cm
”:\nrln cutting the ascending aorta shows a cireumference of about
22 mm Just distal to the site from which the large vessels branch oft
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Fig §
Tow-poser view of a section of the left conadal region of patrent no 2 The gonad
15 seen to the left, to the night a nedule composed of suprarenal cortical tissue

to the nech and upper extrenmuties the aorta has narroned The narrow
part 1s about 1 em long and the crreumference s about 8 mm The
ductus arteriosus 15 persistent, the drameter heing about 15 em It
opens centrally mto the narrowed area Distally to the narrowing he
the circumference of the aorta 15 18 mm

Genmttals uterus, vagina and the tubes are of normal sizes and ap-
pearances accordmg to the age of patient At the site of the ovaries two
bean-shaped swellings are manifest, measurig about 5 X 3 em

Histological Evantnation

Tissue specimens removed at the sitc of the gonads are cut serially
On both sides cavities with a heavily comvoluted mucosa are demon-
strable Facing the lumcn the tissue 15 hined by columnar cilated ep-
thelium characteristic of the ulerine tubes Also a heavily convoluted
system of ducts 1s demonstrable on hoth «ides, tite walls of wlich are
composed of thick layers of concentric conneetne tissue celis and un-
striated muscle cells acing the lumen a cubowdal to low columnar,
non-cihated epithehium 1s seen arranged 1n a loose stroma of connecine
tissue, probabls representing remnants of mesonephros Features eha-
racteristic of the semuniferous tubules or signy of spermatogenesis, are

not demonstrated
A small peettiform protruston, a few mm wade, 15 demonstrable on
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ftigh power vres of the left gonad of patint no 2 Nelc the vers few
primary folhicles

the left side It 1s composed of ovaran stroma with filiform, closely-
pached, fluctuating fibnls The surfice 1 hined by a partly detached,
low, cubordal epithelium from which cell strands tn many places lead to
the stroma below The stroma 1s the site of a few primary follicles sur-
rounded by a low, cuboidal epithehum (fig 4) No Graafian follicles
are noled Some of the primary follicles contain a larger, eosinophil
cell with remnants of nueleolys much remindimg of the egg cell (fig §)
FHements reminding of Leydig cells or of “ovanan htlus cells” are not
demonstrated

Close to the ov ary 1s scen an equally large node, composed of cortreal
suprarenal tissue of normal appearance

€ ptedogieal Fnvestigations

Sex-chromalin was determined on buceal sme irs stained by the Feul-
Ken method  Both patients were chromatin negatne  Chromosome-
counts and analyses were performed on hlood and or shinbiopsies The
method used for cultivating white cells from penpheral blood was the
one deserthed by Moorhead el af (1960) with shght modifications
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Low power siew of a scetion of tie left gonadal region of patient no 2 “f(f“e
1 seen to the I, to the rieht a nodelc composcd of suprarcnal cortica

to the nceh and upper extrenuties the aorta has narrowed The n'!r’rrf;“‘
part s about 1 cm tong and the cireumference 1s about § l\r\“‘ ‘l‘l
ductus artenosus s peraistent, the diameter being about 15 cmu‘c
opens centrally into the narrowed area Distally to the nirrowing
the arcumference of the aorta 15 18 mm -
Genddals uterns, vaging and the tubes are of normal sizes anc “‘I‘;
pedrances aceording to the age of patient At the site of the ovanes
boan shaped swelhngs ate manifest, measuring about 5 X 8 ¢m

{hstolomcal Evanunation

Trssue speamens, removed at the site of the gonads are cut “‘rn(lbll:
On both sides cavities with a heavily comvoluted mucosa are dem !
strable Tacing the lumen the tissue 15 hined by columnar cﬂnicd{ C‘!:‘J
thchum characteristic of the wlerine tubes Also a heavly contot e
systam of duets 14 demonstrable on hoth sides, the walls of “h‘d[‘ “n
camposed of thick Ihzers of concentric onneetiye hssue cells and nuﬂ
stiated musde eqlly Faang the tumen a cubmdal o low wh\lll[m
non-ahated cpithchium s seen artangad i a loose stramn of cm\t\ccm
tissue, prabably Fepresenting ramnants of mesonephros Features aft
ratteristic of the semunilfcrous tubules or signs of spermalogenest™
not domonstrated

n
rable 0
v smadl pactiniform protrusion, a few mm wide, 15 demonst
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High posier view of the Ieft gonad of palient no 2 Note the vers few
primary follicles

the left side It 1s composed of ovarian stroma with fihform, closels-
pached, fluctuating fibnls The surface 1s lined by a partly detached,
low, cubotdal epithelium from which cell strands in many places lead lo
the stroma below The stroma 1s the site of a few primary follicles sur-
rounded by a low, cuboidal epithelium ifig 4) No Graafan follicles
are noted Some of the primary follicles contain a larger, eosmophil
cell with remnants of nucleolus much rerminding of the egg cell (fig 3)

Elements reminding of Leydig cells or of “ovarian hilus cells™ are not
demonstrated

Close to the ovary s scen an equally large node, composed of cortical
suprarenal tissue of normal appearance

{ytological Investigntions

Sex chromatin was deternuned on buceal smears stuned by the Feul~
Renomethod  Both patients were chromatin-negatine  Chromosome-
counts and analyses were performed on blood and or shinbiopsies The
method used for cultnating white cells from peripheral blood was the
one desenbed by Moorhead el ol (1960) with shight modifications
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The chromosomes of patient no 2 Only 45 chromosomes and presumahly onlv one
\-chromosome Shan~culture

Fibroblasts were cultured from skin biopsies and prepared for chromo-
some msyestigations by the method of Froland (1461)

Case 1 Both blood cells and fibroblasts were studied I'rom both tis-
suces 30 eells were counted The distribution of the ¢ounts 15 seen n the

table

FABIE 1
Istribution of Chromasome € ounts in Case
P L L
Blood 2 8 30
Shin 1 3 25 1 in
Total 1 5 "3 1 60

An analysis of 4 cells from each tissue with 45 cliromosome showed
only 15 chromosomes h group 6 12, el N, whereas the other groups
soc;nvd to be those of a normal female As the patient w chromin-
negatine s probable that the caryotype1s 45 (NO)

Case 2 At the tume of the «yiological investigations the pabient was
seriously all and 1t was not thought safe fo make a vempuncture nor
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bone marrow aspiration A skin biopsy was perfarmed, -’Inil 30 cells
grown in tissue culture were counted They all contalnsd 45 chr‘num-
somes Here agam it scems likely that the caryotype 15 43 (\O) Fig 6

DISCUSSION

The term Turner’s syndrome was onginally apphied to 2 syndrome
m the grown up femnle (Turner 1938), symploms ncluding short sta-
ture, weblang of the nech, cubitus salgus and primary amenorrhofa
Further it has been found that many of these patients suffer from mal-
formations of varions viscern Among the more important are the ear-
diae especially coarctation of the aorta, which often proves fatal Mal-
formations of the kidney and urelers are common, but mostly asymplo-
matic Abnormahibies of the gemitals are of course more prominent 1n
adulls, tn whom both wternal and external geritals remain mfantile
In children the uterus, tubae, and yagina are mostly normal, whereas
the clitoris may be enlarged (del Castillo et al 1937, Gordan el al 1955,
Ehrenfeld & Bromberg 1928)

The most strihing abnormality 1s seen in gonads These are long
whitish structures replicing the normal ovaries

Microscopically they consist of dense fibrous tissue like that of nor-
mal ovarian stroma with Diliform nucler and wavy fibnlls Only occa-
sionally primordial follicles are <een (Atria et al 1948, del Castillo &
Argonz 1935, Greenblall 19a8)

Cells resembling those of the testis have been described by Grum-
bach et al (1995), Epps et al 11938) and Dougherty & Thompson
(1960), who found some cells of the Leydig type Others (Guinef et al
1954,Gordan ef al 1933, Velson & Batley 1956) have described “ovanan
hulus eells *, which are presumed to have an androgenic function

Re: ts of the m ph are not unc , nar of adeenal
cartical tissue (Dougherty & Thompson 1960)

Most deseriptions of post mortem findings 1n ovarian dysgenesys are
based on obserations 1n adults or older children (Greenblatt 1958)
Paller 11961) found in a new born girl with symptoms of Turner’s syn-
drome long narrow structures at the site of the ovaries Microsconieally

very o - -
I ne b
Ma .
TalUE t s o swtie s syRdvome, osaran o gordil dysgenests
are the most common, whereas 1n continental hiterature the expression
Bonnevie-Ullnch s svndrome often 15 encountered
Ultrich (1930, 1937, 1949) collected and described several cases and
pomted out the possible relations between the lumphaoedema of the
{g:ln:rc;“\,\ohlylllng of the neck, and the findings of Bonnevie (1934) 1n
e Y muce He also showed that the elineal SIENS may vary conswder-
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Since 1954 on several workers have <hown that many patients with
Turner’s syndrome or ovaran dysgenesis were chromatin-negatie ke
normal males (Decourl of ql 1954, Polani el al 1954, Willans of al
1954) This led to the concept that a chromosomal ahnormahty might
be the cause of the syndrome, but quite erroncousls these patients were
considered to have the sex-chromosomes of the normal male, XY This
wdea was based on the expertments of Jost (1947), who showed that
carly castration of the male foetus of the rabbit led to a female feno-
type

In 1939 several workers (Ford et al 1939, I'raccaro ef al 1959, Jacobs
& Keay 1959, Trio et al 1959) on the basis of observations of untotic
cells 1n tissue culture were able to conclude that the sex-chromosomes
of these patients s nather of the normal female nor of the normal male
types The patrents have only one sea-chromosome, an X, and a total
chromosome-number of 45, instead of the normal 46

Later it has been shown that numerous varations of the chromo-
somal abnormalities 1n ovarian dysgenests exist The most mportant
of these are. chromosomal mosaicism (Ford 1960, Jacobs el al 1960,
1961), X-isochromosome-formation (Craccaro el al 1960), and deletion
of the X-chromosome lo a varying degree (Jacobs ef al 1960, de la Cha-
pelle 1962a)

Chromosomal investigations on a series of patients with Turner’s syn-
drome have been carried out especially by Jacobs el al (1960,1961) and
by de la Chapelle (1962h)

1t was hoped that the determination of the chromosome complement
n these patients would have made 1t possible to establish a chinieal and
cytological entity, but this has not as yet been the ease

Our case 1 presenfed only one “classical” feature of the syndrome
of Turner, namely the Iymphoedema of the hack of the feet Sex-chro-
matin and chiomosome determunations, however, seem to establish the
dragnosts The gonads are presumably dysgenchie ovarnes

Patient 2 exhnbited a xariety of signs of ovaran dysgenesrs Jymph-
oedentd, wehhing of the acel, malfactited cars, heart discase, and 3 el
findings m the gonads The sex-chromatin and chromosome pattern
were 1n accordance with the diagnosis

Whether the enlargement of the eliforis in this patient »s part of the
«yndrome or 1t 15 duc to the progesteron-treatment of the mother during
pregnancy (Wilkins 1960) cannot he decided as the cluld dicd shortly
after birth If the enlargement had been causcd by the hormonestreat-
ment, it would probably have regressed

As far as it 18 known to the authors a desceription of ¢hmical, patho-
logical and cytological findings 1n a newhorn cluld with ovarnn dys-
genesis has not previously been published
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SUMUWARY

A report 1s given on iwo eases of ovanan dvsgenesis (Turnet’s syn-
drome) wn newhorn girls The first had marked lvmphoedema of the
pack of the feet but no ether stigmata of the svadrome, the second ex
hibited a number of ssmptoms iz lymphoedema webhing of the nech,
fatal coarctation of lhe aorta and at autopss, streak gonads w ith abun-
dant conneetive tissue with a few pnmordial follicles Both patients
were sex chromatin negaine and thewr chromosome paltern 49 (\Q)
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Since 1954 on several workers have shown that many pahents with
Turncr's syndrome or ovarian dysgenesis were chromatin-negative like
normal males (Decourt el al 1934, Polanmt ¢f al 1954, Wilkins et al
1954) This led to the concept that a chromosomal abnormality might
be the cause of the syndrome, but quite erroncously these patients were
conswdered to have the sex-chromosomes of the normal male, XY This
idea was based on the experniments of Jost (1947), who showed that
carly castration of the male foetus of the rabint led to a female feno
type

In 1939 several workers (Ford el al 1939, I'raccaro et al 1959, Jacobs
& Keay 1959, 110 ef al 1959) on the basis of obsersations of mitohie
cells 1n tissue culture were able to conclude that the sex-chromosomes
of these patients 1s nather of the normal female nor of the normal male
types ‘The patients have only onc sex-chromosome, an X, and a total
chromosomc-number of 45, instead of the normal 46

Later 1t has been shown that numerous variations of the chromo-
somal abnormalities 1n ovarian dysgenests exist The most important
of thesc are chromosomal mosaiciem (Ford 1960, Jacobs el al 1960,
1961), N-1sochromosome formation (I'raccaro ef al 1960), and delction
of the N-chromosome to a varying degree (Jacobs et al 1960, de la Cha
pelle 1962a)

Chromosomal mestigations on a serics of patients with Turner’s syn-
drome have been earried out especilly by Jacobs ef al (1960,1961) and
by de la Chapelle (1962b)

It was hoped that the dctermunation of the chromosome complement
m these patients would have made 1t possiblc to establish a clinieal and
cytological entity, hut this has not as yet becn the case

Our case 1 presented only one “classical’ feature of the syndrome
of Turner, namely the Iymphocdema of the back of the fcet Sex-chro-
matin ind chromosome dcterminations however, seem to establish the
hagnosis The gonds arc presumably dysgenetic ovarics

Patient 2 exhubited a variely of signs of ovanan dysgenesis lymph-
oedema, webbing of the nech, malformed cars, heart disease, and typical
findings 1n the gonads The scx-chromatin and chromosome pattern
were 1n accordance with the diagnoses

Whether the enlargement of the clitoris mn thrs palient s part of the
syndrome or 1t 15 duc to the progesteron-trcatment of the mothcr during
pregnancy (Wukins 1960) cannot be decided as the child dicd shortly
after birth If the cnlargement had been causcd by the hormond treat-
ment, 1t would probably have regressed

s far as 1t 18 known to the authors a deseription of chinreal, patho
logical, and cytological findings mn a ncwhorn child with ovarian dy»s-
genests has not previoushy baen pubhished
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SUMMARY

A report 1s g1nen on iwo cases of ovanitn dysgenesis (Turner’s syn-
drome) n newhorn girls The first had marked lymphocdema of the
back of the feet, but no other stigmata of the syndrome, the second ex-
Tubiied a number of symptoms, viz hmphoedema, webbing of the neck,
fatal coarctation of the aorta and at autopsy, streak gonads with abun
dant connectire tissue with a few primordial follicles Both patients
were sex chromatin negatne and their chromosome pattern 43 (\0)
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FROM THE UNIVERSITY DFPARTMENT OF PATHOLOGY GFNFRAL HoSPITAL
VALME SWEDEN

STUDIES OF VASCULAR CHANGES IN CHRONIC
LUNG CONGESTION
2 Iymphalic Vessels

By
Gitseeee Froneral and [naa HACERSTRAND

Recenved 281162

Though the Iymphatic pathways 1n the lungs have long been hnown
(Rudbeck 1653 Viatlis 1673) (17, 19) and though changes m these
lymphatics may impair lung function, their pathology has recened
only little attention This also applies to lymphatic changes n chronic
lung congestion, m which changes in the blood vessels hase been the
subject of extensive investigations Recently, however, a few authors
have also focused interest on the pathology of the lymphaties Thus
D Arnigo (3 4) (1959, 1960) studied the lungs in mitral stenosis and
Barroso Maguel (1) (1909), lungs with secondary chromic hy pertension
of varying actiology Both deseribe a mural thickening n the form of
fibrohvalinosis of all the Iymphatic branches from the interlobular
vessels o the smallest lymphatic satellites of the arterioles and ve-
nules Heath (10) (1960) observed dilatation of the Ivmphatie vessels
m chronic pulmonary hy pertension secondary to mtiral valve discase
The significance of these changes and the role they plav 1 the actio
logv and pathogenesis of fibrosis in pulmonary congestion prompted
us to study a fawly large <eries of chromically congested hungs n detan
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RESULTS

The appearance of the lymphatics 1 our cases of chronie lung con-
gestion secondary to mutral valve disease was essentially the same as
1 the cases of lung congestion secondary to other diseases The fol-
lowing deseniption therefore apphes to both groups

The mam changes consisted of a fihrohy alinotic tluchening of vary-
g degree of the walls of the Iymph vessels Such changes were found
n 70 per cent of our series, m 15 per cent the fibrohyalnosis was fairly
advanced This fibrohyahnosis could be followed from the mtrapleural
and nterlobular branches (Figs 1-4) to the deep Iymphaties, peri-
bronchial, periarternit and perivenous (Figs 5-9) and also m walls of
Iymphatic satelhtes of small blood vesscls, arterioles, venules and ca-
pillaries, even from alvcolar ducts (Figs 10-12) The fibrohyalmotie
thickening involved the walls of the lymphatics along the surface
nearcst the blood sessels as well as the aspeet facing the respiratory
cavily and sometumes 1t appeared as if the walls of the Iymphatic ves-
sels were predomunint in the vascular conncetive tissue septa

The Iymphatics were tortuous, sometimes with plextform formations,
and sometimes they ran spirally around the blood vessels In many
cases (about 20 per cent) the [ymphaties were more or less marhedly
distended It should be mentioncd that when the 1ymphaties are dilated,
their eahbres ire as large as or larger than those of the blood vessels
they accompany It was sometimes difficult or mmpossible to recognize
the lymphaties Topographically, however, their course could be traced
thanks to a pecubiar hue mm scetions staned according to v in Greson,
i which the [ymphatics showed up clearly agamst the conncetine
tissue 1n the walls of neighbouring vessels md bronelt This bright,
red hue often differed from the eolour of the collagenons structures
of the walls of the blood vessels, cven when the latter were selerotic

‘Ihe lummna of the lymphatic vessels, when they could be recog-
mzed, were often empty and only seldom contamed coaguhited fluid
or erythrocytes The endothebal Iming of the walls of the Iymphaties
could be distinguished right out mto the finest branehes though some-
times with difficulty Valvular formations were scen not only an the

Fags 14

Fibrous thrcheming of Ivmphaties an vxsceral pleura from a 37 year old man
with chronie lung congestion for 6 years hecause «f cardhac mnfarction Van
Gleson X 380

Dhlated hymphatic vessels tn visceral pleura Trom a 33 vear «Id woman 1n
the control series with carcinoma of the utermne cervix and metastatic Erowth
1n the small pelsts Van Gieson X 380

Interlobular Ivmphatic with fibrous thichening of the wall From a 70 vear
a 150k history of cardiac ancompensation heeanse of hyper

Van (neson X 120
ension and coronary sclerosis
Fig 4 ;:ll)rous thichening of interlobular lxmphatic vessel 1n higher magnification
v (same as an Fin 3} Van Gieson Weigert s clastrea X 480

-
S
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Fig 2

Tig 3
old woman with
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el Iymphatics of the lungs (subpleural and nterlobular), but
s::l‘::rnrr: :zle gccf) (pesbronchial and pernascular) Elstic fibres were
<omelumes observed 1n large lymphatics
A clear correlation was found between the fibrohyalingsts of the
Iymphatic vessels and the severity of the plood vessel ehanges (5) Only
n a few cases was hyahnosis of the ymphatic vesse} snalls seen n the
ahsence of marhed involement of the blood vessels, and even then at
was only shght The most severe ¢ases of fibrohyalinosts of the lympha-
tte vessels alsa showed advanced changes of the blood vessels

DISCLSSION

The investigation confirmed the occurrence of fihrohyahinotic thicke-
nng of the walls of the pulmonary Iymphatics i chronic lung con-
gestion, a finding first described m detail by D Arnigo & Barroso-Vo-
guel

D Arrigo regarded lymphatie fibrosis as a prunary change in chronic
lung congestion In the present inveshigation changes occurred almost
mmanably m both biood vessels and lymphatic vessels and were usually
of about the same degree of severity Thus the fibrosis of the Ismphaties
would appear {o develop simultaneously with other pathological changes
aceurnng w. chromse congestisn In contyast to what 18 seen 10 haemo-
siderosrs howeser, no signs of regression of the lymphatic fibrosis are
o he expecied Barroso Woguel expressed the view that fibrosis of the
Iymphatic vessels 1» due fo abundant amounts of flutd and other path-
ologicol material (disintegration products) It 1s known thst proten-
contining flmd stumulates the prohferation of connective tissue (17),
and stagnaton of lymph ss perhaps the most plausible cause of the
ihickeming of the walls of the hmphaties We found ne correlation
hch«;m the aceumulations of blood pigment and fibrows of 1y mphatic
NesSes

11he earlier worhers in this field (Harrison (9), Heatl (10), Oglesby
(13), Gough (7, Flewschner (6), D’drngo (3, 4) and Barroso Moguel

Fig 5 Wide periarterial himphatics sath valves From a newhorn chld 1 control
9 e pe ath
X o m W, chy 1

recurred o few mants alter operatuon W s oo Fe s 1® Of cardtac faiture
Teriarterial lvmphatic vessel

From a 52 vear old woman v

<15 With cardiac fallare for 8 )
Fibr hyalinosis of perlarterias 1ymy
dastinet Jumen i« seen O
d'man with # 7 3ears hu.
Van Giesen x 480

-
3

>
3
=

PR vessel {in ubper part of arteny) No
seeve the mtensity of the stein From a 38 year
story of eardiac farlure because of mutral steniasis
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Fiys 9-12
g 9 Penarterial dilated Iymphatics with a focus of reticuloendothelal cclls and
carhon pigment outside vessel Trom a 59 vear old man who died from
haemorrhagic diathesis (bceause of antiprothrombin treatment?) Control
case Van (ieson \ 120
Fig 10 Arteriole in alveolar duct with muscular medial hiperplasia and intimal
fibrosis Fibrous thichcmng of Iymphatic vessdd which cn be traced out
to the alvcalar septa From samc case as in big 7 Van (nesr n Weigert s
elastica X 380
Blood capillary with thichened hmphatic vessel Van Gieson X 900

Fig 11
Fibrohsy alinosts of Ivmph vessels along blood capillary X 900

Fig 12
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(1)), we often (20 per cent ) found the Iymphatics to be dilated f!:'l:\
we cannot agree with Heatk (10}, who clamms that the dilatation of the
Iymphatse vessels 15 the main change and that fibrosis does not occur
Dilatation of the lymphatsc vessels also seems {0 ocenr mamly n acute
lung cedema {Tobin (21), Harrison (9)) We have observed this also
1 acute pulmenary oedema n some of our controls

1t should be mentioned that 1n the begmuning it was not so casy to de-
tect the Ivmphatic vessels, particularly the small branches in the control
material exccpt In newborns, In whom 1t 1s easy fo follow the course
of the Ivmphaties because they are normally wide (Fig 5) Mo fibro-
hvahinosts could be demonstrated in the walls of the lymphatics in the
control material but the very thin collagenous connective tissue fibres
which are normally scen m the walls of the lvmphatic vessels, were
found to inerease slightly with age

In accordance with the general conception, we were able to distin-
gwish an endothehal limng night out to the smallest branches of the
Ivmph vessels and we must therefore question the assertion of Barroso-
Woguel that Inmphatic vessels have no endothehal liming

“any authors have claimed (Miller (13, 11), Varimow (11)} that
valves oceur onls m the superficial Ilymphatic pathwavs of the lungs,
while others (Heath (10), Barroso-Voguel (1)) have described valves
also 1n the deep lymphatic system of the lungs Qur obsersations con-
Nirm the findings of the Iastmentioned authors

Opmons differ on the distribution of the small Iymphatic vessels
Reny: Vamos (18) denies the occurrence of Iy mphatic vessels in alveolar
sepia exeept in alveolr immediately adjacent to the interlobar sepla
and adpacent to the {rge blood vessels D drrigo claums that prunacy
or secondary Iymphatic vessels occur, though not regularly, 1n alveolar
septan throme Jung congestion secondary to mitral stenosis Barreso-
Moguel (1) 15 of the opimon that Iymphatic capillaries normally occur
atleast in the beginming of the alseolar senta They clawm 114
o

n 1-a
.

. va nu s avinpnaties lhe present investigation will
not allow any conclusion regardmg the prescnee of Iymphatics 1n alve-
olar septa or on the possible newfarmation of lymphatics 1n chronie
congestion We have, howcever, been able to trace Iv mphatic capillanies

0 the proximal parts of alseolar septa thanks o the fibrosis of the
W lls of the lmphatics

In view of
we'
he
ges put use be assumed to be a substantial
function impairment owmg to ngihity and lack of disiensibiity of the
Dibrotic lvmphatic vessels As

1 other lung discases, eg whopathie
pulrionary fibrosis Meessen (12), pon Hansemann (8), Vanek (17))

the number of Ivmphatics 1n the Innas an '



»

Figs 9-12

Fig 9 Periartenial dilated lymphaties with a focus of reticnlocndothchal cells and
carbon pigment outside vessel From a 59 vear old man who died from
haemorrhagic diathesis (because of antiprothrombin treatment?) ( ontral
case Van Gieson \ 120

Fig 10 Arteriole 1n alveolar duct with muscular medial hyvperplasia and ntimal
fibrosss Fibrous thickening of Ivmphatic vessel whih can be traced out
to the alveolar septa From same case as in Fiy, 7 Van Giesin Wergerts
elastica X 380

Fig 11 Blood capillary with thickened lmphatic vessel Yan Gason X 900

Fig 12 Fibrohvalinosis of lymph vessels alons, blood capillars X 900
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the mportance of changes m the Iymphatics should be borne in mmd
also tn the evaluntion of chronic lung congestion

SUMMARY

The lymphatic vessels were studied m a necropsy series of chronie
lung congestion (100 cases of mitral disease, 75 of varying actiology)
In 70 per cent of the cases generalized fibrohyalinosis of the Iymphatics
with thichening of the walls was found In about 15 per cent tins change
was severe In about 20 per cent, the Iymphatics were dilated often n
association with acute lung oedema

The fibrosis of the lymphaties may be duc to the stagnation of lymph
No correlation could be demonstrated between haemosiderosts ind
Iymphatic fibrosis Fibrosis of the lymphatics 1s probably ene of the
man causes of the general Nibrosis i chronie lung congestion To the
functional msufficiency of the lymphatic system n stasis of the pul
monary circulation 1s added a mechanical insufficiencs by fibrosis of
the lymphatie pathways

It1s pointed out that the Iy mphatic vessels, even their very fine bran
ches, are lmed with endothelium Valves oceur m the superficinl as
well as m the deep Iymphatic system of the lungs Lymphatic pathwave
can be traced out mto alveolar septa
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and scem to fuse (Schultze 1865, Hagem 1879, Bizzozero 1882, Schun-
melbusch 1883) This alteration of the aggregates 15 considered neces-
sary for renderng the platelet plug |mpermeal:§e to hiood, and \lh\s
induced by thrombin (Luscher 1956) The term “viscous metamorpho-
sis” (Cherth & Schummelbusch 1886 a) has unfortunately been uscd to
destgnate various or all stages n the platelet transformation, although
1 our institutes the term has particularly been associated with the
fuston of the platelets In this study we prefer to dispose of the term i
favour of more cxact expressions

Durning the last few years there has been serious doubt whether the
fuston really umphes loss of platelet induiduality  Seseral aulh(:rs
{(Policard, Collet & Giltmre Ralyfe 1935, Rinehart 1035, Pease 1936,
I evene & Levene 1937, Poole & French 1961, Isert & Benditt 1961, Par-
meggrant 1961) have prepared sections of intravascular platelet thromb
or “fused platelet aggregates in vitro and examined them by electron
my P Agg af discrete telets with fine b laries have
been revealed hjmrhetm & Howg (1962) found the same picture of
densels aggregated indinidnal platelets also n haemaostatic platelel
pings In histologieal shides of platelet thrombi, produced tn pifro and
trapped n rabbit lungs, Hand & Chandler (1962) found that the plate-
lets remamed discrete for a long time, even after being engulfed by
monocyles

In the histological studies on the platelet plug the finer structure was
nol imvestigated 1n detall Apiiz (1942) stated that mndnadual platelets
could not he discerned, ¥ B Zucher (1947) mantained that the plug

3 dasah hihe mass, and H D Zucher (1949)
cntioned that the great majonty of the platelets were fused
The question whether fibrin precipitation 15 essential to the for-
mahon of an elficacious platelet plug has heen the subject of much
debate Strands of fibrin 1n connection with the plug were noticed by
several authors (Hayem 1882, Apitz 1942, H D Zucher 1849), hut at
most ihey considered them as a strengtheming device of sccondary 1m
portance M B Zucher (1947) did not find any fibrin 1 the plugs,
nerther 12 vwo nor i histological shides of the wounds fixed after half
an hour On the other hand, no one denies the sigmificance of an intact

{} Hugues (1933) com-

P
m

o’ {0 the normat y h
mented on this and concluded that fibrin was not present shortly after
the cessation of the bieeding, bhut 1t appeared at a later stage This was
neither demied nor confirmed by Kjwerhetn & Hovig (1962) because they
id not elearly state whether Hibrm was present at the time of haemo-
stasis Before the cessation of the bleeding, at 45 seconds after the

cutling, no fibrin was observed, while after thehaemostasis, at 5 minutes
after the cutting,

fibrin fibrils appeared on the surf:
e e ace, but not within

Ittle aticntion has becn
Mrtelet plug Lubmt,

paid to the further deveiopment of the
zhy (1883) made artenal wounds 1n rabluts and



FROM UNIVERSITFTFTS INSTITUTT FOR GENERFIT OG FRSPFRIMINTELL
PATOLOGI RIASHOSPITALFT, OS1O HEAD  [FIV RRFYBERG AD
UNIVFRSITETFTS INSTITUTT FOR TROMBOSEFORSANING
RIKSHQSPITAIFT, OSIO HFAD PAUI 4 OWRFN UMD

THL PLATELET PLUG IN NORMAIL PERSONS

1 The Hisloloqical Appearance of the Plug 15 to 20 Minules
and 24 Hours after the Bleeding and s Role in the
Captllary Haemostasts

By
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Bleeding from small vessels 1s arrested by the formation of platelet
plugs When a small vessel 15 cut, blood platelets adhere immediately to
the mjured vascular wall and, within less than one mnute, a platelet
plug covers the mouth of the sectioned vessel At first, the blood often
leaks out mtermittently, forming channds through the plug Howesver,
they are rapdly filled by fresh platelets and, withm a few minutes, the
plug becomes impermeable and the bleeding ecases (Hayem 1882, 1 nb-
mizhy 1885, Eberth & Schunmeldusch 1886 b, Apitz 1942, 4 8 Zuchker
1947, Chen & Tsar 1947, Hugues 1953, Wulte 1960, Berman & Iullon
1961)

Only few Mustological studies on the platelet plug hase appeared
the hterature of this century (Ribbert 1915, Vuller 1931, Apitz 1942
M B Zucher 1947, Hugues 1953) The only comprchensie studies of
this type in man are those of Atz (1943) and H D Zucher (1949)
Apttz (1943) made Duhe’s test for bleeding tume in patients 12-24 hours
hofore death and exanuned the wounds afier death H D Zucher (1949)
made puncture wounds m shin of anaesthetized surgical patients and
excised the wounds 15 20 munutes aftcrwards Wonto (1961) gave 1
short demonstration of the histological micture of the human platelet
plug, obtaned by the same techmque as I D Zucl er (1949) Quule
recently, hyarheun & Hoprg (1962) 1ntroduced electron microscopy of
ultra-thin scetions for studving the morphology of the phitdet plug

At exiray 1sation and also at damage to the non scetioned vascular
wall, morphelogicil and functional alterations of the platclets are
rapidly nduced They bhecome swollen and their form changes from
a round disc to a globuhir or star-shaped body with filimentous
Processes Functionilly, thay become adhesive and aggregate Both an
mpo and wn piro the aggregites are first composcd of well-defined
platelets, but wrrhin a fev munutes the platelets loose their outhnes

40
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and scem to fuse (Schull ¢ 1860 Hayem 1879 Bt o ero 1882 Schim
melbusch 1885) This alteration of the aggregates 1s considered neces
sary for rendering the latelet plug impermeable to blood and 1t 15
mnduced by thrombin (I uscher 1956) The ferm  viseous metamorpho-
sis (Fberth & Schummelbusch 1886 1) has unfortunately been used to
destonate various or all stages in the platetet transfermtion although
in our institutes the term has particularls been associated with the
fusion of ihe platelets In this study we prefer to dispose of the termn
favour of more exact expressions

During the last fes vears there has been scrious doubt whether the
fuston really 1mphes loss of plafelet mndviduality  Several authors
(Poltcard Collet & Gillatre Ralyte 1905 Rinehart 1930 Pease 1906
Levene & 1 evene 1907 Poole & French 1961 Iser: & Bendiit 1961 Par
meg pan: 1961) have prepared sections of infravascular platelet thrombi
or fused platelet aggrepates n tifro and examined them by electron
microscopy  Apgregates of discrete platelets with fine | oundanes have
been revealed Ajerhetm & Homg (1962) found the same picture of
denscly aggregated mdudual platelcts also 1n hacmostatic platelet
1lugs In histologreal shides of platelet thrombi produced in pitre and
trap] ed in rabhit lungs Hand & Chandler (1962) found that the plate
lets remaimed discrete for a long time even after being engulfed by
monocytes

In the histological studics on the | latelet | lug, the finer structure was
not uestigated 1n detarl Apit (1942) stated that mdinidual platelets
could not be discerned W B Zucher (1847) maintained that the plug
appeared as a homogenous cosinophilic mass and H D Zucher (1949)
mentioned that the great majonty of the platelets were fused

The question whether fibrin preaij tation 1s essential to the foc
mahion ol an efficacious platelet plug has been the subject of much
debate Stran Is of fibrin n connection with the plug, were noticed by
seceral guthors (Hayem 1882 Apif- 1942 H D Zucher 1949) but at
most they considered them as a strengthenming deviee of secondary 1m
‘::ll;:-‘“ W B Zucker (1947) dd not find any fibrin 1 the plugs
a lnn;r"hi"(;’,o":{h'" :lslnllogucal shides of the wounds fixed after half
coagulntion to the me):m:?; ;n(: one qlk;]mec the significance of an intact
mented on this and concluded ;;‘m;nr gemostans Hugues (1928) com
the cessation of the biced: N\‘ o\ e s ol ] resent shorlly after
netther denred nor co:m”:;ﬁ : but 1t 91 ] cared 1t a later stage This was
dd not clearly state whethe e aerhieum & Hobsy (1962) because they

T fibrin was present at the rme of haemo-

stasis Before the cessation of
the bleed
cutling, no fihrn was of sory bleeding at 4o scconds after the

ed while after the haemostasis at5
afer ot stasis at § minutes
he 1o utting Gihrin fibnils appeared on the surface but not within
1
]lnl‘tlll:: :\Iucnl'mn has Yeen paid to the further development of the
g Tubnd Ly (1880) made arteral wounds in rabluts and
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prepared sections of them from 6 seconds to 5 days after the hleeding
The structure of the plugs changed from coarsely to finely granular
and, fnally, 1t beeame nearly homogeneous, givng the histochemical
reactions of fibnin Aschoff (1892) gase a sumlar description of the
transformation of platelet aggregates in intravascular thromn

There 15 no gencral agreement ahout the mechamism of capilary
haemostasts Tocanfins (1947) stressed the importance of the tissue
pressure, causing compression and collaps of the capillaries Herzog
(1923) concluded that the lips of the sectioned capillaries have a great
tendency to stick together at the transection, thus preventing bleeding
The same ohservation was afso made by Apilz (1942) and Chen & Tsa
(1947), and 1t has been commonly aceepted that this mechamsm 1s
often 1n operation However, Apitz (1942) also meant to have found
evidence that capiilary bleeding from parenchymatous organs is cheched
by precipitation of a superficial crust covering the blceding surface
His theory of two types of haemostasis. one for the eapillaries depend
mg on coagulation, another for small arteries and veins, depending
on formation of platelet plugs, has been adopted by several authors
(H D Zucler 1949, Roskam, Hugues, Bounameaur & Salmon 1939,
Witte 1960)

In this study we shall report wn detail the histologieal appearance of
the normal human platelet plug formed in a standard wound nd
cxamined 15-20 minutes and 24 hours after the bleeding The problem
of platelet fusion and the relationship between the platelet plug and
fibrin formation will be discussed We are also going to comment upen
the question of capillary haemostasis

This paper coneerns only platelet plugs formed during the primary
haemostasis (Borchgrevink & Waaler 1958) Subsequent papers will
discuss the picture of platelet plugs formed durmg the secondary hacmo-
stasis (Jorgensen & Borchgrevink 1963 a) and n patients with hacmor
rhagic diseases (Jorgensen & Borchgrevink 1963 b)

MATFRIALS AND MFETHODS

Determination of the primary bleeding time was performed in five normal persens
on two succeeding davs All were men aged 24 to 36 years (Table 1) In all the
bleeding tume as well as the platelet count was within the normal range

The method used for determination of the blecding ime 15 a modification of the
techmique deseribed by Iiy Velson & Bucher (1941) developed by Borchgretinh &
Waaler (1958) A blood pressure cuff 1s placed on the upper arm and nflated to 40
mm Hg On the volar side of the forearm a transverse cut 1 mm deep and 10 mm
long 15 made with a ncss surgeeal blade Fvers 30 second the shed blood 1s carcfully
absorbed by a filter paper until the hleeding stops The normal range for the bleed
1ng time watf - £ mam? ofat o

In four of
provoked 1n
the platelet 1 .

15
erg::;:fgsml“ﬁ’tccn 16 twenty minutes after the cessation of the bleeding from the
wound of the second dav both wounds topcther with the surrounding skin were
excised under local anaesthesia with xalocain 1 per cent solution

wound of the first day was
time By <o d 1ns some of
1t as it turned out several
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TABLE 1
Age Bleeding Time and Platetet Count in the 5 Yormal Men from whom the Bropsies
Were Tahen
A Platelel eount per
paron recizers [ Poingtse] MSHOS
3t 6 271 000
‘D‘ 5: 29 5 238 090
HS 24 5% 264 000
CB 36 7 237 000
Py 35 [ 295000
ferred
Histological technique The biopsv to

were
Helly s solution for fisation for 24 hours Afterwards the specimens were npsed
10 flowing fap water for another 24 hours imbedded 1n parallin and cut 10 serial
seclions about 5 Taicrafs thick perpendicular to the direction of the wound The
follawyng staias were used

PR R
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RESULTS
Biopnies of the Woutnds 15-20 Yhinules after the Bleeding

There was no important difference between the five wounds, 2llowmg
2 )0t histological account Shaped like a V, the wounds extended down
through the upper forth or third of the cortum Several vessels had been
¢cut, their diameters ranging from about 5 to abont 70 microns Occa-
stonally, artertes of the subpapillary net (Spalfeholz 1927) had been
iransected Somewhal more frequently, divided capitiaries just beneath
the epidermis were encountered The majority of the duvided vessels,

haseser were capillary vemns helonging to the two upper venous net-
works of the corium
N '

cay ’
apt - vwaptu, OLarregular, but thetr cutline was always
smoothly curied, unless a part of the plug was brohen off, as was some-
hmﬂ' the celscl((-‘lg_ 1} Two or more plugs belonging to neighbourine

with diameters up to 20 or 23 times that 1;f (hc“‘nscl;:\;m"nl‘;rtl:t:nw%;sc‘
Plugs of the veins and some of the capstlanies had diameters rangm
from 2 to 10 tunes that of the lumen The smallest capdiary plugs “crg
fot or onfy slightls larger than the mouth of the vessel (FIS 6) ¢
The plugs were composed of densels aggregated discrete platefets,
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targe brcken platddet 1lup belonging to the artersole 1 lower left hand
corncr The multinesicular structure s not dearly revealed by this magnt
fication The plug 15 cncompassed by a dark ribbon the peametric fibrin
membranc Lendrum s stain X 300
Iarge platelet plug formed by fusion of two or three plugs budenging to
vessels at the bottom of the picture The perimetiie fibrin membrane 1s
partly 1 Traversing ch Is arc filled by platelets and ervthro
cvtes At right the bleeding 1s apparently still continuing, Haemate s hin
cosin orange fuchsin X
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Fig 3 Capsllars plug with large ballooned platelet« and Gibrin memhcane near the
surfare within the plug Epidermus just autside the upper border of the
picture Lepdrom ¢« stan X 300

Fig 4 Capillary plugs and ta the night part of 2 venous plug with traversiog chan
nied Fpidermis at exireme feft fendroms stafn X

thete diameters varsing from 1 to 10 microns Witlun the same plug
the size of the platclets was fairly uniform The majonly of them had
13ken a distinet balloon form, {2 their inicrior appeared esther Yo he
empts or to be occuped by a poorly stamed refractive matenal (Fig 7)
This gve the plugs a charactensshic multivesicular appearance In seme
of the platelets z single tiny particle was perspherally located The limyt-
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Fig 1

Fig 2

1arge broken platddet plug belonging to the arterivle in lower lift hand
corner The multivesieular structurc as not <learly revcated by this magni-
fication The plug 15 encompassed by a dark mbbon the perimetnie fibon
membrane fendrum s stamn X 300

Large platelet plug formed by fusion of two ar three plugs belonjng to
vessels at the bottom of the pieture The pertmetiic fibrin membrane 13
partly duplicated Traversing channels are filled by platelets and ervthro
evtes At right the bleeding 15 apparentls stll continuing ilacmatoxyhn

covin orange fuchsin x 150
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1ng platelet membranes appeared as curved fine strands which stained
Iight blue to bluish red with Lendrum’s stain and hight brown with
Mallory’s ph ungstic acid h tovyhn method At points where
three of four platelets met the triangular or square spices left were
filied by cytoplasmatic masses of the same starming qualities Possibly,
they represented platelet processes which had been trapped hetween
denscly pached platelets (Kjzrheun & Hovig 1962)

Nearly the entire plug was lying outside the yessel within the gap of
the wound, although oceasionally platelet masses couid be observed 1n
the vessel at least as far as the diameter of the plug (Fig 5}

At the surface of the plugs, of near and parallel to it withmn the plugs,
a membrane giving the staming qualities of fibrin was usually present
1ts thichness varied from about % to 4 microns In some of the larger
plugs it was partly dupleated or triplicated It was made up of dense
fibrin strands or 1t appeared as a differently coloured ribbon where
the structure of the plug could he discerned night through The
membrane was “secured” at the lips of the divided vessel and dud not
cross 1n {ront of its mouth Frequently, the pernimetnie membrane con-
tinued directly into the fibrin membrane covening the wound surface

A few plugs, particularly some of the capillary ones, lnched a pen
metric membrane and were, n stead, diffusely stawned as fibrin, 1in part
or as a whole {Figs 5 and 6)

Through some of the larger plugs channels traversed 1n a straight or
wisted course from the mouth of the vessel to the surface of the plug
(F1g 2) The channels were mostly ined by a membrane 1dentical and
continuous with the perimetric membrane Often a few erythrocytes
ot teucoeytes were ying within the channels, but most of the space was
filled by ball d platelets A few ch Is were letels filled by
enihrocytes iFig 2), probably md a d minute bleeding
at the exersion 1n spite of the grossly apparent arrest

Some of the eapitlaries had not hled at all, therr mouths bewg
occluded by adhesion of the lips of the vessel (Fig 8)

‘The walls of the wounds were exther naked or cosered by a thin fibrin
"';E““‘“““- most constantly present near the shin sarface (Fig 6and 9)

was formed by 2 dense network of delicate strands to which tiny

Particles of platelet materiil were atfached, often at the intersections
of the fibrils

The gap of the wound was filled by ery throcytes, partly canght m a
\her\ fine fibrin net contsmuous with the membrane of tha « alle © —
o *

otl

s Lt wounds were eovered by a superfictal crust
:"(:‘Tpn\(‘d of caarser fibrin net, haemolyzed erythrocytes and, in the
most Inver masses of aggregated platelets (f1g 10) The form of

th

m:n;:hl;h‘-h was round or seesaled, their cyloplasm was granular, and
of them seemed to have fused Weither baltoon forms nor any

penimetric fibrin membrane were present here
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{ ncommon capillary plug without perimetric fibrin mombranc but with
small arcas of Nibrin stain ncar the lower periphers of the plug Aggreated
platcdets fall the vessed Tondrumss stam X 400

Alinute capmillary plug stamming diffusely as fibrin and blnding with the
(brin membrane of the wall 1 pidermis at upper left hand corner Hacma
toxahin cosin orange fuchsin X $00
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g 1 Twents four h urs ald platelet Plug tclong ng ta a d lated vein The Pat
tenc! granular plug has trndergone complcte f brinous transformation
lendrum s stain x 900
Fy 17 Twents four hours old platelct plug belonging to a ve n The Ppermetric
{ be o meml rane 15 th chened the platelets 1 sely aggregated and shrup
ken Lendrum « stain x 304

Bropstes of the W ounds 2% Hours afler the Bleeding

Agnn the vanations etween the Inewounds werc small The pPlatelet
plugs had dimrished  but therr farm was usually retained although
some of the venous plugs had bee

ome flattened assymuing a concavo-
4 acrapatn 871
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Leoin
One of the capittary plugs in Tig 4 composed «f denscly pached swellen
balloc ned platcdets seme ¢ £ which harbr 1 periphcral 1 artide Len rum's
stan X 800
Capillars bleeding previnted by adhesion «f the hips «f the vesscds Haema
toxyhin ¢ s orangc fuchsin X 300
I brin nct formuing a superficial membrane on the wall of the wound Save
ral tiny particles of platelet origin attached to the nct [enlrum s stan
X M0
Aggregate of a} parentls fused platelets 1in the cutmost laver of the crust
The fibrin net «f the crust at left lendrum s stain x 80
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had apparently fused Because the shed blood was ahsorbed cvery 30
second as long as the hleeding continued, these aggregates were prohably
fresher than the platelet plugs We may surmise that the apparent
fuston represents an early stage and the multisesicular structure a later
stage 1 the transformation of the platelet aggregales Support of this
supposition 1s found 1n the literature Both Hagem (1879) and Schim-
melbusch (1885) recorded presence of vacuoles withun the granular
smasses of fused platelets i pitro after a pertod of time Sharp (1961),
m a study on platelet aggregation and fusion 1n agitated plasma,
watched the appearance of bailoon-hike structures 1n the granular
masses at or just after the fibrn precipitation These halloon forms
contamed actnely motile black parhicles which tended to concentrate
at the peniphery Our obseryations agree well with Sharp’s deseriplion
In the electron microscope consistent changes were found by hjzrheim
& Howvtg (1962} After the haemostasis most of the organelles had dis-
appeared and the densily of the hyaloplasm was reduced in most of
the platelets

The apparent fusion 1s probably an artifact cansed by the difficulty
n distinguishing the cell borders when the granular platelets come very
close to each other The balloon forms could be the result of potocy tosis,
as proposed by Sharp (1961), but according to Zolinger (1948) this
process 1s dependent on free cell surfaces m direct confact with ex-
cessive flurd These conditions are not fulfilled 1n the platelet plug
Alternatncly, Sharp thought it possible that these balloons maght repre-
sent secretion of some unhnown material 1t 15 evident from our shides
that the bhatlooming of the platelets is a reversible process, and that is
compatible with a secretion which later empties

We want to stress the {aisly regular ocenrrence of a perimetnic fibrin
membrane, present at least from 15-20 minutes after the blecdmg
Probably 1t 15 induced by the extravasated blood, actually on the con-
tact surface hetween the blood and the plug Another example of pre-
eipitation on a contact surface 1s the fihrin Lining of the traversing
channcls, formed by leaking blood through the still permeable plug

The fibrin network of the membrane of the walls, of the gap of the
wound, and of the superficial crust had, 15-20 minutes after the bleed-
g the same general structure as scen 1n histological sections of fihnn
tlols formed 1 ilro (Benthaus & Granberg 1958, Gatnlner 1939, James
Johnsen, Monto, Diab & Caldwell 1962) The tiny particles were the

onty visthle remnants of the patelets w hich .
™ 1tion of the net The contron 1o o e 24 entered wmto the for-

1sobvious In their electean.
and Parmeggiant (1961)
between platelets in larger
aggregates fare ~1 1~ o
(Hraunstes: = * - -

1962) and . . ’

rvwns walinn tha emeatt

.



50

comvex shape (Fig 11) In the mddle and at the vascular pole of the
largest plugs the platelets were not as densely pached as hefore (Fig 12)
They had become shrunhen and star shaped, the ballooning no more
being conspicuous Many of the platelets had even agranular cytoplasm
The fibrim membrane of these plugs was considerably thicker, and most
of the middle-sized and smaller plugs had even undergone complete
fibrinous transformation (Fig 11) Still the outlines of some of the
shrunken platelets could be made out through the fihrinous materal
However, mostly the plugs had a diffuscly granular structure, as if the
platelets had fused within the fibrin mass Many small capillary plugs
could be distinguished from the fibrin membrane of the walls onjy with
difficulty

Both the membrane covering the walls of the wounds and the net
within the gap were more constantly present and coarser than before,
composed of thick, granular fibrin bands In the surrounding fissue an
acute inflammatory reaction was evident

DISCUSSION

The histologtcal method of studying the platelet plug gives only of
a snapshot of a dynamuc process Further, the observations made must
be interpreted with due regard to possible artifacts These facts have
probably discouraged most workers 1n the field of haemostasis from
using this method Howeter, at present 1f 1s the only practical was of
studying the morphological aspects of the arrest of bleeding in man
The detmled picture obtaned lends itself to an interesting correlation
with results of studies of hacmostasis by other methods Morcoyver, the
1mpossibility of observing the continuous progress of changes may m
part be made up for by taking biopsies of a standard wound at mtenals,
and by noticing differences in degree of changes at the same poimnt of
time Finally, the histological picture of the normal platelet plug has a
value of its own, irrespectine of possible artifacts, particularly as a
reference when studying pathological dexiations tJorgensen & Borch-
qgrevinh 1963 b)

In this study the normal platelet plug 15-20 mnutes after the hleed-
ng had a structure which departed from the conventional description
of a granular mass of fused platelets In fact, the plug had a strikimg
mulin esicular appearance Reasonably, the vesicles must be interpreted
as swollen or ballooned, densely aggregated discrete platelets Their
hrmting membranes werc distinetly seen as curved fine strands, not
taking the fibrn stain This morphological picture 15 10 accordance
with the electron microscopical studies on sections of the platelet plug
and the intravascular platelet thrombus It confirms that the formation
of an impermeable platelet plug does not wmply loss of platelet n-

disaduahty
On the ather hand, many platelets of the aggregates within the crust
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he shed hlood was absorbed every 30
had apparently h:;mmf:s;“;;‘nnnucd. these aggregates were probably
second as long ;s |eu~|ci plugs We may surmise that the apparent
:;c:,:;rr::fc:c;t: ;Klaearly stagl:e and the multi estcular structure a later
stage 1n the transformation of the platelet nggri‘sﬁk“tﬁ;l‘mﬁ ;fh‘f";:
supposttion 15 found s the hterature Both Hayem (1879) and Sc. :
melbusch (1885) recorded presence of varuoles within the granular
masses of fused platelets i pitro after a period of time Sharp (1961},
1n 2 study on platelet aggregation and fusion 1n agitated plasma,
watched the appearance of balloon Ithe structures in the granular
masses at or just after the fibrin precipitation These halloon forms
contamed actively motile black particles which tended to concentrate
at the periphery Our observations agree well with Sharp s description
In the electron microscope consistent changes were found by Ajerherm
& Hovtg (1962) After the haemostasis most of the organclies had dis-
appeared and the density of the hyaloplasm was reduced in most of
the platelets

The apparent fusion is probably an arlifact caused by the diffienlty
n distingusshing the cell borders when the granular platelets come very
close to each other The balloon forms could be the result of potoeviosss,
as proposed by Sharp (1961), but according to Zollinger (1948) this
process 1s dependent on free coll surfaces m direct contact with ex-
cessive flwid These conditions are not fulfilled 1n the platelet plug
Alternatively, Sharp thought it possible that these balloons might repre-
sent secretion of some unknown matertal It 1s evident from our shides
That the balloonmg of the platelets 15 a resersible process, and that 1s
compatible with a secretion which later empties

We want to stress the faiely regular occurrence of a pertmetric fibrin
membrane, present at least from 15 20 minutes after the bleeding
Probably 11 15 nduced by the extravasated hlood, actually on the con-
tact surface hetween the blood and the plug Another example of pre
aipilation on a contact surface 15 the fibrin hnmg of the traversing
channels formed by leaking blood through the still permeable plug

The fibnin network of the membrane of the walls, of the gap of the
wound, and of the superficial crust had 15-20 miautes after the bleed-
mg the same general structure as seen 1n histological sections of fibrin
clots formed tn tiro {Beathaus & Grunberg 1938, Gatatner 1959, James,
Johnson Monlo, Diab & Caldwell 1362) The uny particles were the
only visible remnants of the platelets which had entered nto the for-
matton of the net The contrast to the hallooned platelets of the rlugs
1sohvious In therr electron microscopial stushies Iserr & Bendutt (1961)

and Parmegqgran: (1961} were also mpressed by the great difference
between platelets n larger aggregates And an afate e s
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1960) have shown loss of platelet indny wduality or mntegrly Consequent-
ly, there must be a difference 1n the platelet transformation according
to which stimuli affect the platelets, 1n one case leading to the formation
of a plug or platclet thrombus, 1n another to participation 1 the pro-
duction of a fibrin net Unfortunately, the uneritical use of the term
“‘yiscous metamorphosis™ has obscured this fact

As to the further development of the platelet plug, 1t 15 evident that
the perimetric fibrin membrane hecomes gradually thicker until the
entire plug is a fihnin mass It 1s probably the platelets which lend a
granular appearance to the transformed plug At the same time, the
fibrin net becomes coarser with thick granular bands, and the striking
structural differences between the plugs and the fibrin net are nearls
obhterated

Some of the mnerease in the amount of fibrin both n the plugs and in
the fibrm net may only be apparent, caused by refraction As first
pomnted out by Benthaus & Grunberg (1958), there 1s a marhed enlarge-
ment of the platelet particles of the fibrin net during the retraction
Further 1n an electron-microscopical study Kuhnke (1958) found con-
siderable broadening of the fibrin strands during this process However,
this alone can hardly account for the entire increase of fibrin It 1s not
unlikely that a prolonged or continuous coagulation occurs i plasma
leahing out into the wound, a leakage which may be advanced by the
acute inflammatory reaction This would particularly explan the co-
arsening of the fibrin net Whether plasma also oozes slowly into the
plug and clots, or whether clotting factors adsorbed onto the platelets
(Adelson, Rheingold & Croshy 1961) are gradually activated mn centn-
petal direction, precymiating the fibrinogen n or on the platelets
(Salmon & Bounameaur 1958, Schnud, Jackson & Conley 1962), are
open questions

According to out observations, the capllary haemostasis 1s effected
b3 one of two means the bleeding 15 cither arrested by the formation
of a platclet plug, or the capillary has not bled at all, its mouth being
occluded by endothchal adhesion The latter mechantsim was not as
commonly encountered as expeeted from the hiterature Probably, the
proportion of capllaries occluded by endothehal adhesion to those that
blecd varies with several factors, ¢ ¢ the species, the consisteney of the
tissue (Apuiz 1942, Rosham, Hugues, Bounameaur & Salmon 1959}, and
the manner by which the wound 1 mnfhicted

The obseryation of capillary platelet plugs 1s at varance with pre-
1 10us authors using the histological techmque Admttedh, Apitz (1942)
did see capillary plugs in lus 17 vwo expermments on rabbit mesenters,
but only rarely However, he did not find these in the histologteal shides
of cxperimental wounds neither m normal ammmals (A piiz 1942) nor in
man (Amiz 1943) In the latter study the missing of the eapillary plugs
may be explamed by the fact that he examined the wounds only 12 to
24 f\ours after the bleeding, at which time the capmllary plugs had under-
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gone compicte hipnmows \ramc{ormation and were blending with the
fihrin membrane of the walls JiTemuns unetplamed why /i D Zucher
(1919) %1d not observe capiliary plugs, beeanse b 1ook the hsopsies of
the wounds already 15-28 minutes after the bleeding time test

STMMARY ARND CONCLLSIONS

Detetramation of the bieedmg bme wan performed n fe normal
persons and biopsies of the wounds were taken 15~20 rmutes and 2%
hours after the bleeding Platelet plugs covered the movths of the
duded vessels, even thase of the majorsty of the capitiares The blecd-
g had been prevented from some of the capilanes by endotheivd
adhesion

Filteen Lo twenty munutes after the bleedmg the plugs were composed
of densely aggregated hallooned Platelels At the penphery of the plugs
2 fibrin membrane was usually present Within the wounds there was
a networh of thin bibrin strands with by parhicles of platetel ongin
Masses of apparently fused platelets were 13ing 1n the superficial erast

Twenty-four hours after the hleeding the plugs had become smaller
and the plalelets were <hrunken, granufar, and pot as densely packed
as beface The gerumetric fibrit membrane was thicker and most of the
smaller plugs had undergone vomplete fibriniots trapsiormation The
Dbese ot of the wound was coarse, eomposid of thick hands

The fallowing conclusions gee drawn

The farmation of an wmpermeable ptug does not imply \oss of platelet
wanduiy

Tht apparent Tusion of platelels wikin larger aggregales, e g Platciet
plugs, 13 probably an artifact

The balloontng of the platelets may be a further stage i the Yrans-
formation of such aggregates It may umply sceretion of sotpe unknown
matersal, which at 24 hours has emptied

The fibein membrane which encompasses the plafelet plug 15-20
wmautes after the bleeding s probinbly formed iy contact wath the ex
travasated blood

Beeause af the obsious difference betwecn the baffonned nlaselai »
W v i

Spe nnen

The plug are transformed to fiein masses by gra

Y gradual thie

e perimelsic wembrane ¢ {hehenng of

(Thv wncrease of ihe fibren et the plugs and 1 the fibhn net 24 houss
after the bleeding man partty be apparent, eaused by retraction, partly
ral, crused by profonged or cantinuous peasuin w £
PAPRS N
s
o
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Capillary bleeding 1s either arrested by platelet plug formation, or
prevented by endothelia! adhesion
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DISAPPEARANCE RATE OF TRYPAN BLUE
IN RAT PLASMA AFTER
INTRAPERITONEAL INJECTION

By
HoLcer THILANDER
Recersed 131162

In order to ensure intense vital staiung of the tissues repeated -
jections are recommended and intersals ranging from 2 to § days have
been suggested (Cappell 1929 Romets 1948) Since whateser the mode
of admmustration the dye 1s transported from the site of mnjection to
the sarous parts of the body via the cireulatory apparatus, 1t 15 1m-
portant to hnow the speed with which try pan blne disappears from the
plasma afier injection, for this will determme the mimmum interval
hetween the diferent mnjections

When using a method in which repeated ntrapenitoneal njections
of teypan blue are gisen at fairly short intersals 1t 1s of mterest to
follow the variation 1n concentration of the dye 1n the plasma m the
wmterals beiween wmlections Any vamaton tn this respect between
ifferent intervals would be attributable to a change in the resorption
and exerchion of the dye

The results of studies on this relationship after intravenous mjection
which have been performed by Gregersen & Rawson (1997 and Asrel ane
.o P

. 2 ug sluin e pentoncum
In order to examine this prohlem the following study was performed
MATERIAL AND WETHOD
Two experimert .

were Kiven ane §

Yiue am unting .
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with sample cells having a hght path of 5 em The zero was adjusted aganst di-
stilled water On adding 10 #1 of unstained plasma to 3 ml of distilled water no
measurable absorption valucs could he observed

From the results of this experiment the optimum interyal betwcen intraperitoneal
injections was taken as 24 hours In the second experiment one Injection was gien
daily for 6 davs in succession to cach of 4 rats Following the first and last injections
samples were taken during the next 24 hours according to the schedule of the pre-
vious experiment On cach of the 4 intervening davs one sample was tahen 1mme-
diately prior to the injection In other respects the method was as for the previous
xperiment

Extinct on
o

15
hours

5 o 5 0 nuAnWN w8 wo @5 WO NS
t TrEe ot
Fig t
Relationship between time and extinetion for plasma 1n 4 rats rceenving one mtra
peritoneal mjection of one per cent aqucous trypan blue an 6 davs in succession
The arrows mark the various times of mjection

RISUITS

The results obtained during the first 24 hours of the second expen-
ment, which are reproduced graphically in Fig 1, were sinnlar to the
corresponding results 1n the first In all of the amimals the concentra-
tion of trypan blue mn the plasma reached its maximum after about 2
hours The concentration fell sharply during the following two hours,
and after 10 hours 1t had reached a value which thereafter duninished
very slowly After 12 days there was still a detectable amount of trypan
bluc n the plasma

On repeated mnjechions at 24-hour mtervaly the trypan blue m the
plasma mereased steadily Comparison of the extinction curves shows
that the mnerease 1 concentration after the last mjection was less than
the corresponding 1ncrease after the first mjection, and that after
reaching 1ts maxunum value the concentiation fell slowly and mort
steadily

The 4 amimals suffered no all cffects from the admimistration of
trypan blue and, at the end of the experiment, they were decp blue 10

colour
DISCUSSION

The resorption of dye from the sites of deposit evidently tike place
quite rapudly The curve for a smgle mjection after the maxvimum con
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centration had been reached 15 similar to the one after intravenous
myection reported by Gregersen & Rawsan (1943) and Auskaps & Shaw
(1955}, which, however, fell a Little more rapidly The marhed drop 1n
the amount of trypan blue i the plasma durmng the first few hours
after the maumum concentration has heen reached has been asenbed
to the type of bond hetween the dye and the plasma protein (Rawson
1643, Gregersen & Rawson 1943), wherehy the tr3pan blue 15 linhed
primanly to the plasma albumin and only two molecules of the dye are
Iinked to each albumin molecule Any excess of trypan blue will then
be bound to the plasma globulins Since the capacily of the plasma
protem to combine with trypan blue 1s himited, 1f the excess of dye 15
large part of 1t will remain free 1n the plasma and disappear rapdly
from the circulation into the hissues and the urine Jt 1s this penetration
lhr;lo the tissues that accounts for the good staiming properties of trypan

ue

Because of the low tovieity of trypan blue and the fact that the
plasma concentration falls slowly after 10 hours, the mterial between
tnjections could be reduced from the propesed 2-5 days to, say, 24
hours The continuous mcrease in plasma concentration 1n the 24-hour
tests appears to be due to an increase 1n the amount of free trypan blue
n the plasma, established by paper electrophoresis exammation of
plasma taken 30 hours after the Jast snjection

The results thus show
fairks chnrt avnar —acs
e
ac

that if an intense vital stamnmng is required for
b N . the intra-
* sk of toxic

' a

SUMMARY
In these ex,

t
ypan Llue was worked out by examining spectrophotometnically the

d‘?{:l“;:?[::“ ]““’3 of Irypan blue i the plasma of the white rat
milhlstee o (l:mm:smcd of 7 rats It was found that injection of one
boils werght ot ){vhr cent aqueous solution of trypan blue per 100 mg
of toneity T, 2% haurs intervals for 6 days produced no evident signs
ere was, however, an accumulation of the stam m the

Plasma, and
free atate @ electrophoresss tests showed much of it to be 1n the

periments a programme for intrapenitoncal njection of
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with sample cclls having a light path of 5 em The zero was adjusted against di
stilled water On adding 10 #] of unstamned plasma to 3 m! of distilled sater no
measurable absorption values could be abseryved

From the results of this experiment the optimum nteryal between mntraperitoneal
1njections was taken as 24 hours In the second experiment ane injection was given
daily for 6 davs in succes<ion to each of 4 rats Following the first and Jast mjections
samplcs were taken during the next 24 hours according to the schedule of the pre
vious experiment On each of the 4 intervening davs one sample was tahen 1imme
diately prior to the injection In other respects the method was as for the previous
cxperiment

10

Extinction
iy
-

5 i\l 15 0 ) 2448298120120 s 130 135 %o 1S 159
T trrr ot howrs
Fig 1

Relationship hetween time and ex<tinction for plasma 1n 4 rats recenving one intra-
peritoneal injection of one per cent aqueous trypan blue on 6 davs 1N succession
The arrows mark the various times of mnjection

RLSULTS

The results obtamned during the first 24 hours of the second exper:-
ment, which are reproduced graphically mn Fig 1, were sumlar to the
corresponding results in the first In all of the amimals the concentra-
tion of trypan blue m the plasma reached its maxamum after about 2
hours ‘The concentration fell sharply during the following two hours,
and after 10 hours 1t had reached & value which thereafter dummished
sery slowly After 12 days there was still a detectable amount of trypm
blue 1n the plasma

On repeated njections at 24-hour intervals the trypan blue the
plasma mereased steadily Comparison of the extinction curves shows
that the mereasc 1in concentration after the Inst injection was less than
the corresponding increase after the first angection, and that after
reaching 1ts maimum salue the concentratron fcll slowly and more
steadily

The 4 ammals suffered no 1l effcets from the administration of
trypan blue and, at the «nd of the experiment, they were deep blue in

colour
DISCT SSION

"The resorption of dye from the sites of dcpoeit ¢vidently take plice
quite rapidly The curve for a single 1njectron after the mamum con-
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ntration had been reached 1s sumilar to the one after ntravenous
frl;):::on reported by Gregersen & Rawson {1943) and Ausheps & Shaw
(1825) which, howerer, fell a hittle more rapudly The marhed drop 1n
the amount of trypan blue m the plasma during the first few hours
after the maximum concentration has been reached has heen ascribed
10 the type of bond between the dve and the plasma protemn (Ratoson
1643 Gregersen & Rawson 1943}, wherehy the trypan blue 1s hmked
prumartly to the plasma atbumn and only two molecules of the dye are
linked to each athumin molecttle Any exeess of trypan blue will then
be bound to the plasma globulins Since the capacity of the plasma
protein to combine wath trypan blue 1s lumted, if the excess of dye 1s
large part of 1t will remain free in the plasma and disappear rapidly
{rom the ¢ireulation into the tissues and the urine It 1s this penetration
1nto the tissues that accounts for the good staining propertics of trypan
blue

Because of the low toueity of trypan blue and the fact that the
plasma concentration falls slowly after 10 hours, the interval hetween
mjections could be reduced from the proposed 2-5 days to, say, 24
hours The continuous yncrease in plasma concentration in the 24-hour
tests appears to be due fo an merease 1n the amount of free trypan hlue
m the plasma established by paper electraphoresis exammnation of
plasma taken 30 hours after the last mnjection

The results thus show thatf an intense vital staming 1s required for
fairly short experimental periods a smtable intersal between the intra-
peritoneal injections 15 24 hours Longer periods involse a rish of toxie
action due to accumulation of free trypan blue n the plasma

SUMMARY
In these expersments a programme for intraperstonesl jnjection of
trypan blue was worked out by ¢ @ Sy T trically the
disappearance rate of tryvpan blue 1 the plasma of the white rat )
The matenal consisted of 7 rats It was found that njection of one
millilitre of one per cent agueous solution of trinan h on

sy st showed much of it to be 1 the
free state
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INTCRFERENCE BLTWLEN ACTIVE PREPARATIONS OF
INFLUENZA A AND INFLULNZA B VIRUSES

By

O10r Forssuan
Reeerved 301 62

When nfluenza virus 1s mjected nto the allantoic cavity of an em-
bryonafed egg the propagation of another influenza virus n the allan-
toic membrane 1s prevented or partially inhibited (1,2) Analyses of
this phenomenon, which 1o termed nterference, have contribuied to a
better understanding of virus reproduction, particularly when short
miervals between the moculation of the first and secand sirus are
cmployed (3,4) On the basis of the adsorption curves of the viruses
used {5), and knowledge of the number of allantoic cells (6), the aver-
age number of virus particles adsorbed per eell at a given moment can
be estimated The interpretation of experimental data 15 facilitated by
the calculation of the particle-cell ratio and 1t has been utihzed in the
present study

This report deals wath temporal and quantitatine factors affecting
the interference between fully active preparations of influenza A (PR8)
and tnfluenza B (Lee) viruses when Iarge amounts are moculated It
will be shown that the larger the number of infective virus partreles
moculated, the shorter 1y the tune required hefore wnsusceptibility de-
velops to the challenge virus It will be demonstrated that, under certain
experimental condihions, achive virns 1s capable of mterrupting the re-
productive process of heterologous mfluenza virus, alrendy adsorbed
onto the cells Morcover, 1t will be shown that this capicity as well as
the interfering capacity of infective preparations of Lee 1s far greater

than that of PRS

MATFRIALS AND MFTHODS

Viruses —The PRB strain of influenza A and the [ee stram of influenza B virus
were cmploved Both viruses had been passed many times an the allant e sac Seed
virus was prepared by moculation of 02 ml ¢f a 10+ dilution of infected allantore
fluid into the allantore cavity of 10 or 11 day old embryvonated chicken eggs The
moculated eggs were mneubated at 35° € for 24 hours with PR and 36 hours wath

This myvestigation was carried out ot the Rochefeller instlute for Medical Re
search New York at the suggestion of the former chief of the virus department
Dr Franl Horsfall Jr who followed my work wath kecn interest and offered con
structine eritietsm and valuahle adsice throughout the insestigation For all this 1

tender my sincere gratitude

60



61

Lee so as to obtain fully mnfectine preparations (5} Paols of allantoie flnd con
taiming each virus were stored at —86°

Buffered saline —Sodvam thiorsde G83 per eent, bulfered at pH 72 with 001 M
phosphate was used

Red Rlaad Cells —\ enous blond was drawn from normal roosters, mixed with
acid citrate dettrase solution (7), booled, and stored at 4* C for not more than 5
days Belore use Ihe Ted Diood cés Were wwhad 3 tumes wn befleted saline sad
05 per cent suspensions were prepared The concentratinn wa< calculated from the
pached cell volume

Immune sera—lmmune sera aganst PRS or Lec were prepared in rabbits by
intravenous mjeetion o1 10 md of intected zantote fluid tollowed by an intra-
peritoneal injection of 10 ml of similar fluid 2 to 3 weehs Jater Serum way o
taimed 2 {0 3 wecks after the second n)tetlon and was stored at 4° C without pre-
servative Before use sera were freated to remove chichen RBC agglutmins and virus
impibrior The RBG agelutinns were removed by addng packed chuchen REG to
undifuted serum nactinated at 55° € for 30 ynutes to give a 10 per cent REC
suspensian sn the secum The mitture Was hept al 4°C avernight The HBC mere

. ’
N

= wsows wl LG LU were made in buffered
sahine 10 volumes of 06 ] containing immune seram 1 a concentration sufficient
to neutralize al) haemasglutimating pacticles of the homnlogous virus Then n & ot

. a0 nose
ncubation period
Faumeration of infect -
To determine the FY .
heterelogous immune »
ditutscn tube to gue « . '
reparaty N
o R 3 SR S o e 1 v
m{'g;;: l':'c ;hc prortdu? was the same as ‘hale;\“,(-:;i:}wi.h::|: the allantore <
by i tation of aumbsr of non-nfect ¢ haemagglutinating partcles —Th
st m«;rm'.\“\r:“::’l:‘les N was determined from the relation \ gummh
n s =1~
Teeiously (8 i0g particler and Iw= mfecthve pariscles ay described
Yumber of alantoie membr
ane cells —The
o number of
b gty S ks embria aot e e e S35
Th
Darticle allantors oell ragor” (% TRIS Value was used for computation of yirus
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Frperimental procedures —The interference phenomenon was studied by two
different procedures described below

1 Threshold procedurc —A number of embryvonated eggs were njected intra

allanteically with onc virus PR$ or Lee, and groups of 6 were reinoculated after

various periods of incubation with the other virus Contrels {noculated with one

virus recenved saline as the other injection The eggs were incubated at 35° C for

18 to 28 hours which was sufficien -
ing particles in the allantoic flmd r
and tested individually Allantoic 1

was placed 1n test tubes which ec
rabhit serum respectively The sera were prepared and treated as described above
and diluted initialls 1 125 which gave enough antibody to prevent hacmagglutina
tion by the homologous virus Chicken RBC, 04 ml of 05 per cent suspension were
added to each tube ginang a final dilution of 1 160 for the allantoic flmd The
readings were made after 1 hour

2 Quantitative procedure —A group of 30 embryonated eggs was 1noculated with
one virus PR§ or Lee, and after the desired period of incubation with the other
virus An equally large group of emhry onated eggs served as controls for cach of the
viruses, 1n these saline was tnjected instead of the second virus All the noculated
eggs were incubated at 35° C and groups of 6 were removed from the incubafor at
4,12 16 20, and 24 hours after the second injectron After storage at —26° C for
1 hour, the allantoic fluids from each groups were booled The nfectinity and the
hacmagglutmation titer of each virus was determined with cach pool as deseribed
above The geometric mean of the titers obtained at 16 20, and 24 hours was used

n some analyses

The threshold procedure showed whether the hacmagglutinating titer of either
virus 1n each indisidual allanteie flusd was above or below 1 160 The quantstative
procedure gave more precise information on the actual infectiity and heamagglu
tmating titers of each virus in the pooled allantoie flunds from each group of cggs

EXPI RIMENTAL

"ully infechiwe seeds viruses —To mahe the results of experiments
on the hinctics of interference as unequivecal as possible 1t was desir-
able to use fully mnfective seed virus preparations as wocula The pro-
duction of such influcnza virus preparations was achieved by proce-
dures described previously (5) The results of analysis of four PR8 and
three Lee sced preparations used as mocula in this study are given n
Table 1 The techmques employed for the enumeration of infective
particles and hemagglutinating parhicles were 1dentical with those
used presiously (8)

The reke of the number of miechye parheles, 1, 1o the number of
hacmagglutinating particles, H, was in the neighbourhood of 10 with
cach of the seven preparations On the basis of the <rrors mnherent
the enumeration procedures used (5) the data support the view that
each of the seed virns preparations could he consulered as fully n-
feetive

In the experiments described below, both the number of virus par-
ticles inoculated and the virus particle-allanteic eell ratios, PC, were
computed from the number of infective particles in the mocula

Expernuments Utilizing the Threshold Procedure
Lee wnoculated before PR8 —A serics of interference cxperiments

was carried out m which large amounts of Lee sirus were inoculated
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als before moculation with large amounts of PRS
?:r;:‘:l?l:l: |;x!lr:[;;1‘ald procedure, deseribed abote, was cmp]o;c;l a‘r;;(l’ lrl;‘t:
allantosc fhnd from each ¢gg was tested ala final dx\\x:\m\l of "‘“m‘ Bl
haemapglutinating of ether type The objectine was fo (;tcr e the
length of the nterial affer moculation with Lee needed to produ
imtesference with the mulbsplication of PR

TABLF 1 -
Fully Infective Seed Virus Preparations of Influenza 1 {,
e Inftaenza B {Lee) 5 wuses

Alantefe flaid pool
‘ ey Tneubation |~
b Tofectne
Naruy S Mo injected AT ,.‘;‘:‘l‘«-'}:;‘:‘l‘ly nl-I!I\o
peregg Hours peeml permt
x 107 x 1 i

PR§ 5 X 10 2 231 29

PRE 5% 104 24 234 166 14
PRS 5 X 104 24 282 209 %
PRY 5 X 104 24 263 210 11
Mean 257 202 127
Lee 8 x 104 36 145 115 062
Lee 8% 104 36 107 411 o98
Lee 8% 1 36 3ts 389 0381
Mean 389 507 077

The results are presented in Fig 1 The number of mfective par-
ticles of each virus inoculated at the indicated time 15 given as the
ratio, P C, of virus particles to allantoic cells The ratios, IUT, af the
mamber of eggs which were positsve it haemagglutination fests for each
wirus to the total inoculated are plotted against the time between the
smoculibion of the first virus, Lee, and the second. PR When large
numbers of Lee virus particles were mnoculated, 1 e, PC ratios ranging
{rom 83 to 3, the time needed 1o ndnce interference with a constant
large number of PR8 virus particles, 1¢ » PC raho = 16, mncreased
moderately as the number of the Lee particles was decreased The
shoriest nderiod gbserned was Yess than one hour with a Lee PG ratio
of 83, and the longest was about 2! hours with a PC ratio of 3 The
time needed after the largest amount of Lee, remamed about one hour
even when the number of PRS parhicles was ncreased to gre a PG
ratio of 83 In all experiments there was a positine haemaggiutination
:orl;‘(;’c sirus 1 all eggs, 1o a haemagglutinating titer of more than

From these results, 1 appears thal the Lme required for Lee 1o mauce
a sfate of refatine mnsusceptibility to infection with PRS 15 not strictly
constant even when the number of Lee virus particles noculated 1s
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Fxperimental procedures —The interference phenomenon was studied hy two
different proccdures deseribed below

1 Threshold procedure —A number of embryonated cggs were injected intra
allantoieally with anc virus PR8 or Lee and groups of 6 were remnoculated after
varous periods of incubation wath the other virus Controls moculated with one
virus, recerved saline as the other injection The eggs were incubated at 35° C for
18 to 28 hours which was sufficien - nat-

ing particles 1n the allantoie fluid hour
and tested tndividually Allantoic 2 ml
was placed in test tubes, which ec " irmal

rabbit serum respectively The sera were prepared and treated as described above
and diluted 1mitially 1 125 which gave enough antihody to prevent haemagglutina
tion by the homologous virus Chicken RBC 04 ml of 05 per cent suspension were
added to cach tube, giving a final dilution of 1 160 for the allantoie fluid The
readings were made after 1 hour

2 Quanlitative procedure —A group of 30 embryonated egps was woculated with
one virus PR3 or Lee and after the desired pertod of incubation with the other
virus An equally large group of embryonated eggs served as controls for each of the
viruses, 1n these saline was injected 1nstead of the second virus All the tnoculated
eggs were incubated at 35° € and groups of § were removed from the incubator at
4, 12, 16 20 and 24 hours after the sccond injection After storage at —26° C for
1 hour, the allantoie fluids from each groups were pooled The infectivity and the
hacmagglutination titer of each virus was determined with each pool as deseribed
above 1he geometric mean of the titers obtamed at 16 20 and 24 hours was used

1n some analyses

The threshold procedure showed whether the haemagglutinating titer of either
virus in cach indivadual allantose flmd was above or below 1 160 The quantitative
procedure gave more precise mformation on the actual infectivity and heamagglu.
tinating titers of cach virus in the pooled allantoie fluids from each group of eggs

EXPFRIMENTAL

Fully infechive seeds viruses —To make the resulls of experiments
on the kinetics of mterference as unequivocal as possible 1t was desir-
able to use fully infectve seed virus preparations as mocula The pro-
duction of such mnfluenza virus preparations was achieved by proce-
dures described previously (5) The results of analysis of four PR8 and
three Lee seed preparations used as mnocula 1n this study are given
Table 1 The techniques emplosed for the enumeration of mfectine
particles and hemagglutinating particles were 1dentical with those
uscd previously (8)

The ratio of the number of tnfecfive partieles, I, to the number of
hacmagglutinating particles, H, was n the neighbourhood of 10 with
each of the seven preparations On the basis of the errors mherent n
the (numeration procedures used (5) the data support the view that

ach of the sced virus preparations could be considered as fully n-
fective

In the experiments described below, both the number of virus par-
ticles 1noculated and the virus particle allantoic cell rahios, P C, were
computed from the number of infectrye particles the mocula

Expertments Ultlizing the Threshold Procedure

Lee wnoculated before PR8 —A series of interfcrence experiments
was carried out 1n which large amounts of Lee virus werc noculatod
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at vanous intervals before moeniation with large amounts,ordl’l['lli
yiras The threshold procedure, described above, “;lil c‘mplo}rc; a]r:w the
t a final dilution ol

allantowe flmd from each egg was tested al N
tive was to defermine the

h \ytinating of either type The objec

I;;T:ﬂgruﬂm interval affer moculation with Lee needed to produce

nterference with the mulbipheation of PR8

ovepara 4 (PR3
¢ Seed Vyrus Preparations of Influenza
Fully Infectar 20 Inluen a B (Lee) Viruses

AlLantoic fluid pool
Infectnre

Incubation |~
particles 2 C Intective Haemag
Vlrus o injected p;-“f:k““ (fuhr‘\'l[t"l.el!‘;‘i‘l) u‘,‘,{,

per exg Hours per ml perml

X 109 X 109 123
04 24 251 204

g?\: 55); :0* 24 234 166 141
PRS 5 104 24 2.82 208 13
Re 5 X 10t 24 263 240 110
Mean 257 202 127
L 8% 108 38 146 k3t 062
L:: 8 x 104 36 107 417 098
Lee 8% 10 36 318 38 081
Mean 389 507 (341

The resulls are presented 1 Fig 1 The number of miective par-
ticles of each virus noculated at the indicated time 1s given as the
ratio, PC, of vurus particles to allantore cells The ratros, /T, of the
number of eggs which were positne 1n haemagglutination tests for each
Mrus to the total mocuiated are plotted aganst the time between the
tnoculation of the first \irus, Lee, and the second, PR8 When large
numbers of Lee virus particles were moculated, 1 ¢, PC ratios ranging
from 82 to 3, the tunte needed to induce mtetference with a constant
large number of PRB virus parbicles, te, PC ratio = 16, mereased
moderatels as the number of the Lee particles was decreased The
shortest interial obsetved was less thap one hour with z Lee PC ratio
of 83, and the longest was ahout 214 hours with a PC ratio of 3 The
time needed after the largest amount of Lee, remuuned about one hour
®ven when the number of PR3 particies was increased to ghe a P,C
Fatio of 83 In all experiments there was a positive haemagglutination

l;or Lee virus in all eggs, 1e a haemaggiutinating titer of more than
160

From these results, it 3ppears that the ime Tequired for Lee to mnduce
a state of relatne msusceptibibity to infection with PR8 1s not strietly
constant even when the number of Lee virus particles moculated 1
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05

02

oo
2 4 Hours between inccula
Fg
Number of ¢ggs m which the haemagglutinating titer of either virus in the allan.
tore fluid was above 1 160 In each serles of experiments & eges were used In
fluenza B was moculated before influenza A (PRs)
Fulls anfeetive virus parbieles were ased as mneula
P/C=number of infictive particles per allantoic membrane cell
H/1 (Y axis) == Relalive number of ¢ggs which werc positive 1n haemagglutmating
tests for cach virus
Solid lines==PRs Datted lines==T ce
The degree of interference was considered to be significant for values of YT 05

large relatinve to the number of allantoie cells The amounts of Lee virus
given were sufficiently large so that all or nearly all allantoic cells were
infected hefore PR8 was myected

PRS inotulated before Lee —A smilar sertes of mnterfercnce cxperi-
ments was carried out m whieh large amounts of PR8 virus were no-
culated al various ntervals belore moculation of a large guantity of
Lee virus The threshold procedure was also employed 1 this series
and was identical wath that deseribed above The objective was to defer-
e (e e nerded after warnlaben il PRRE Suies b wdier whken-
ference with the multiplication of Lee virus

The results are shown n g 2b The number of mfectine particles
of cach yvirus moculated and the ratios, P/IC, of virus particles to allan-
towc eells are given As in g 1, the ratio, HIT, of (ggs which showed
hactmagglutinating virus of cither type relatine to the total number of
cggs 15 plotted agamst the tine between mnoculalion of the first viruy,
PRS, and the «econd, Lee As the number of PR§ partieles inoculated
first was decreased to give P C ratios ranging from 83 to 16, and the
number of Lee particles moculated later was held constant, e, PO =
16, the time requared to induce mterference mereased The shortest ime
neceded, about 1% hours, was found after givng PR at the highest PC
ratio, te, 83 ‘Ihe longest time needed, about §%; hours, was found
after moculating PRY at the lowest PC ratio, te 16
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1 PRg Lee
PIC PIC
o o & 16
a 15
s e 16 16
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a0
2 4 6 Hours between inocuta
Fig 2a
H/T
e PRg  lee
PC  PIC
08
o 83 16
o 25 16
as e 1 ©
A & 16
[ T 83 83
02
L1
2 & 6 8  Hours between notula
Fug 2

Fig 2a anl 2b
Numter of eggs i which the haemagglutinating titer of PRa (Fig 2a) and of Lee
(Fig 2b 1n the allantoic fluid was shove 1 160 In each series of expcriments 6 eggs
were used PRg was inoculated before Lee
Fully infective patticles were used as 1mocula
P/C == numher of infectine particles per allantoic membrane cell
WT (3 anis} == Relalive number of eggs which were positive 1n haemagglutinating
tests
The degree of thg 2b) was
wWrse

1o be for values of

Thus 1t appears that when large amounts of PR8 are 1noculated the
me requered to mduce a state of relatine mnsusceptibiity to a large
amount of I ce 1s not constnt and inereases as the P C ratio of the first
sirus 15 decreased from 83 to 16 These results are from a quantitative
point of sicw considerably aiiferent from those secured when Lee was

5 acraramir 57 1
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the first virus moculated 1t 15 noteworthy that when comparable
amounts of virus were moculated the time required for PRS to induce
mterference aganst Lee was consaderably longer than that needcd for
Lee to mnduce interference against PR$ Morcover, the increase in the
time relative to reduction 1n the P/C ratio was much more marked with
the PR8-Lee systan than with the Lec-PRS system

Interruption of PR8 Multiplicalion by Laler Inoculation of Lee

Durmg the interference eapermments deseribed 1bove, in which PRS
virus was moculated hefore Lee virus, certain incxpected results were
obtammed J was observed thal when the number of virus parhicles of
PR8 moculated corresponded to a P/C ratio of 25 or less, later imocula-
tion of Lee at PYC ratio of 16 sometimes interrupted multipheation of
the first virus, PRS

The results of a series of experiments on the interruption of PRS
multiplication by latcer moculated Lee are shown m ig 2a With a
PG ratio of 16 for bath Lee and PRS, complete interruption was ob-
tamed (H/T = 0 0) when Lee was ginven Y, hours after PR8 Whan the
amount of PR8 was reduced to give a P/C ratio of 4, interruption was
demonsirated when Lec was inoculated as Iate as 2 hours after PR8 At
this tume 78 per eent of the PRS moculated had been adsorbed (8), and
there can be htile doubt that almost all suseeptible cells were actually
nfected by PR8 Despite the fate mnoculation of Lee at a P/IC ratio of
16 the multiphication of PR8 was nterrupted and multiphcation of Lee
occurred It 15 noteworthy that a sigmficant degree of mterruption of
PRS multiphication (I/T = 03) did occur when as many as 83 PR8
particles per cell were injeeted one hour prior to 83 Lee particles per

cell

Experniments Utilizing the Quantiatwe Procedure

The threshold procedure used i the expertments deserihed above
provided valuable mformation about the kinctics of interference and
revealed that interruption of multiplication of PR8 could be induccd by
Iater noculated Lee virus The threshold procedures have certamn lini-
tations showmg merely whether the hacmagglutmation tiler of ather
sirus in the allantoie flud 15 1 160 or greater On the other hand, the
quantitative procedure has the advantige that it gives defmite values
for hacmagglutination and infcetinity, and so provides more precise
data on the hinetic aspeets of interfercnee This procedure was used i
4 serits of experiments, describcd helow The results obtuned by the
threshold proccdure were of sufficient mterest to warrant further of-
forts to analyzc the dynimices of the reproduction of enc fype of n-
fluenza virus as affected by the other

Lee tnoculaled before PR —A series of interference cxpenments was
performed i which Tce virus, at a P/C ratio of 23, was moculited it
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Infectivity

X Contol &xp PRy
@ interval between wocula ) hour
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- 3 hours
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Hernagglutination

o Controt #xp PRy

¥ interval between inocula 1 hour
P ~— 2hours
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.

—_— —an == & hours

0 & ] 2 16 0 %

26 Hours after fnoculaton with PRy
Fig 3
Infectivity and haemagglutinating titers of PHs yn interference experiments in which
Lee was 1njected prior to PRy Number of particles of esther virus jnoculated was 23
The correspanding values In control experiments are included in which saline was
wnjected instead of Lee virus Fach point 1s the result obtained after pooling of
the allantoic fluids of 6 eggs

1arious miersals before moculation of an equal amount of PR8 virus
Because of the amount of virus moculated 1t ts highly probable that
all of the allantore cells had adsorbed Lee before PR was mtroduced
The quantitatine procedure, desenbed above, was employed and the
PR8 tiler of pooled allantoic flurds from groups of eggs was measured
at vanious penods after ynoenlation of PRS virns  Anti-Lee serum was
added to each ditution of allantoic fluid before either mfectivity or
haemagglutination titrations were earried out The objects of these
experiments were to determune the ime needed for Lee virus to induce
mterference with the multiplicatien of PR8 virus gnd the degree of

wterference obtained when the interval between the two mocula ranged
from 1 to 4 hours

™= = woo- -
glat -
watt

sirus bor purposes of analysis it was considered that mean titers 20
per cent or less for comparable control values were dependable wndi-
cators that interference had occurred As judged by both the infectiy ity
and hacmagglutination titers at 16 to 24 hours, mlerference with PR8
muliphication was snduced as carly as 1 hour after moculation of Lee
5
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Lig
Infectavsty and haemagglutinating titers of Lee 1h interference experiments i which
PRz was myceted prior to Lee Number of particles of either virus moculated was 23
The corresponding values 1n control experiments are mcluded 1m which saline was
mjected mstead of PRg virns Fach point 15 the result obtained after pooling of
the allantoic fluids of 6 (ggs

at a P/C ratio of 23 This corresponds with results obtamned by the
threshold procedure in experiments described above

As measured by the yicld of infective PRS virus, the cxtent of inter-
fercnee was more marked for an interval hetween inocula of 3 hours
than of 1 of 2 hours However, haemagglutination titers indicated that
nterference was almost as extensive at 1 hour as at the later intervals
1t 15 evident, too, that 1n no experiment was the multiphication of PR8
wholly prevented Despite the mnoculation of Lee at a PYC ratio of 23,4
hours before inoculation of PR, both the infectivity and hacmaggluti-
nation titers mdicated that some multiplication of PR8 occurred even
though the yield was not more than 3 per cent of the control values

PRS8 wnoculated before Lee —Another senes of interterence expen-
ments was carried out in which PR virus, at a P.C ratio of 23, was no-
culated at vanous intervals hefore inoculation of an equal amount of
Lee virus In these experiments all of the allantoic cells undoubtedly
had adsorbed PR8 before Lee was introduced The quantitative proce-
dure was employed nud the Lee titers of pooled allantoie fluids from
groups of (ggs werc measured at intersals after the moculation of Lee
virus Anti-PR8 serum was added to each difution of allantoie flud
before nfeetinity or haemagglutination titrations were carrnied out



69
106 TITER
VALUE
]
Intectivity

Contrat exp PRy
srterval between inocyls Lhaur

b ax

e mem —e= 2Pours

] v’__/\v

Hemagglutination
N /&/‘

Cortrol exp PR,
interval between mocula 1 hour
wm wam mum 2hours

P

O 4 8 1 1% 20 2% 28 Hours sher mocuiiton win FRy
Fig 5
[afectnn ity and haemagglutinating titers of Lee 1 jnterference experiments 1n which
PRa was ingected prior 10 Lee \umber of particles of exther virus ioculated was 23
The corresponding values in eontrol experiments are included 1p which saline was
injected instead of Lee virus Fach point 11 the reault obtained after poohing of
the allantoie flaids of 6 eges

The results are shown i Fig 4 The mfectivity and haemagglufina-
tion titers of Lee sirus in each experiment are compared with thove
obtamned 1 control 883 previously injected with saline instead of with
PR8 virus On the basis that mean titers 20 per cent or Iess of com-
parable control values were dependable indicators of 1nterference, the
haemagglutination titrations at 16 to 24 hours showed that an wterval
of 3 hours was needed hefore PRS induceq interference with the multi-
phication of Lee The infectistty titers were more variable but the mean
titers 2t 16 1o 24 hours indicated that a mederate degree of interference,
te aboul 8 per cent of the control values, was mnduced at an interval of
onlv 1 hour However, the amount of interference did not increase ap

precrably as the interval between the moenlations was inereased to
4 hours

The results ol d with h,

tion hitrations correspond
farly well sath those described earher using the threshold procedure

(el Fig 2h) It scems clear that PRE dud not induce interference agamst
Lee virus multiplication either as rapdly of as effectinely as dwd Lee
virus agamst PRE mulliphication 1 1s noteworthy that i spite of the
large inocula emploved, e, PC ratio = 23, and the length of the
mteryvals between nocula, some multiplication of Lee virus accurred n



70

every xperiment The smallest mean yield was about § per cent of
that in the controls

Interruption of PR8 Multiplicalion by Laler Inocnlation of Lee

In another series of experiments by which to dctermuine if later mo-
culatcd Lee virus would anterrupt the multsplication of PRS virvs,
sumilar amounts of the two viruses were employed, 1 e, PiC ratios of 23
The quantitative procedure was used, as 1 the experiments deserihed
above, and anti-Lee <erum was added 1n each hitration so that the
amotnt of PRE virus could be estimated The results are shown n
g 5 The infectivity and haemagglutination titers of PR8 are com-
pared with those in control cggs which did not recetve Lee virus Mean
mfeetivity and haemagglutination fiters of PRS at 16 to 26 hours were
20 per cent or less of control values, when Lee was inoculated 1 hour
after PR8 However, when inoculation of Lee was delayed until 2 hours,
the reduction in the PRS tilers was not of sigmificant degree These
findings are m accord with thosc secured with comparable mocula n
experiments with the threshold procedure (ef Fig 2a) and indicate
that when all cells have adsorbed PRS, later inoculated Lee can anter-
rupt PR8 multiphieation {o a significant degree when given 1 hour after
PR8

Fadure of PRS lo Interrupt Multiphicalion of Lee Previously Inoculaled

Lxperiments were performed 1dentical to those preceding, excepting
only that PRS virus was introduced after Lee and the titers achieved by
Lee were determined It was clearly shown that PR8 (PC ratio = 23)
was not capable of interrupting the multiplication of Lee (P C ratio =
23) even when introduced as carly as 1 hour after Lee It will he re-
called that similar experiments with the threshold procedure also fatled
to show any evidence that later moculated PR8 could interrupt Lee
sirus multiplication —Analysis of the titers of PR8 i this sertes of
cxperiments mAay, however, further clarify this problem (ef Discus-

start}

Attempts (o Demonstrale the Presence of Combtnation Forms of
Virus Particlcs in the Experuments Described

Simultancous noculation of two different serological types of n-
fluenz 1 stramns nto the allantoie casity can result in the formation of
combination forms of virus which contain antigens derived from both
parent types (9) Such particles are neutrahzed by both antisers and
are accordingly demonstrated by the fmdmg of a haemagghitinating
titer of 2 mixture of virys struns that s lugher than the sum of the
titers of individual components

In the experiments deseribed above, the total haemagglutinafion titcr
of the yield was not determuined However, in all experiments the titer
of at least the one hind of virus came close to the corresponding titer
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btawted 1 the control eggs which did not rieddse the heterologous
irus

Hestee 1t 1s unlthels that the mocuiations of PRE and [ ec gave rive to
iy sueh combination types of virus

DISCLSSION

The main work on inferference 1 the aliantoic membrane of the
chick embruo system between type A and type B strain< of nfluenza
sirus has been done on interference by nactnated agents (For raviens
sec 10 12) Analyses of results obtmned an such a system have greatly
contributed to a better understandimg of virus multsphieaion Howeser,
such experimental conditions are limuted to studies of reproduction of
only one hind of virus and for obuious reasons not of hoth In the
present mvestigation fully active sirus particles were used mn both
mocula makmg it also possible to observe any influence of the second
vitus on the repheation of the first virus The procedure of using
actine virus preparations ehminated the possimhily of parhicles inter
fering with the propagation of the acine agent present m the same
preparation Moreover the expersmental conditions were selected n
such a way that all eells were undoubtedls provided wath virus particles
of both kinds wathin the latent period of the first virus This made it
possible to avoid the uncertainty of mterpreting results obtamned from
multiple reproduction eycles

Further analysis on the events of virus reproduction 1n the ailantore
membrane were based on 1) the lack of so called combsnation forms af
P18 and Lee in the actual experrments and 2) the assumption that new
particles of one hind of virus but not of both ¢an be released from one
and the same cell
nn’fh;::::n: l::c‘c)fa:;] gc‘\k were bloched by previousts injected sarus

8 econd virus even to a small extent strongly
indicales a mutal exclusion of the “interfering  agent in some cells
The finding of a reduced ncrement of the later moculated eus 1w
usually termed nterference and 15 obvious the adequate explanation
of the evest occurmng w the remaimay cells Thus 1t can be conciuded
that there are quabitatne differences 1n ranous cells regarding the
reproductive processes at a gnen moment These rarations mav parth
be explamed on the basis of differences 1n distebution of virus particl
to various cells both during and after adsorhtion The mnsl]stnk o
?:r:f‘hngs to emerge from tus myestigabion are however that ol;xr:f-
PRRO:,;IE‘IH) 2 prt of reflecting a difference 1n the properhies of

Reeaproenl nterference
pheation of the second un‘x‘:‘;::;nx;:‘:) ““r“ "‘; e ot he mull
the ssstem Tee PRS than in the sxi(cmggll’.éc!arnbﬂ?:cr: ;qurMsod .

¢
found to be a far more powerful agen! than PR8 uirus uf 1\:;21;::::;
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the multipheation of active heterologous virus injected n advance In
one nstance in which PRS, at a particle-cells ratio of 16, was 1noculated
before inoculation of an equal amount of Lee, multiphcation of Lee,
although shght, was found to occur even when the interval between in-
Jections was extended to 5% hours (Fig 2b) This observation mphes
that Lee virus was capable of nterrupting the reproductive process
of PR8 1n some cclls throughout almost the whole latent period of PR

The exstence of such a quantitatiy e difference between the properties
of PR8 and Lee was supported by another and more direct approach,
namely by comparing the yield of the first virus n interference ex-
periments wath controls, where saline was given nstead of the second
virus With the virus dosis and intervals between nocula described,
sigmificant reduction of the infectivity and the haemagglutination titer
of the first virus only occurred when PR8 was mjected prior to Lee,
but not vice versa This reduction may be partly explamned by the fact
that the total number of virus particles injected (1st and 2nd inoculum)
was higher in the experimental series than i the controls Damage to
the cells of the allantoic membrane may have occurred when 2 ligher
number of particles per cell were adsorbed, followed by a decrease m
the efficiency of the reproducine processes (5,8) This hypothesis,
however, cannot explain the difference obhserved m reciprocal exper:-
ments and the statement on the iterruption of the first virus achieved
by the analysis of the yield of the second virus

Conclusiie esidence of an interruption of the reproduction of the first
virus, caused by the second virus, has not been previously presented for
active preparations of influenza virus Earlier observations, hearing on
this problem (2), may be interpreted 1 various ways sinee only small
mocula of erther virus were used, t¢ less than one virus particle per
cell
Naturally, other results may be obtained 1n interfercnee experiments
dealmg with iactivated virus which, at least partly, has another action
on the cells than Ine virus Thus, mactivated nfluenza virus induces
the alfantore cells to produce mwberferon o contrast da ackive 1rruy, at
least while the cells are fully engaged n virus production (12} It may
be mentioned, howeser, that experimental data indicating that irra~
ciated virus 1s capable of reducing the titer of actuve virus mjected m
advance, may as well have alternative explanations Thus, in some series
only a small dosc of active virus (< 1 particle per cell) was used (13,
14) and the findings may then be expluned as resulting from the m-
Tibstion of a second multiplication cycle of the active virus, caused by
the sccond virus In other series (15 18) the results may nste ul be
interpreted as the production of “incomplete” virus (19) It can there-
forc be said that unequnocal evidence has not prevtously been pro
duced that influenza virus, actise or inactive, 1o capable of interrupting
the multiplication of active heterclogous or homologous virus ino-

culated n advance
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The stronger capacity of Lee, compared with PR8, in presenting the
multipheation of actise heterotogous virus, njected before, corresponds
to the greater interfering capacity of Lee than of PR8 which was clearly
demonstrated 1 this study [t seems reasonable to assume that these
two properties, mterference, and interruption of the multipheation of
the first wgected vrus, are merely two aspects of the same process It
15 evident that, ulimately, they both imply a reproduction at celtular
tevel, of particles of ane hind and presention of the reproductine pro-
cess of the other

SUMMARY

Interference of fully active seeds of nfluenza A (PR8) with nflu-
enza B (I ce), and vice versa, was sfudied n the chick-embryo system
for relalnely short inlenvals beineen morulations All the expeniments
were designed 1n such a way, that, when the second noculation was
performed, alt allanioic cells were alreads infected with one or more
particles of the virus introduced as the first agent By making the
second moculation sufficiently Jarge, 1t was ensured that all reproduc-
tive and interfering processes occurred dunng the first cycle of re-
production

The degree of mterference was estimated either on the basis of -
fectraty and haemaggiutinating titers in the allantoie cavils, or, de-
pending on the method used, only on the haemagglutinating titers
obtained in the actual experiment and compared with the corresponding
values 1n control experiments

Primaniy, the aum of the present study was to obtain information on
temporal and quantitative factors that affect interference 1n the ree
procal systems PR8 ~ Lee and Lee — PR8 A compartsons of results oh-
tamed for the two systems revealed qualitatine sumlarities but quan-
tilatise differences Thus, 1n both systems, the interyal belwcen mnocula,
wlich was needed to mduce mferference with a constant dose of the
helerologous virus (correspanding to a particle-cell ratio of 16), was
nn'\ comlnnt.‘ hat u:crcmcd when the number of nartieles of the firct

T 1w sowwiau PRS INOnducing interference
s difference between PR8 and Ice was repeatedly confirmed 1n

other series of experiments where a different set-un was need
Another ™ - -

in these exy I
of the first woorwal s process oceuered

membrane at the same time as the interference but ln‘:;ll“:‘:r:rtlta‘c‘(“;)l‘f
Comparison between the capacity of PR8 and I ce ta inhibat the repro
duction of previously myected virys Particles, revealed that Iee I:\
predominant also tn this respect In one nstance, Lee virus was ¢ l:;s
of mterrupting multiplicaiton of PR8 throughout almost the a‘?:(:‘:
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the multiplication of active heterologous virus injeeted n advance In
one nstance i which PR, at a particle-cells ratio of 16, was mnoculated
before inoculation of an equal amount of Lee, multiplication of Lee,
although shight, was found to accur even when the intersal hetween -
lections was extended to 51, hours (Fig 2b) This observation implies
that Lee virus was capable of interrupting the reproductive process
of PR8 1n some cells throughout almost the whole latent period of PRS

The cxistence of such a quantitative difference between the properties
of PR8 and Lee was supported by another and more direct approach,
namely by comparing the yield of the first virus in mterference ex-
periments wath controls, where saline was given mstead of the second
sirus With the virus dosis and ntervals between mocula deseribed,
significant reduction of the infeetiaty and the haemagglutination titer
of the first virus only oceurred when PR8 was mnjeeled prior to Lee,
but not vice versa This reduction may be partly explamned by the fact
that the total number of virus particles injected (1st and 2nd wmoeculum)
was higher in the experimental series than wn the controls Damage to
the cells of the allantoic membrane may have occurred when 2 lagher
number of particles per cell were adsorbed, followed by a decrease 1n
the efficiency of the reproductine processes (5,8) This hypothesis,
howesver, cannot explain the difference ohserved mn reciprocal expen-
ments and the statement on the interruption of the first virus achiesed
by the analysis of the yield of the second virus

Conclusive evidence of an interruption of the reproduction of the first
virus, eatised by the second virus, has not been previously presented fot
active preparations of mfluenza virus LCarlier obseryvations, bearing on
this problem (2), may be interpreted m various ways since only small
mocula of esther virus were used, 1¢ less than one virus particle per
eell

Naturally, other results may be obtained in nterference (xperiments
deahing with mactivated virus which, at least partly, has another action
on the eclls than Iine virus Thus, mactivated influenza virus induces
the allantolc cells 1o produce wierferon i contrast to achine virus, at
Ieast while the celis are fully engaged n virus production (12) It mny
he mentioned, however, that experimental data mdicating that 1rra-
diated virus 1s capable of redueing the hiter of active virus injected 1n
advance, may as well have alternative explanations Thus, in some series
only a small dose of active virus (< 1 particle per cell) was used (13
14) and the findings may then be explamed as resulting from the m-
Tubition of a second multiphication cycle of the active virus, caused by
the sccond virus In other series (15 18) the results may nste wl be
interpreted as the production of *incompletd™ virus (19) It can there-
fore he said that unequnocal evidence has not previously been pro
Adueed that influenza virus, active or actne, 15 capable of interrupting
the multipheation of actne heterologous or homologous virus 1no

culated in adynee
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The stronger eapacity of Lee compared v 1th PR8 1n presenting the
multipheatton of actine heterologous virus wnjected before corresponts
to the greater interferng capacity of Lee than of PR8 which s clearly
demonstrated 1 this study 1t seems reasonable to assume that these
two properties mierference and interruption of the multrphication of
the first injected virus are merely twe aspeets of the same process 1t
1s evident that ultimately they both imply a reproduction at cellular
lerel of particles of one hind and prevention of the reproductine pro-
cess of the other

SUMAMARY

Interference of fully active ceds of wafluenzn A (PR8) with influ
enza B (Iee) and vice versa was studied i the chich embno system
for relatinely short mterals between noculations Al the expeniments
were designed n such a way that when the second noculation was
performed all allantote cells were already infected with one or more
partieles of the virus introduced as the first agent Bv making the
second moculation sufficiently large 1t was ensured that all reproduc
tise and mterfering processes oceurrcd durmg the first exele of re
production

The degree of interference was estimated exther on the basis of m
fectintty and h g titers m the allant cavity or de
pending on the method used onh on the haemagelutimating Lters
ohtamed in the actual expeniment and compared with the corresponding
1alues 1 control expeniments

Primandy the aim of the present studv was to obtain information on
temporal and quanhitative factors that affect interference in the rect
procal systems PR8 — Lee and Lee  PR8 A comparison of results oh
tamed for the two systems revealed quahtatine similarities but guan
titatnve differences Thus 1n both systems the intersal betw cen tocula
which was needed to induce interference with a constant dose of the
h log virus {corre g to a particle cell ratio of 16), was
not constant but increased when the number of particles of the first
Mirus was reduced In these reeiprocal experiments hawever a strihing
difference was found hetween the two wmterfening agents n as much as
Lee was more powerful than PRS 1n ynducing mierfe rence

This difference between PRS and ee was repeatedls confirmed 1n
other serics of experiments wWhere a differint set. R was used

Another } henomenon beswdes interference was sometimes ohserved
tn these experiments viz the second virus mhibuted the multsplication
of the first vires Tt 1s bikely that thys process occurred m the allanfore
mombrane at the same Qe oy the interference but in different cells
Comparison hetween the eapacits of PR§ and T ee to inhibt the repro
duction of previousls 1njected virus particles revealed that Tee w
x\frcd\‘slmmnn\ also m this respect In one mnstanee T ee VIFUS was capzl}::Z
of iterrupting multy lication of PR8 throughout almost the whole
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latent period of PR8 The dose of PR8 and Lee was then the same,
corresponding to a particle-cell ratio of 23
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FROV THE BOARD OF HEALTH A\D THE MUMICIPAL VIROLOGICAL
L1BORATORY GOTHF\BURG SWFDEY

AN OUTBREAK OF POLIOMYELITIS
IN A PARTIALLY VACCINATED POPULATION
The Epidennc tn Gothenburg tn 1961

by

TRYGOLE ANpES and Frin Lyck
Recelesd 284162

In 1923 pohiomyelibis was epidemic in the greater part of Sweden -
cluding the western provinces and the ety of Gothenburg Vacaipation
with mactinated vaceine was imtiated 1o these areas in 1957 and gra-
dually all people below the age of 50 years were offered vacciration
(ree of charge Neverlheless, a local outbreak of polismyelitis oecurred
1n Gothenburg in 1961 As at this time the susceptible age groups of the
pouiation were vaccinated to a very high percentage, a studs of the eps-
demie was considered to he of a particular interest

EPIDFMIOQLOGICAI RACAGROLAND

Durng the symmer of 1961 outhbreaks of poliomyelitis were reporten]
from Western Germany, Great Bntam, and Denmark More than 1,154
cases were obsersed in June and July Table L (12)

TABLF 1
Reported Cases of Poliomyelilis tn Denmark Federel Republic of Germany and
Greal Britoun during June aad July of 1351

Nuaberoteases | Number of caves
inJune 1061 in July 1961

Denmark - 0

Federal llepublic of Germany 217 629

Creat Britasn 9% 94

Tota n 783

Gothenbhurg  the man sea port of Sweden, 1s an ndu

N strial center
with a hittle more than 4010 000 nhabuants The early number of new
settlers s relatwels farge For the years preceding 1961 the frequency
of pohiomschtis 1n Gothenburg corresponds fairly well to the incaidence

%
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1921 1931 1941 1951 1981
Fig 1
The number of reported cases of poltomvelitis in Gothenburg 1921-1961

reported for Sweden as a whole Tigure 1 shows the reported number
of cases, paralytic and aparaly tie, in Gothenburg for the years 1921 to
1961 Since the large epidemic in 1953 tatf July, 1961, only 70 cases of
poliomyehitis have been reported

TABLE 2

Pcrecntage of Vaccinaled Indiciduals wn the Population
Indunduals Born tn 1910 to 1960

Percentane of poputation

\ge groups
{yearsof Larity recensing 3 ingections recen [ng 2 imections

1955-60 K]

1945 54 95

1933 44 47 7

1921 32 41 15

1910 20 @

Table 2 shows the number of vaccmees 1 Gothenburg 1n per cent of
the total numbcr of dniduals in each age group About 75 per cent
of the pre-school children were yvaccinated, the majority of these re-
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cetsed their injechions at chuldren welfare centers Of the school chnldren
93 per cent recelsed all three mjections i seheol Al ehildren who re-
cesved fhe first injection fulfuled the whofe vaccination series A cerfan
aumber of mdriduals born wm the years 1921-1944 and the whole age
group 1910-1920 were offered vaccination during March May, 1961
In addition to the eampaign organized by the health authoribies vaces-
ralions were alse performed by practiieners These vacainations were,
however, relatinely few Dunng the eprdemuc, 2 e from June Gl the end
of December, no public vaceinations were performed

All the vaccme used was produced hy the National Bacteriologieal
1 aboratory, Stockhotm Three one m\ 1n)ecions Werd gnen, toe wler-
sl between the first tno ngections was one month  the third injechion
was grven §-12 months later

THE FPIDFVMIC

‘The two first reported cases oceurred on July 3, 1961 They were tuo
aitls 4 and 6 years old, playmates who Iived tn the same house Therr
fathcrs worked at the same factory as did also the husband of a 22 years
old ferale who represented the third case Simultancously « fourth case
appewred the patient being an assoclate to the family of one of the prls
Thus confact between these cases was demonstrable During the first
& weeks of the epidemic the 26 cases reported were localized to one
single district Later, cases occurred also in other districts of the cify
However many of these also appeared to hase been m contact with the
aistrzet n which the epidenme first started

In fotal 100 cases were registered The age distribution of these s
stusteated 10 Fig 2 and @ As shown, most of these were children of
pre school ages Thus, 50 were less than 7 years old and 6 fess than one
year old The oldest patient was 49 3ears old, the youngest was a new-
born gurt (3) As mentioned the first cases were found on July 5 and
the last case occurred on December 27 , 1951

Fifts cases were duagnosed as paralybie pohomyehfis In 12 of the
cases | aresis of a traastent nature was nolegd, mcluding paresis of oculo
motor of mimie, and peroneal museles Thirty cight of the cases were
of a paralytie nature the pareses persisting for more than two months
Fity additioned cases, were registered as aparalytic poliomyelitis The
diagnostic erttenia Tor apazalylie casps, wese TRWHENS SR Spinadl
flmd white el counts of 5 cells per cubie millimeter af ot ~
sehee *

entert
fo

an
s
Wi *
suys anone ol the cases a shightly him-
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% 1019 2028 3033 4049 years

Fiy 2
Age distribution of eases The shadowcd part of the columns refer to paralvtic cases

15

s
Fug 3
Age distribution of cases The shadowed part of the columns refer to parals tic cases

ping walk was demonstrable which persisted for one month upon which
it disappeared In the other a facial piresis was rceorded which dise
appeared within a few days and a paresis of n abducens which per-
sisted for more than two months Thus, of 38 patients with paresis per-
sisting for more than two months only one had rceenved three vaceine
injeclions

The dwstrict of the eity in which the eprdemie started 15 composed
of an older part duc for slum-clearance and bloeks of modcrn ap trtment
houses and industries A relatinvely large numibscr of young families with
many children are Iving here The percentage of vacematcd indivaduals
n this district was not significantly inferior to figures shown in table 1
for the city as a whole If the number he considered of vacemated indivi-
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amilies, 1 which eases of poliomyelitis occurred, the N
:z:z,'lrlloi:f\ f‘r,";rc lower than the average In lolal' 302 family mc:‘nhtr(s’
were registered Of these 115 were vaccinated, i e 38 per cent, .';'n
among the children of pre-school ages less than one third The number
of wdividuals are too small, howeser, to allow any conclusions

VIROLOGICAL FXAMINATIONS

Stoal and blood specimens were collected from all of the cases The
majonity of the specimens were taken during the first wech of disease,
mn a few cases, however, as lale as one meonth after the onset of the
hisease The stool specsmens were tested 1 monkhey %idney and Hela
cell cultures Poliovirus type I was isolated from all of the cases Homo-
logous neutrahizing antibodies were demonstrable 1n all of the cases
as well and complement fixing antibodies were found n 97 of the pa-
tients

From 9 paticnts diag; d as aseptic tis, two type B2 and
seven type B5 of Coxsachie visuses were 1solated These patients were,
however, not included 1r this study, as mentioned above

DISCULSSION

Lomparison of attack rates between comparable vaccinated and un-
vaccinated groups represents an useful measure of poliovaccine effe-
acy Since the intre of pohios t 1n Sweden tll the actual
emidemic 1n Gothenburg the frequency of poliomyelitis has been too
10w to allow adequate compartsons of this kind In the town of Eskilds-
iuna an outbreak of pollomyelitis in 1938 due to pole virus type 1

eaused 33 paralvtic cases none of which had heen vaccmated comgpletely
with Swedish vacemne (4)

InUSA the efficacy of the Salk vacemne has heen estimated by stu-
des of ¢ g the eprdemic in Des Moines and hansas City 1n 1959 (5 6)
In Des Mowes 135 eases occurred of which 70 were of a paralytic nature
and in hansas Cify 210 cases were registered ncluding 118 paralytse
cases A comparison between these two eprdemics and the epidemic
Gothenburg presents some nteresting similarities

The epid Y m popwd s yvaccnated 1o a very high
percentage and were each strietly localized to a eits The highest attack
rates were {found among chuldren of pre school ages Thus in Des
Mownes the attack rate was found to be 1% and mn Kanpsas City 3 times
fughes than rates observed among the school children In Gothenburg
the aftach rate in the pre-schoo! age-grottps was also 3 imes higher
than among the schoolehildren In all three cifies children in the scl:'ooL
'Re groups were found to be completely vaseinated Comparmson be-
Wween the pattern of the epiemics occurring hefore and after the
poliovaceine era has w U

S A showed a marhed trend towards high
er
tates among the pre-school chuldren 1n epudemics oceurring nncrglhc
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mtroduction of the $alk vaeeine than had hitherto been obsersed Re-
garding Gothenburg the pre-school cluldren constitutcd 44 per cent of
the total number of cases registered m the 1953 epidenice wherers the
corresponding figure for 1961 was 50

In the American reports the high incidence of pohomydlibis among
the lower socioeconomic groups 15 emphasized  Although 1t will be dif-
ficult — considering the social structure of Sweden — to mike sumlar
observations here, the actual eprdemic started, and the majornty of the
cases occurred n an area of the city in which housing conditions are
of o fess satisfactory standard

The total attack rate per 100,000 population calculated for the epde-
mic m Gothenburg was 247 The protectine efficacy? of three vaceme
mjections measured on the basis of paralytic as well as of aparalytic
cases m the age-groups below 50 years was 91 9 per cent If only the 3%
cases ivolving paresis persisting for a period longer than two months
were considered the vaceine effectivity to reduce paralytic polie was
calculated to 98 3 per cent The vacemes used have thus proved to be
highly protceine and presious observations of the ligh immumazing
cfficieney of the Swedish poliovaceine have hecn confirmed

SUMMARY

The cpudemiological paticrn of an (prdenuce of poliomyehitrs n Goth-
enburg 1 1961 was studied One hundred cises were registered 50 of
which were of a paralytic nature The attack rate per 100,000 popula-
tion was 24 7 The attach rate was highest among cluldren n the pre
school age-groups and lowest among the school-children whoe were
saccinated to 95 per cent

Lleven of the affected mdividuals had recencd three mjections with
poliovaccine Of these patients one 5-year-old boy, only suffered from
paresis persishing for a period lenger than two months The vaceime
efficacy was caleulated to 98 3 per cent as regards reduchion of pira-
Iy tic polio and to 91 9 per cent if bised on the figures for aparalytic as
well a5 paraly tic polio

RIFIRINCES

Fmd Vital statist Rep 13 218 1961
Ipd Vital Statist Rep 15 89 1962
Ipcke F & Nusson { R Pohomyelitis in a newborn due to intrauterine nfec
tion Acta Pacdiat 5f 1062 1n press
4 ronss v Uoe arelg Rayscr A & Vassén VA polio gpdamic n
ilation Fafth Internat Poliimyclitis Conference
welphia Montreal 1)1
) ' The changing pattern «f poliomyelitis observed
I Health Rep 76 553 1961
- MMl ses HaOR € Waor P oSierged Effectivencss of
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"(;all\ v a large urban ¢udemic
New 1

Frpected cases  observed cases
1 Vacaine dflicay = T Fpeceted cases
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THE REITER STRAIN OF TREPONEMA PALLIDUM
Ongin, Cultiwation, and Use in Immunization of Rabbiis

By

Ay Hers CHRISTIANSEN
Recerved 1301162

ORIGIN

By resiewing the literature 1t has been possible to trace the su—gallod
Ruter-treponeme unhil about 1922, when Wassermann & Ficher (17) re-
parted that they had succeeded i 1solating seven strans of Treponema
paltdum from §0-90 primary casés of syphilis and cullurng these
straans 1o fluid and semittud medwim One of these wolated strans,
13 36, was able to cause typical syphilitic lesions when 1noculated into
Tabint tesies, and Ficher way avle to regain B 3% from the infected
testes making subcultures n vilro When Ficker, in 1923, left the
haiser-Wilhetm Institute of Berhn, las work on B 36 was conbinved
by fetler, who isolated some new stramns (B 1Y and B 61), also from
prunacy cases These strans, however, did nol possess the virulence
of 836, since an orchutts was not alwags obtamned as a result of mjec-
Gons of B 49 and B 64 (13, 11) Reiter sent treponemes to other imveshi-
gators, among whom may be mentioned  hilopstockh {19), Mulzer &
ANothaas (11}, Gaelilgens (9), Beck (1), Eagle & Germuth (6) Klop-
stoch & Gaelfgens prepared an antigen {so-called Palligen) from the
Redler stran for diagnostic purposes as to syphilis (9, 10), Walzer &
Aothaas were able to produce a speeific rabhit erchitis using a Retfer
steawn, which had been passed through thwo hundred subcultures m a
flusd eulfure medum It 15 uncertain whether this strain was the B 36,
because he protoeols have been lost (131 Beck Faund a caend

.
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v we wrow dy dggiutination and complement-fixation
Lypenments, a efoss-reackion was demonstrated between the Reiter and
the hazan strains showing that these were related, though not 1dentical
On the other hand, an almest cawmplete wentily was found between the
Rater and two strains of saprophytic mouthsprrochactes

§ acTaratin 39,1 at
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From Eagle, the Reiter strain came back to LCurope to D’Alessandro
& Dardanont 1 Italy (1953), and to Germany, where the strain wis
lost during the Sccond World War (13) Later D'Alessandro sent the
Rater strain to De Bruyn & Belker in Holland and to the Statens
Seruminstitut m Copenhagen When we lost this original stramn, a new
one was recenved from De Brugn in 1959

From the above 1t 15 realized that this strain seems to be the B 36, or
at least a strain which 1s serologically 1dentieal with this

The results of Wassermann & Ficher and Mulzer & Nothaas have
never heen reproduced, and thus are hard to undcrstand and explam
However, 1t 1s now generally accepted that the Reiter strain 1s apatho
gente (18) Eagle & Germuth (6) state that the vahidity of wdentification
of the Reiter-treponeme as T pallidum 15 questionable because 1t differs
from the pathogemc one both as regards morphologic and anfigenic
properties

The possibility remains that the Reiter treponeme 15 derived by mu
tation from the pathogenic T pallidum, sice 1t has antigenic simlan
ties with the latter in the lipid and protein fractions

On the other hand, the Reiter treponeme majy be a saprophyhe skin
spirochacte 1solated, by aceident, from a syphilitic primary case But
the fact that the Reiter-treponeme 1s anaerobic, mahes this hypothesis
improbable

CULTIVATION

The Rester treponeme varies m length betwecn 6 and 44 microns the average be
ing about 18 microns after 48 hours growth (15) In addition some ring forms and
evsts mav be found The motilits of the treponemes 1n a fresh culture 1s very great
approaching that of the pathegenic strains Contrary to the latter the Reiter trepo
numes possess the ability to survive for wechs in the culture medium 1n a vegetatne
stage where the motility 1s markedly rcduced At microscopy all treponemes in such
an old culture may apparentls be dead but evenso they mav start multipheation
when placcd 1n a fresh medium under § roper conditions

CULTURF MIEDIUM

The Reater treponemes are prown in Brewer s thioglycolate medium (2) or 1n
some modification of this In Copenhagen the following modification 1s used

Trypticase 1 150 grams
I cvstime 075
Glucose 50

Yeast cxtract (Difco) 50

\aCl 25

Na thioghcolatc 05
Resazurin 0001

Agar 07

Preparation of Medutm

The cvstine 1s dissol ed mn a few drops of 5 N HCI and the solution added to the

water togcther with agar water soluble veast cxtract trypticase and N\aCl and

1 trvpsin digested Lascin
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Then the thioglyeolate 13

bath until the d ssolution 1s finsshed !

!:E:l:?::dl I‘F’)’l‘::cs:zr) enough \ NeOH to sne arp“!n(.:]\ = \Hl :f)‘leor‘slprcrr)\:::\
1 th the thi glécolate 1 mlof a freshly prepare

‘s:sal:tfx‘zl\“:l"::‘?z‘:rfn‘;; added 1F fltration is necessary to clear the soluty n this

shou ’

anl .

nto

1 oxvgen 1nto the medum For mass tultnaty o the agar should he avorded
hecause ot el to remove fram the treponemes Besi les agar 15 tmnecessary
here becavse > * .

The re fox 1 .
1o reddish wh
satisfactors § .
During the
the top of th
- .

if the trej oncmes are

wsd at 37°C o check the
ster 1y

INOCULATION AND GROWTH

‘The tabes are wocutated with about 1 m! of cullure, the bottles with
5 ml Before moculation the seed culiures are examined for contamin
ation by nspectron of a Gram staimed prepiration Contammation of
the tulies 1s extremddy seldom 1f common procedures m the bacienolog
1eal fechnique are followed The moculation tcchnique of the bottles 1s
more complicated because the caps have to be unscrewed and replaced,
and alse the amount of moculum 15 larger Thus the bottles must re
mam open for a longer period than the tubes during the noculation
and the mnoculation should be performed under a hood fitted with ultra
violet light Alsa care should be taken that the glassware, and other
fhungs used should be thoroughly flamed yust hefore use

11 confamination of the seed cultures occurs 1t may be troublesome
10 obtamn a clean culture agamn In this case, it may be helpful that the
trej onemies are able to graw on a common 3 per cent blood agar plate
under anaerobic condilions (8)

Alter moculation the tubes or bottles arc incubated at 37° C and
growth 15 \iubie already alter 24 hours reaching an optimum affer
4 5 days hinvest should take Hlace after o days During growth the
treponemes seftle an the botties and thesc are thetcfore gently sotated
once or twice cach day to resuspend the organisms As growth proceeds
a dark dibris 1s formed the nature of which 1s uncertamn W ailace &
Marriy (16) supgest that it may he b 1 il of a i
component The antount of thes material saries n an unpredictable

Wiy from time to fime and ks hitherto heen 1m
possihle to separats
completely from the organisms parate

[
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The treponemes are separated from the medum by centrifugation at
+4° C 1his procedure mas he facihiated by using a cenirifuge with a
so-called continuous flow system attached (for example M S L High
Speed 17 with refrigeration and continuous flow) The adyantage of
using a continuous flow 1s that the suspension 1 hept 1n a closed, ste
rilized system during the centrifugation, thus mminuzing the rish of
contamination After centrifugation the treponemes are washed 3 times
i saline to remove culture medium residue If not used at once, the
organmsms can be stored mn the 13ophihized state The aserage 3zeld will
then be 1.5 to 2 grams per 5 hters of medum (dry weight)

The above mentioned procedure hills the treponemes However, if the
treponemes are stored m the medium m sealed ampoules and hept m
the dark at room temperatuie, they remair hiving i a vegetatune state
for at least 3 months Although spontancous mosements are hardly seen
by mucroscopy m a culture hike this, growth occurs raprdly, when
subculture 15 prepared in fresh medium Ly ophilization scems to hill the
treponemes, even af 1t 15 done from a broth culture

INMMUNIZATION OF RABBITS

Preparation of Vaccine

Lyophihzed treponemes are suspended 1n saline (with a content of
phenol of 025 per cent by volume) giving a density correspondmg to
twice that of International Colr Standard 8 The dry weight content of
this vacemne 1s 2 4 mg per ml The vaceine 1s homogcnized using a 10 m!
<yringe and a coarsc needle, and stored i rubbercapped tubes at + 4°C

The vaceine may be prepared in a stmilar mnner avowding density
measurement by calenlation of the needed amount according to the
following immunization scheme and weighing a conyement amount of
treponemes to be suspended m phenolized saline as prescribed

Immunization scheme

Serum from male rabbits wagling about 3 kg 1s tested for reactnaty
i the Wassermann (CWRM), hahn (hAR) and Meiniche (MR) reac-
tions Only the negative animals are used The vaceme 1s giien m the
car veins m the following manner Farst day 05 ml, third day 10 m)
sinth day 10 mi, and then 2 ml every second day until a total of 10
mjections have heen gunven 7 8 days after the last mjection, hlood
samples are drawn from the ear vemns or by heart puncture

Fig 1 shows a typical progress of serore 1ctions of immunized rabbits
when serum samples are tested ag unst cardiohpi-antigen and Rater
pols saccharide-antigen (3, 4) Four rabbits hase been mmmunized by s1x
mjections of lyophilized Rater treponemes The njections arc indreated
n the figure by arrows Blood samples huwe been drawn simultane-
and after the last injection, once a week for 6 weehs The blood

ously,
s ~amuned in complement-fixation tests with the

samples have bhon @



83

DEGACES OF STRENGTH

o aeTLeO
T e racvsacean oE A
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Antepel h.

ide and antilipid present in rahbit serum during and
after immunization with luophilized Reuter treponemes
The arrons indicate njection of treponemes

ahove two antigens, and the mean values {guen 1n degrees of strength)
14) for the four amimals plotted against the dyys when the samples were
taken

It 1s seen that even the first ino injechions cause a constderable
production both of antipolysaccharide and of antilipid antibodies (rea-
gins) ‘These rcagimns, however, hase disappeared two weehs afier the
last injection, while the sera stll have a distinet content of antipoly-
sacchande antibody 6 weeks after completion of ymmunization

Contrary to what has been stated clsewhere (5, 6, 7), a distinet pro-
duction of reagins was obsersed during immumnzation in the present
study, hut these antibodtes disappeared with surpnsing rapidity There-
fore, the blood samples, usually taken 5 days or more after the last
injection of treponemes, showed little or no content of reagins
Poelschke & Krlisch (12) also noted a production of reagins, when
rabbts were d with Reiter t These antibodres \\ere
demonstrated by the VDRL microflocculation test, while a e
fixation test was not used

SLMMARY

The ongin of the Reiter-treponeme 1o mentioned together with tech-
niques of cultnation and immunization It 1s stated that ummunization
with Yyophitized Retter-treponemes causes 2 marhed production of a!
least two tapes of antibodies namely antilined an ¥ ae
anubodies However, the an
the antipolysaccharide an)
persod



L he treponemes are separated from the medium by eentrifug tion at
+4° € This procedure mav be facilitated by using 1 centrifuge with 1
so called continuous flow svstem ttiched (for cxample MST  High
Specd 17 wath refrigeration and continuous flow) The advantage of
using 1 continuous flow 15 that the snspension 1s hept in 2 closed sl
rihzed system during the centrifugition thus minumazing the rish of
contumnation After ecentrifugation the treponames re washed 3 times
m sihinc to remove culture medium residuc If not used at once the
orgnisms can he stored in the Ivophihized staite The average vreld will
then he 1y to 2 grams per 3 hiers of medium (dry weight)

The bose mentionad procedure hills the treponcmes Howeser if the
treponemes are storad in the medmum i scaled ampoules and hept n
the dark at room temperature they remun Iining m 2 vedetatne state
for W Icast 3 months Although spontaneous mos cments are hardly seen
by microscopy 1n 1 culture hhe this growth oceurs ramdls when 2
subeullure 1s prepred m fresh medium Iyophiliz ition scams to hall the
treponemes oven af 1t 1s done frem a broth culturc

INMMUNTZATION O RABBITS

Preparation of V accine

1 yophilizad treponemes are suspended n siline (with 1 content of
plicnol of 0 2% per cent by volumd) giving 1+ density corresponding to
twice that of Interntional Colt Standard 8 The dry waght content of
this % weeme 1s 2 4 mg per ml The vaceinc 1s homoptnized using 2 10 ml
syringe ind 2 corse needle, ind stored in rubbere ipped tubes at + 4°C

1he v 1ecine may be prepared m 1 similar mnner nowdmg density
measurement by cilculation of the needcd amount according to the
followmg immunization scheme nd waghing 1 comvament amount of
trcponemes to he suspended m phenohized saline 1s preseribed

Imnunuzation scheme

Scrum from male rabbits weighing bout 3 Ly ts tested for reactivaty
m the Wasscrmann (CWRM) hahn (hR) wd Memiche (MR) rew
tions Only the negative ammals are used The vacemne 1s given m the
car vems m the followng manncr Lirst dyy 05 ml thrd dyy 10 ml
axth diy 10 ml and then 2 ml every sceond diy until 1 totnl of 10
mjcctions hue baen gnven 7 8 days after the Tist mycchion blood
samples are drawn from the ear vems or by haart | uneturc

Iyt shosws 2 ty preal progress of serore whions of immumzed ribhts
when scrum s mples are fested agunst eardiohpin mtigen wnd Rerler
polysiecharide antisen (3 4) Four rabbits have boen immunized by sin
mjechions of Iyophihzed Rater treponemces The e ctions arc mdicated
in the fipurc by arrows Blood sumples hwe heen drawn simult e
ously and after the 11st injection once 1 week for 6 wecl s The blood

samples have bean ey wned 1 complement fixalion fosts waith the
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THE WESTERN BOUNDARY OF ENDEMIC TICK BORNE
MENNMNGO ENCEPHALITIS
IN SOUTHERN SCANDINAVIA

Surveys 1n Depmark

By
F A FREU™DT

Recenved 28 1x 62

hnownledge concerming the geographical distribution of the Russian
spring summer group of tick horne encephalitis viruses (the RSS or
RSSE eomplex) mn Fastern, Northern and Central Furope has been
rapidly expanding during recent years It has particular beaning on the
present studs that extensie endemic areas have been demenstrated in
the terntones surroundmg the Baltic Sea the Lenmgrad district of the
USSR (7), Southern Finland (6,8,12) and Sweden (5 14,16-19),
Poland (9), and ! astern Germany (13)

Up to the present there are no published reporfs on the possible
occurrence of the RSS viruses i1 Western Germany In Southern
Sweden the frequency of cattle scra contarning RSSE antihodies de-
creases gradually {rom 2ast {o west an exiremeh low nedence of

positives heing found mn the west coast regions (19)
On thntace T PR

fac

Bco
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the western A

Lac 1w Leptesent a possible exeeption, located as 1t 1s 10
rea of the Baltie Sea about 40 km south of Sweden and
100 km north of Poland and Fastern Germans Moreover, observation
on Bornholm of apparent causality hetween tich bites and discases of
the central nervaus sustem 4CNS) was ruporied several years ago (3,4)
During the vears 1928 to 1962 survets were made nf h moam -1
animal © '
evudence

<
the RS - «> vulamned from Bornholm only, a hrief
introductors description of this island should be given
—_——— T enrirEnen
The author  — *
cellecting anir
Vhanis are du . . bepariment
<unty Hospi 4 Making availahle rvanging con
case records and
Uls i previous palients a0 o Dr 5 F Koford Cougts, Wasieer st o
valuable suggestions and assistance in providing malerial for examoation
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d and fncreasing doses
linszed mouse bram suspension [rllowed by repeate

2{{.;:‘:::{:;“ cultare virus (mreed chich embryo cells) \o overt cffect was th
served 10 the apimals .

n;‘:qmmum. of sera for tests —All sera were inactivated at 56° for 30 minutes

1stered st —20°C

A amspearf ¢ scrum inhibitors of arhar virus agglutinins were remaved for the
HI test as preseribed by Clarke & Casals (2) by adsorption to baclin With some
sera howmever fhe standard procedure using a 2> per cent suspension of kaoln
e not suflienat for the campléte remosal of non specific inhibitor and therefore
erther adsorption with hugher concentrations of kaolin or preferably acetone et

centraled rehydrated antigen was storcd m the wet frozen state in sealed ampoules
at —60° L

Techmque of the HI test —Clarke & Casals technigue was used wath a few minor
m difications The thawed antigen diluted 1n an adequate volume of bsine albu
min barate saline t gine an estimated titer of 4 8 units per 62 ml was usually
hept at +3° C for at least two or three days befire use instead of one hour as
recommended by Clarke & Casals This was done because the titer constaatly m
creased during the first few davs after dissohung after which period a fairly stable
level was maintained f r a consideral le length of ime The time required (i the
anigen tn reach 1ts maximum titer increased the higher the degree of dylution

The HI test was carried out 1n lucite plates with twofold dilutions of sera in
barate saline with pH 90 After cvern ght incubation at +4° C of the serum antigen
maxtures eq 12l volumes were addcd of a 633 per cent suspension of washed goose
ervthr cvtes 1n the dituent adjusted (o give the hinal pH of 64 1 und to be optimal
for the HSS antigens Read ngt of the test was made after the red cells were allowed
t) settle €t one hour at 37° €. in addition to the serum control without antigen
adfed which scred tn reveal apy possible non spectlic haemagglutaticn the n
clusion of the nibstor control intraduced by Salminen (11) and Salminen ef al

12 proved very useful Thes test 3 based on the fact that the non specific snhi
bitory effcct of sera which 15 apparentls due to certain hpid compleces 13 heat
resistant and can withstand bading f 1 at feast one minpte while the antibodies

1 ate sermpllat +4 G and the test proper was carried out at 37° C for ope hour
The titer was read as the highest dilution ginang at least 50 per cent snhibition of
hacmoly sis

Techmgue of the nestrali ation test —The virus neutrahzatic

n fest was per

f rmed wath ten fold serjal dilutions of virus 3gainst undiluted inactiyated seremm
19 per cent suspensions ¢! mlected mouse Yrain stored at —60° C @ere diluted 1n
PBN t) which 10 per cent nactivated rabhit serum had been added The ~erym
lated
wwere
heen
- " o T1 s UL oy Lu.,n Yistive sera were suhsequently lllra‘les
U the endp nt and the LD,y and 1rgarithm,
¢ ridims (s the methed o oy &g Lan e eutralizat on index caleulated ac

RFSLLTS

1 Surveys of Human and Ammal Sera
A summary of the overall results ohiam,
ed with the HI and n
hzation tests are shown in Table I With a few exceptions md;ca::(:r::\
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The s1z¢ of Bornholm 1s 587 square hilometres Althouph geologicalls a rocky
1sland 63 per cent of its area 1s cultivated land while 17 per cent (100 hm?) 1s
covercd by forest This s partly mixed comferous and leaf forcst with a dense
undcrbrush Roe deer were mmported into the 1sland at the end of the 19th century
and are now very numcrous Cattle | ceping 1s (xtensive but there are fow sheep and
goats Bloodsucking ticks (Irodcs rietnus) are prevalont as they arc in severat cther
forest dustricts in Denmark The population of Bornholm 1s about 50 800 but i ad
dition the 1sland 15 a very popular holidasy resort

MATERIALS AND MITHODS

Collection of blood samples —Blood samples from deer and red deer were col
lected during the hunting scason 1n the late autumn and early winter Usually, the
blood was taken from the exposed chest cavity a fow hours after the deer had been
shot Occasionally, additional blood samples were obtamned by cutting the sveins
of the nceh immediatcds after the animals were hilled since tus method vidded
less contaminated specimens It should be mentioned here howcover that although
some samples collected from the chest cavits werd more or Iess decomposed By bac
terral growth on arrival at the laboratory the serological results wath these spect
mens and with those obtained by vencacetion were ¢ssentrally identical

Blood was procurcd from cows by puncture of the superfical jugular van In the
case of birds small amounts of blood could usually be withdrawn frem the chest
cavity and the heart

Gzencrally all specrmens were recened n the Iahoratory within 24 hours after
collection

Collection of ficl's and allempted tirus wsolatton —Ticks were collected by drag
ging whitc flannel rags fixed to the end of stichs throug the grass and underbrush
Particularls high vields were obtained from lars in the forest flaor vacated recentls
by deer The tichs were transportad to the Iaborators 1n glass vials or tubes con
tatming maist grass and moss and covered with filter paper Pools of Ine ticks
(about 100 larvae 50 nymphs or 25 tmagoes) werc ground i mortars with sand and
12 ml of diluent consisting of equal parts of phosphate buffurcd saline and mac
tisated rablut serum The supernate obtained from centrifugation in the cold (2>00
rpm for 10 minutes) was used for intracerebral inoeulation 1nte suckhing and adult
mice Three subsequent blind passages of 10 per cent brain suspenstons were carried
out at intervals of 8 10 davs In a few additional experiments hatches of about 30
adult ticks were allancd to feed on suchling mice (in groups of six) far about four
to ten hours during which the baby mice were withdrawn from therr mothers After
ohservation perinds of § to 10 davs blind passages of brain material were carried
out 1 the usual manncr

Attempts were made to isolate virus from birds by intracerchral passages of 10
per cent suspensions of spleen Dner hidnevs and bram into miwe During trans
portation of the birds or therr organs to the laborators a low tcmperature was
maimntained by means of (0_ 1ce

Test viruses —Two laboratory strains of the RSS complex were emploved as test
viruses 10 the sernlogical surey  a Fouping 1l strain (11) and the (zech B3 stran
of Central Furopcan encephalitis Tindly provided by Dr 4 Stedmpr Stocl holm
and Dr F Benda Pragpue The stratns were further pr pagated i this laborators by
intracercbral passages 1n mice and storcd as 10 per cent brain suspensions 1n sealal
ampoules 10 a €O iec calnnet The diluent was ph sphate buffercd saling (PsB)
containing 10 per cent mactivated rabbit serum

Fxcpt when othawise stated the B3 stram was amy loved theoughout the present
studs for the haemagglutination mhihiticn (HD) and «e mplcment fixation (CF) tests
The neutralization test was carricd out at the bepinning, of the survey wath the IT
strain while subsequent]ls this was replaced by B3 s the sced virus

Reference serum —\ 1yophilized immunc diagne stic horse serum preparcd against
the (zech HY PR strain by the Institute of Virology of the Czech slovak Acadimy of
Serences 1n Bratislava and supplicd by Prof I Blaslorie was used as refurence
cemm Acordms t the declaration both infecticus tissuc culture fluid (chichen
Hibroblasts) and mou ¢ bram suspcnsion had been used for the immunisation proce

p
A oy aration of hyi rummune sera Shup and guinca pig hpermmune scra

agaimst the LI strawn were preparcd by the subeutancous anjcction of onc dose of
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Geographical distribution in Denmark of deer sera tested for RSSE antibodies

\umerater aumber of positise specimens

Denanminator lotal number of specimens tested from each district

On the other band, no positive sera were found among 134 specimens
collected from cattle from other parts of the country during 1958-59

Birds —A lunsted number of sera were ohtamed from birds on Born-
holm Rooks (Corvus frugtlegus) were selected for examination, be-
cause these are smd 1o he particularly hable to mfestation with ticks,
which <ometimes even form a heavy collar round the neck of the birds
The popular word used on Bornholm for ticks, “rook’s itch”, refers to
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the table, the results achiesed with these two tests were m complete
agreement throughout the survey On the othier hand, the CF test 1s not
mneluded 1n the table, because 1t was either less frequently positne or
clse 1t could not be used due {0 a prononnced anticomplementary effect

It will be seen from the table that the positive scra, whether from
man or animals, are confined exclusively to Bornholm In the following
more detailed description of the mdiidual groups, reference should be
made throughout to thus table

TABLE 1
HI and Neutrali ation Tests with RSSF Virnses

|
Bornholm | Other parts of
‘era tested —
Per o
No hY
ser1 \o positive reol:l | sera SI;‘\‘o;e
Deer 29 24+ 83 297 0
Cattle 135 1(4+2)" 3 134 0
Raoks 8 0
Forest workers 40 12 10
Cases of meningo encephalitis ete 12 8 (67) 54% 0
Other population groups 508 i 14 30a 0

* Sera positnve 1 HI or neutrahzation tests only

Anumal Sera

Deer —Sera from deer (Capreolus capreolus), and, to a lesser exient,
from red deer (Cervus elaphus) were chosen as principal screening
matenal, because these animals are known to be heavily nfested with
ticks from early spring to mid-autumn

Among 29 samples of deer sera from Bornholm, both HI and neutra-
hzing antihodies were demonstrated i no less than 24 cases, te an
mncidence of 83 per cent A further three sera were positive in one test
only The indinidual titers are shown in Table 2 Among 12 sera that
were not anticomplementary, CF antibody was found m onc sample
only (No B 3), to a titer of 8

In striking contrast, all the 257 sera from deer Gincluding 10 red
deer) collected from other paris of Denmark tas shown in the map
Fig 1) werc completely negative

Cattle —The mcidence of positive reactors in cattle from Bornholm
was much lower than among the deer Out of a totil of 135 sera both
HI and neutralizing antibodies were demanstrated 1n four and neutra-
hzing antibody m a further tno cases only It should be mentioned tha!
two of the positne sera were obtaimned from a particularly selected
group of 19 cons representing two herds which were hnown definstely
io he seasonally nfcsted with ticks Moreover, the tick borne protozoan
disease, Puroplasmosts or Babesta, had previously hccn_ observed 1n
catile grazing n that parficular district of Bornholm (13)
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Fig 1
Geographtcal distrihutian 1o Deamark of deer sera tested for RSSE antibodies
Numerator pumber of posiive specimens
Denominator total pumber of specimens tested from each district

On the other hand, no positive sera were found among 134 specimens
collected from catile from other parts of the countrs during 1958-39

Burds —A hmated number of sera were obtamed from birds on Born-
holm Roohs (Corvus frugtlegus) were selected for examnalion, he.
cause these are said to he particularly liable to infestation with ticks,
which sometimes even form a heavy collar round the neck of the birds
The poputar word used on Bornholm for ticks, “rook’s itch”, refers to
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this observation However, only one tick was found in one of the cight
young rooks examned, and HI antibodies could not be demonstratcd
i any of the sera The amounts of serum were too small o permit the
performance of other tests

TABIT 2
Deer Sera from Rornholm
HI and Neutralizing Antibody Tilers against Czech B3 Virus

Serum Serum v
o l nr J Tog Ng J jobsy ; ut ’ Log N

B1 20 29 B17 80 10
B 2 80 11 B18 20 09
B3 80 23 B9 80 22
B4 80 21 B 20O 10 g
B 5 40 41 B21 20 33
B s 20 33 B22 320 39
B 7 80 37 B23 20 Al
B 8 40 31 n24 20 neg
nio <10 27 B25 80 27
B2 160 19 B26 40 19
n1s 80 30 B27 80 22
B13 40 ig B28 20 29
B15 160 22 129 80 15
B16 40 25

Sera collected November 1960

Human Sera

Cases of infecltons disease of the central nervous sgsltem (CNS) —In
the course of the present imvestigations no acutc cases of tick-horne
menngo-cncephalitis i Bornholm happened to come to our atlentton
However, of the 79 patients admitted to the County Hospital of Born-
holm with a diagnosis of acute memingo tncephahtss during the ten-
year period 1951 60, 12 (ncluding the three forest workers mentioned
helow) were selected for a retrospectine serological study carried oul
i December 1960 As will be seen from Table 5, HI and neutrabizing
antibodies agamnst RSSE virus were present i fairly hugh titers in eight
of these persons, wlile CI' antibody persisted i five cases

A total of 717 sera were obtainad from the rost of the country during
the period June 1958 to carly May 1962, from 545 pationts with tenta-
tive diagnoses of acute, subacute or chronie meningo cncephalitis, se-
rous meningitis, poliomychtiy, polyradicubtis, and athcd conditions
paired sera were provided i about one-third of the cases, and nearly
halfl of the remaining cases from which only one spcemmen was avaithible
were defimitely known fo have Jastcd for at feast 14 days This matcrsal
orignated from ali parts of the country, although the majority of the
sera were obtaincd from the Department of Communicable Discascs,
Blegdamshospilalct, Copenhagen, and from the Department of Neuro-
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lngy Mumepal Hospital Arhus The Iatter secees patients from most
of Jutland ot one of these sera contmined BSSD antibady

Forest workers—Sera were eollected . December 1960 from {0
Torest warkers and other persons who on account of thewrr professton
were jarticutarly exqosed to tick bites wt the forests of Bornholm the
magority for several years Serologieal evidence of presious confact
with RSSF 1yrus was found m 12 (30 per cent) of these persons {Table
21 20l of whom h1d hoth nentralzng and HI anbbodies The CF test
was posiline less frequently although 1n one person a tier of 128 was
demonsirated The latter was shil convaleseent from a ease of acute
mmnko cneel halitis the onset of which had occurred fess than six
months eaglier Two other [ositive forest workers had heen admitted to
hasg stal with a diagnosis of acute memnglo cncephaittis three and seven
vears previousty These eases will bhe descnthed 1 more detail together
with other cases hsted 1n Table o

TARLE 3
Forest Workess el from Bornholm
t{ F aad \eutrol nq An! body Titera age nst C ech B3V rus

Serun t Age } Hi 3 ¢F i W
Sk 8 Y] 0 o

ko8 <« 1 ] g 1
KA 1% 30 ] 33
Sk 20 36 160 3 21
Sk24 54 320 16 36
Sk 25 53 180 1 n
Sk 28 51 80 ¢ 31
Sk 29 62 40 0 ®5
Sh3o 3% 30 2 30
:: gi 60 160 2 27

87 z

s a 140 0 25

z
g
I3
&
@
2

Sera callecte 1 D cember 1960

Blood samilcs from forest sworkess were not collesled from other
1arts of the country because the results ohtamned with deer sera did not
rn:;)’\':r e thtl rather difficult collection of such matetsal

er papilation grouy s —ab8 residents of Bornhol
Tired samy les were seat to the Statens Seryminstitut nnlgt-;{:-]::h:‘rhs:]
semlex 1961 for the performance of toutine serofogieal tests (W asser
mann ele ) were chasen 1o represent at 1 1er cent random sample of

!‘]Ld 1;;01:1[; op Tlauon qll the 1sland Ttus group conswsted of 202 males
n b females and the majorits 2+ 70 per pent
[
siduals erthee Blood donors oy pregnont ‘([:vf"f: "'L“ e hra:l:i l\ndr‘
1) were
1ges ran

20 to 50
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this observation However, only one tick was found n one of the eight
young rooks examunced, and HI antibodies could not he demonstrated
mn any of the sera The amounts of sertim were too small to permit the
performance of other fests

TABLY 2

Deer Sera from flarnholm
HI and Neulrahizing Antibody Tuers aqamnst Czech B3 Virus

Serum u ' Tog \I Serum [ nt Tog \I
B 1 20 29 B17 80 10
B 2 80 31 1318 20 09
53 80 23 B19 30 22
B 4 80 21 B20 10 neg
B 5 10 73 821 20 33
B 6 20 33 B22 320 39
B 7 80 37 B23 20 33
B 8 10 13 B21 10 neg
l 10 <10 29 B2% 50 27
B2 160 19 B26 40 3¢
113 20 30 B 27 80 22
B14 10 38 B 28 20 29
515 160 22 529 %0 35
B16 10 25

Sera collceted November 1960

Human Sera

Cases of wnfectious disease of the central nervous sysfem ({ NSj —In
the course of the present imvestigations no acute eases of tich-horne
meningo-cncephalitis 1n Bornholm happened to come to our attention
However, of the 79 patienis admitted to the County Hospital of Born-
holm with a diagnosts of acute memngo-encephahtis during the ten-
sear period 1951-60, 12 (including the three forest workers mentioned
below) were selected for a retrospective serological study carried oul
i December 1960 As will be seen from Table 5, HI and neutrahzing
antihodies aganst RSSE virus were present in fairly high titers wn eight
of these persons, while CF antibody persisted in five cases

A total of 717 sera were obtamned from the rest of the country durmg
the periad June 1958 to early May 1962, from 345 patients with tenta-
tine diagnoses of acute, subacute or chronic menmingo-cnceph thiis, se-
rous meningitis, poliomyehtrs, polyradiculitis, and allied conditions
Paired sera were provided 1o about one-tlurd of the cases, and nearly
half of the remamng cases from wlich only onc specinen sas available
were definitely hnown to have lasted for at least 14 days This materiil
orignated from ail parts of the country, although the majonty of the
sera were ohtamed trom the Department of Commumcable Diseases,
Blegdamshaosptalet, Copenhagen, and from the Deparlment of Neuro-
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he remamntng tWo persons
the hospital records of six patients and {

defmitels claimed when interrogated mn 1960 that thev remembered
hasing beent hitten by tichs prior to their illness ‘The intersal belween
exposure and onset of disease ranged from a few days up lo bwo weehs

TABLE 5
Retrospect Serolog cal Survey of Cases of Memngo Encephal is in Bornholm
$p nal Ant body titers 1960
serum 5 N s ‘ Pnser T (PR g ot o
o 5o ex of d sease Bes {equme | (S0H, H CF log\I
5h38 43 male 1933 July o7 e 20 [N
F403 36 female 1957 July 4+ — 763 2260 2 40
Fi07 48  temale 1937 Juhy + ¢ 2963 610 8 32
E403 36 male 197 Avgust  + 4+ 393 320 0 34
Fi0 33 male 1%7 August  + 4+ 2083 320 4 30
Sk 9 38 male 1957 Angust + 7 123 10 o 24
Fil 43 male 1958 fugust  + 2 153 160 5 34
FHL19 male 1960 July + 4+ 5183 160 128 32

Sera collected December 1360
Age of patients refers to the vear of disease

At least four eases had followed a tuprcal hiphasie courde  an wutial
feversh nfluenza like phase of ahout one week s duration succeeded
b a relatnely symptom free interval of two or three days before the
oceurrence of 1 seeondary hugh fise of tempersature accompanied by
svmpfoms from the CN\S In the apparently monoj hasic ¢ases these
svig) toms ] resailed from the 1 They were ¢ terized b
severe and pervistent hendache peniorbital and reirobunibar tenderness
romiting verigo nigidity of the nech and back hernig s sign msalgia
and (16 one c1s¢) msommia Bilateral Babinsla s sign was observed m
one jatient and paresthesia of the fingers of the right hand followed
by the development of transient paralysis of the arm and shoulder
region oceurred n another case

‘The spanat flard showed a shght fo moderate increase of predomimant
Is mononuclear white cells and mereased content of protemn The ery
throevte sedimentation rafe ranged from 8 to 40 mm per hour on ad
mission to hosptat

In addition to the cases recorded 1 Table 5 one of the persons
included 1n the surves of the general population of Bornholm (Zable 4
No 318) the voung gl mentioned above probably suffered from the
serquelae of 5 yld attach of menmgoe encephalitis since tugh titers of
antibodies ngainst RSSF virus were defected aceidentally m a blood
~amj de submitted for other purposes The supposifion that the antibody
tUlll\:‘ w has patient was 4 response Lo a recent infoction was further

by the 4 of a subsequent rapid dechine of
y \lthough no examination of the spinal fiuid was made

the HY antibod
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TABLE ¢
Non-Selected Reswdents of Bornholm
Incidenee and Titers of HI, CF and Neutralizing Antibody agamnst C-ech B3 Virus

Total no of persons tesled Poutive reactors
No |Napo| Fer [, \ntibody titers
e po| Fer | qerum | 3
J sera | sithe S| o & nt 1 log M
Females 306 3 10 18 45 50 4 34
318 18 1290 64 29
342 50 320 § 39
Males 202 il 20 5 29 20 s 42
127 50 640 8 39
275 15 160 ] =42
388 76 80 31
Totals 503 7 14

Sera collected September Noyember 1961

The resulls of the serologieal survey are presented in Table 4 A total
of seven positine reactors were found, ¢ 1.4 per cent, with a distribu-
fion according to sex of 1 per cent m females agamst 2 per cent
males In adiihion to lugh hiters of HI and ncutratizing anhibodies, CF
antibody was demonstrated mn all exeept one case which was not
cxamined by this test Parhicularly ugh titers were found in the serum
(No 318} of an 18-ycar-old female who had been admutted to hospilal
with symptoms of an mnfectious discase Two subsequent blood samples
from this patient obtained two and s1iv wechs later showed no change
of the antibody level wath the CIM and neutrahzation tests, while the 111
titer decreased from 1280 through 320 lo 160 m tests carried out simul-
tancously with all three specumens Lxeept for thiy patient (sce below I8
no mformation was provkled by the sero-posilie persons mn this
group concermmg previous hsease resembling elmeally  mfechions
caused by RSSE virus

For companson, 303 sera were collected in Aprl May (Nos 1-102),
and in August (Nos 103-305), 1961, from blood donors in Copenhagen,
who aceording to specific inquiry had never heen to Bornholm Al of
these were completely negatine

2 Cluucal Picture of Cases of Menungo-Encephalitts on Bornholm

In Table 5 a brief summary 15 ginven of the available clinteal data
concerning the aight cases of meningo-cncephalitis where RSSE anti-
bodies were demonstrated by a retrospeetine survey carrd ovl from
a few months and up to seven years after the infection

All of these cases had occurred i the months of Julsy and August
Mention of tich-bites shortly before the onsct of discase was found 1n
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The results of comparative CF titrations of hoth human sera and l;;
hvperimmune sera from sheep and guinea-pig agunst the Czcclh I
and the I nghsh LI strams are shown m Table & (The Czech horse
hypersmmune serum was unsuitable for the CF test) The figures 1n
the table show a defimie tendency throughout the expersment towards
higher tifers 1n the human sera when tested against the B3 antigen One
pathicular serum (No E 411) shows a 16-fold dilference, conhrmed n
repeated experiments, in the reactivity agamst the two antigens The
fact that both of the two LI hy perimmune sera yselded lower titers w ith
the B3 than with the homologous antigen would seem to exclude the
possihity of a slightly different adjustment of the expersmental con-
ditions as a likely explanation of the dnverging results obtamned n the
parallel tests

Sinilar resulis were obtamed mn cxperiments performed with the HI
test, nsing sera from deer against four umis of each antigen (Table 7)
As a general rule, significantly higher titers were found with the Czech
stran In eross tests hetween the two different antigens and their cor-
responding hyptnmmune sera, the homologous systems provided the
Ingher titers

In comparative neulralizalion tests carried out with a limted number
of field sera, neither of the two {3 pe stramns was conswslently neutralized
1o a hugher titer than the other As a matter of fact, the neutralzation
mdices obtained aganst the B3 strain differed from those found with
the LI stram within the fairly narrow range of 01 to 05 logs enly On
the other hand, with the exception of one case (perhaps due to experi-
mental error) in repeated experimen’s the hyperimmune sera neutra-
lized therr homologous strams to significantly higher tiers than the
Neterologous, with a difference of 06 to 21 logs (Table 8)

TABLF 7

Comparative I Titrations with Deer and Hyperimmune Sera agatnst 4 Lnis
of Czech B and LI Antigens

Serum Hititers Serum NI lters

fo B LI Ll I
B1 20 <10 B 19 80 2
B3 0 0 B 29 10 <1g
L6 20 <10 B 21 20 <10
b7 80 20 B 22 320 9
LR i <lo B 23 20 10
B 12 160 an B 23 2 10
B 13 80 50 B 26 10 1
N 40 <10 B 27 80 10
B15 160 40 B 29 P 10
xx 16 40 <10

b 17 &0 20 LIF46* 40

s 20 <10 HYPRHY 1280 323

% 11 sheep hyperimmune serum
§ Laech PR horse hyperimmune serum

7 actiean 57 1
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and no neurologieal signs were noted on ehnieal examination her symp
toms on rdmussion to hospit il—fever of unhnown anigin togcther with
severe headache—would seem to be compatible with the diignows sug
gested The easc 1s mentioned here to illustrate 1 chnieal tvpe of RSSI
nfection that 16 hnible to espiec wtiologic drignoss

3 Allempled Vuus Isolation

Acute phasc matertal from patients suitable for sirus solation
{blood ind spinal flurd) were nol nailable dunng the course of the
present imvestigations

A total of 630 hungry ticks (Ixodes rictnus), including 113 hinvae
353 nymphs, nd 164 1magocs (79 males and 85 females) werc collccted
it v arous periods durmg the summer and ¢arls wiumn of 1961 m the
forests of Bornholm However no virus could be solated from the ticks
cither by conventional mouse brun passages of ground maternt or by
lowing ine ticks to feed on suekhng nuec

Since 1t 15 suggested m the literiture (10) thdd birds mas serve 2§
chromic reservorrs for arbor viruses attempts wore also made to 1ol
RSSE virus from the spleen lIiner hadnevs  wnd bran of 12 rooks
(Corvus frugidegus) md one Jackdaw (Colens monedula) Thesc (xpent
ments were lso negatine

% Comparatwe Tilralion of Posttwe Scra aganst the B3 and 11 Slrains

Swce woliton of virus from tiehs was cntirddy unsuceessful

ipproach to defiming the rddationship of the responsible virus on Born
holm to known sub groups within the RSS complex must be based on
cross tests betwoen type strans of the RSSEIT viruses nd positne
field sera

TABIT 6

Comyartue €1 Turity ns with Human an! Hyj erymmune Sery wgamst 2 Lrts |
€ ch B3 anlII Antigens

Serum oot

ro B3 n
Fam 2 0
F 104 8 2
1407 8 R
1 110 4 0
4 128 8
Sk20 8 0
Sk 24 1 8
Sk 2r 3 0
Sh32 2 0
Sk 33 2 t
Sh 32 2 0
LIF 4 1 32
113a 11t 32 €4

11 steep hyler mmune scrum
§ 11 gumea pis hy1crimmune serum
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of persisting maternal antibody can probably be ruled out at lh;lllnic;
this obsersation suggests a faurly massne exposure to infected e
Ty Life

“ ’;'2:\31\31 extent, then, does RSSE virus cause chinieal discase 1n man
1 Bornholm®

As mentioned jn the mtroduction, the obsersation of an apparent
causality between tick-bites and disease of the CNS n Rornholm was
made many years ago The possible aetiologieal mmplication of tick»
borne encephalitis virus was even considered m two cases of polynenurn-
tis and cncephalitis published by Dalsgaard Mielsen {3), and Dolspoard-
Vielsen & hierhegaard (4), who, however, coneluded that an allergic
response to the tick salinary secretions was a more likely explanation
for the C\S symptoms  As a matter of {act, certamn peehar clhiacal
features such a the desclopment 1n one of the cases (4) of a widespread
migratory chronic erythema from the site of the fich-Inte, might sug-
gest the imolvement of atlergy ot hypeesensitiats i the pathogenesis
of these particular cases

On the other hand, there 1s ittle doubt that the pight cases of menin-
go-encephalitis described in the present study werc actually caused by
RSSE virus Although the serologieal diagnosis 1 entirely based on the
results of a retrospective suney whieh did not allow the examination
of paired acate phase and convalescent sera, there 1s at least complete
agreement hetween the presence of antibodtes, the history of tich-bites,
and the chinieal and laboratory findings, as well as the course of the dis-
e1se The general elinical picture of the Bornholm cases of meningo-eh~
cephahitis as a relatinely mild disease with a tow frequency of severe
nearotogic svmptoms followed by complete recovery with no sequelae,
1810 far accordance with the chinical data reported from Sweden and
Fuinland

Undoubtedly, a number of cases of RS infections 1n man csther do
not develop symptoms from the CNS at all, or else are not sufficiently
distinct to be recognized as such, as (llusteated by one case wn the pre-
<ent matesial

Daturfly the ratio of chnieal cases of meningo encephalitis 1o cases
showing influenza ke symptoms only, or te mapparent nfections, can
ot be determined, on the bavis of the avalable materal from Born-
holin However, the uceurrence of no more than three recosmized enses
ol meningo-encephalitis among 12 sero-positive forest workers suggests
that the incidence of more serious disease 15 relatinely low

The total morbidity among the population of Bornholm, 1 terms of
climielly manifest cises of tick-borne memngo cncephalitis, 15 also

obscure although a rough estimade of maamum figures ean be dedyced
from the mformation avarlable concerny
of h

T
Durning the 10 ye:
nmgo encephalibis,

ng the total number of cascs

hitts found wn B
ar peried 1931-60, o total of 79 cases of acule me-
meluding 62 males and 17 females, were admtied to
H
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TABLE 8

Comparatiwe Neutralization Tests unth Human Deer and Hyperimmune Sera
against Czech B3 and L1V iruses

Surum no Tog NI

@

L 104 29 34
r 35 32
Sk 8 22 21
Sk 9 26 24
B2 29 31
B 14 28 33
B 15 32 217
LU 45 28 42
" 22 43

» 22 =37

I PR/HS 50 >~H
" 10 40
18 38

* LI shaep hyperimmune serum
§ Czech HYPR horse hapenimmune serum

DISCUSSION AND CONCLUSIONS

The mim of the present study was to deiermine whether any actty
of encephahtis virus of the RS$S-complex could be demonstirated
Denmark as neighbour to the eastern endemice area

Although no virus 1solations have heen achieved up to the present,
the demonstratien of HI, CF and neutrahzing antibody in a number of
human and ammat sera from Bornholm prosvides convineing evidence
that this island represents an endemie focus of nfection caused by
tich-borne encephalitis virus

The antibody rate of 14 per cent found n the general population of
Bornholm 1s about the same level as the one recently demonstrated m,
for example, south-castern areas of Finland (6), though notably lower
than the one reporied for other regions such as the Finmish Aland
arclupelago where the average rate 15 13 per cent (12)

Among the ammmaly examined, the mnctdence of positive reactors found
in catile (3 per cent) was close to that found in the human population

However, neither the low antibody rates shown by these two groups
of sera nor the failure to 1solate sirus from tichs and othcr sources,
would appear to provide a truc preture of the full extent of the RSSE
virus activity on Bornholm  Actually, the extremely frequent occurrence
of antibady m particularly exposed groups of humans and anunals,
such as fprest workers (1n 30 per ecent) and decr (1n 83 per cent), clear-
Iy shows that tich-borne encephalitis virus 15 indeed very presalent m
I'}ornholm, thus providing a not mconsiderable potential risk of infec-
tion In thus connection 1t might be mentioncd that there were at least
five six-months-old kids among the positive deer Since the possibihty



101

also observed, though to a less marhed extent, 1n different districts of
Southern Sweden (19) Although i some places cattle graze near lo
trees and bushes, for instance m small enclaves hordering on forests,
the majority of the cattle 1n Bornholm graze in open arable fields that
are only occasionally infested with ticks The finding of two positise
cos out of 19 (1e 10 per cent) from selected herds known to be sea-
sonally infested with ticks provides some evidence n support of this
explanation

From these ohsersations the ¢conclusion can he drawn that the value
of cattle sera as basis for study of the geographical distribution of tick-
borne viruses 1s hughly dependent on local conditions While very useful
for instance m extensive areas of Sweden and Finland, serologscal sur-
veys hased solely on matenal collected from cattle might he very mis-
leadmg 1 typreal agncultural countries hke Denmark

To the hnowledge of the author, very few detailed reports hase been
published regarding the study of deer sera for RSSE antibedies In
Czechoslosakia, CF antibody was demonstrated in one, and neutrahzing
antibody 1n four, out of 16 sera from deer and related species (1) Ne-
gative results were reporled from Last Germany, but the numhber of
sera 1s not mentioned (13) However, as shown by the Bornholm sur-
1ey, sera from deer would, like sera from other wild animals more or
less constantly confined to woodland, appear to reflect quite sensitively
m any conditions the posaible endemic occurrence of tick-borne virus
miections

Therefore, when discussing the significance of the cntirely negative
results obtained with a vamiety of sera from hy far the greatest part of
Denmarh, particular emphasis should be placed on the ahscence af
RSSL, antibody in a total of 257 deer sera representing most of the
larger forest arcas of the country (cf Fig 1) 1t should be added that,
on the whole, Frodes ricians 1s Just as prevalent m these areas as in
Bornholm

It can finally be conluded that at present the whole of Denmarh,
except Bornholm, 18 outside the castern endemic area of Contsal Frrn.

Ynan bt

=+ v suun g proncunced decrease of the rate of RSSE
towrds the western coastal regions of Southern Sweden

Fulure ivestigptions, i, Deanmanl, waght tunimivotie o solving the
interesting and important problum as to whether or not the endemue
zone 1s gradually expanding

antthody

SUMMARY
Using haemagglutination inhition, complement fixation, and neun-
trahization tests, a studs of the occurrence of antibodies aganst the
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the County Hospital of Bornholm The annual number of cases vaped
from 1 to 18 On the hasis of a cautious evaluation of seasonal occur-
rence, chinical course, spinal flwd findings, ole, a maximum number
of 39 cases (neluding the eight sero-posstive persons) may have heen
caused by RSSE viruses This figure would not scem to need any signt
ficant correction due 1o the possible crroncous diagnosis of some ¢ 1s¢s
of fick-horne meningo~encephalthis as polio, since apart fron a total of
133 cases of polio dunng the big ¢pdemic 1n 1952.53, only two addi
tional eases were recorded i the period 1951-60

‘The conclusion s that tick-borne menimngo-encephahbis in Bornholm
would not appear to represent a serious problem at present, either from
epidamiologieal or chmical points of view

The endenue focus of RSSIE encephtalitis thys demonstrated m Born-
holm should he seen, of course, 1n 1ty proper perspeetne as part of the
vast endemic area surrounding the Baltic Sea In this connection, it 15
of mterest to note that judging from the results of the CF and HI tests
with field sera, the virus prevalent in Bornholm 1s more closely related
to the Central Iluropean group of viruses than to the LI virus Thisos
n accordance with the results obtamed by von Zetpe! & Svedmyr (17}
who 1 box titrations with a pool of Swedish comvalescent sera agunst
antigens prepared from the LI and Czech HYPR stramns found four to
cight times hugher serum titers with the Latter 1hese authors also found
a tendency to shghtly higher fifers agamnst the HYPR strain i cross
neutralization tests usig the serum dilution techmique Their rosulis
were further substantiated by the antigenic analysis of Swedish virus
strams subscquently 1solated by von Zeypel (16)

The fact that Bornholm has beun proved to helong to the wll-hnown
(ndemue area of ¢ncephalitis m Central Lurope 1s anly one aspect of
the present study and perhaps the lcast interesting sinee, on the whole
its adds very hitle to our knowledge Greater mportance should pers
haps be attached to the fact that not one smgle positine result was
obtatned by examimation of a fatrly large number of animal and human
sera, tneluding many s unples from cases of acude menngo-encephalils,
from other parts of Denmark

However, n order to evaluate properly these negatise resulls, it w m
be of interest to consider the vahdity of sera from different sources as
sereeming materiil Though unnccessary to pont out the obvious sig~
mificance of sera from cases of memingo-encephalitis, a few comments
Jhould be made on the use of cattle and decr sery 1 indicators of 2
passible activity in nature of tick-horne viruses

Actually, the nfrequent general occurrencc of RSSE antibodics m
cattle from Bornholm iy remarkable compared with the high frequen-
cies found 1n south-castern regions of Sweden (19), ind tn some arg s
of Fmland (6), Poland (9), and Czichoslovakiy (1) The explanmition
apparcent diserepancy should probably e seught n the -

for this
ffercnt grazing conthtions on the exposure to hich-ntes

fluence of di
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Oher Blom \  humhage disease Ana Med Fxpcr Fenn 35 309 1956

Pr esmycht F Tagtsch Z W J
natural focus of nnceph-lun in the Pulzrza Bial m |eskn national park
3 nfect Dis 106 276 1960

Reetes W € Oversuintering of arthropod borne viruses Progr med Virol 3
59 1961

Safminen A Haemagglutination with tick borne encephalitis viruses  Acta
virol (Fnglish ed) § 17 1960

Salmtnen 4 Friksson 4 W & Oher fifom \ Haemagglutination mhibiting
. P 1ch
. .12
Svedmyr 4 von Zeipel G Holmgren B & Lindahl J Tich hnrne menimngo en
cephalomielitis 1n Sweden Arch ges Virusforsch., 8 263 1928
Vind R Personal communicatt n 1960
von Zetpel G Isolation of viruses of the Ruseian spring summer encephahtis
louping 111 group from Swedish ticks and from a human case of meningo
cncephalitis Arch ges Virusf rsch 9 460 1959
von Zewpel G & Svedmyr 4 Growth of viruses of the Russian spring summer
usf rsch & 370 198
ton f Tick borne meningo
ven raphical distritution sn

Sueden of viruses bel nging to Ahe Russian spring summer Jeuping 1l
group Arch ges Virusforsch 9 449 1959
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RSS complex of encephalitis viruses was carried out on sera from ant
mals and man collected in different areas of Denmark

Ividence of RSSEZ virus actinity was obtamed from one area only,
vz Bornholm

A lugh mceidence of positive reactors was found 1n forest worhers
(30 per cent) and n deer (83 per cent), te n selected groups partt
cularly exposed to hick-bites

The antibody rate i the general population was 1-2 per cent

In a retrospective study of sera from a himited number of persons
who had been admitted to hospital m recent years with a diagnosis of
acuie meningo-cncephahtis, antibodies were demonstrated n eght
cases, all of which had a history of tich-bites shortly before the onsct
of the disease

The results of comparative HI and CF hiration of posiine sera
aganst a Loupmng il and the Czech B3 strain suggested a closer rela
tionship between the responsible virus in Bornholm and the Central
Luropean, rather than the Louping 11l group of viruses

Altempts to 1selate virus from hicks and hirds were unsuccessful

The sigmficance of the negative results obtamed with a great num
ber of sera from other parts of Denmark 1s discussed

ADDFADUVM

A prehmmary survey of the possible occurrence of HI antibody
against Group & arbor viruses, usig a Sindbis stran as test virus, was
made with 357 sera from cases of menimngo-encephalitis, ete from the
whole of Denmark In addition, positive sera from Bornholm were also
tested with the Sindbis antigen (at pH 6 2) 1 order to provide further
proof of the specificity of the haemagglutination inhintion agamst RSS
virus found with these sera However, the resulls were completely ne-
gative

RIFTFRITNCFS
1 Rlastovie D (I ditor) LEpidemia Focefalitfdy v Roziiayvskom Prirodnom Chnt

shu Nihaz Vydavatelstio Slovenske) Akadémic Vied Bratislava 1924 (i
Czech with an Inglish summary )

9 Clarke D H & Casals J Techmques for haemagglutination and haemagglu
tination nhibition with arthropod borne viruses Amer J trop Med Hyg

7 561 1958

1 Dalsgaard Vielsen T Polvradiculitis cfter shovflathid Nerd Med 35 1754
1947
4 Dalsgaard Mtelsen T & Kterhegaard 1 Allergic meningitts and chronie crvthma
mmgrans Afzchs after bite by Ixodes redusius Acta allergol 1 J88 1948
5 e -7 reoec ~ = ¢ “lich borne mepingo ¢n
w3 507 1959
6 . 1cal distribution of 1
I xper Fenn 39 316
e 1 Sulkh 1 0! & Churil 1 {1 The character of bt
snetsova R ukhomlinot a urtlot a
7 huznelnon haliis 10 the Leningrad oblast J herobiol  Lpide

hasic mcRINgo LNCFP
l'r’l'u«)l & Imm Biol 31 262 1960
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trated toxolds, polyvalent vaccimes) The medium was distributed aseplicalls im
mcdl:(:l\ hcforz u)sc into tubes (14 X 100 mm) with 5 ml 1n each, after which
¢otton plugs were mserted This 1s subsequently referred to as the test medium

Common filtered broth was used for propagation and dilution of the cultures

Inoculum —23 hour broth cultures incubated al the appropriale temperatures,
acre diluted so as 1o gne a final concentration of a few thousand organisms per
m? when 01 ml of the dilution was added to § ml of the test medium

Incubation —The Pseudomonas strains swere incubated at roam temperature
(about 20° C) and the other strains at 37° ¢

Qbser(ation for grototh —The experimental tubes were chserved daily for macro
scopte growth and when possible countmng of viable argamistos by platng was
ST o .

tube was diluted sn 15 ml of
was then poured nto a stenle
pe was placed at the appropriate

m .

wactner with 50 ¥ per ml (==11X 104 \) and 100y per ml (=22 % 104 ), were
chasen for the expertments In our products thiomerosal 15 used in a concentrating
©f 100y per ml (==25 X 1074 V1) and this concentration together with 25t per mi
(=52 % 10%M) was imestigated where the experimental conditions permitted
(see below )

Fralugtion of the methods used —It was essential to establish whether the resi-
dual concentrations of the preseratives 1n the broth agar in the plate countig
DAL e 1able orgamisms trans.

fier plating is 1-1n 150

. Y per ml, respectively

. ns most sensitine to

 tus et slapn atbus was not inhibited by 1y per ml whea

g1own on broth agar which means that the number of colomies on the counting

plates actually expresses the number of viable organtsms transferred from the test

medium Thes any reduction as comparcd to the tmtial number of bacteria in this
mcdium reflects & hacterieidal action of phemerol

Simtar preliminary experimente w th ekt —
broth agar ehrasme 1 lam = 4, | . .

viable arganieme o the dae
. .
we PR - .
ox .

. ' wauid iy of thiomerosal was obtained by d

it serially in the test medum  moculatin ed by diluting
T 5 the tubes wi

and Incu em at the fromth o 2 (g Sovsand bacteria

material fram ae b o A

RFSULTS
Phemerol The antibactersal eff i
Tor Theay expert cffect of phemerol on the sirains sefected

ments can be seen from Table 1 In a concentration of



FROV THF SERUM AND TO\OID DEPARTMENT, STATENS SERUMINSTITUT
COPENITAGEN

EVALUATION OF THEL ANTIBACTERIAL EFFECT OF
PRESERVATIVES, WITH SPECIAL
RLTERENCE TO PHEMEROL AND THIOMLROSAL

By

PovL 1o CHRISITNSIN
Recened 281x 62

Various procedures have been destsed for evaluation of the achivaiy
of different antibactertal substances (cfr the sun oy of Reddesh 1957)
However, most often the experimental eondifions deviate greatly from
those presailing in the environment where the action has to take plice
Generally the substances are imvestigated 1o media which are optimal
for the growth of the test organiems, and with nocula far exceeding
those that can be cxpected to contaminate biological or pharmaceutical
products under what are mmtended to be nseptical conditions of prepar-
tion 7 he sclection of test organisms also aften secms to be tnadequale
n relation to conditions of use

Therefore, the results obtamed can only give hauted informalion
about the practical value of an antibacterial substance—a fact that
has been repeatedly emphasized nn the Iiterature on this subject (cfr
Reddish 1957}

Since imformation was required concerning the antibcteril activaty
of the quaternary amumonium compound, Phemereol® (Benzelomuin
chloride), when used as a preservatine for a apecial vaccine, an experi-
mental technique was adopted which conformed belter to the conditions
under which the substance was intended to act than the procedures
generally rccommended

For comparison, another prescrvating, thiomerosal ¢Mcrthuolatc®),
with better hknown antihacterial qualities, was mcluded 1n the expen-

ments
MATFRIALIS AND M1 THODS

Test cultures — The £llowing badderial strams were used to study the antibac
terial activits  F colr I amitratum  Alc faccalis Protcus vulgans Ps acruginess
11 strains) P> diminuta By maltophilia Ps fluorescens hichsiclla Shigetla son
nei Salmonclla paratsphs B Staphilccoccus albus Staphylacocens aurcus (10
trams) B cereus and B subtilis These strains have cither heen alated during
stertlity testing of products from this Institute are traditionally incdduded an ex
periments of this typc or might be cxpected to present special problems

Media —Physiologieal safine contaiming 1 per cent of horse serum was used for
the cvaluation of the antibacteral cffect This mcdium 15 rather similar to the
hiologieal products for which the proscrvatines were antended to he used (concen
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whether (s reststanee 1s specific for stram Mo 330 or “hc:lh:; it s
¢haracteristie for the Pseudomonas aervginosa group as a who! il
For this purpose, ten cultures of Psendomonas aeruginasa sc e: ;5
at random were mcubated at 20° € i the test medmm con\?m;n,‘, 2
and 100 y of phemerol per mt ‘The resulis can he seen 1n Table . n
concentration of 23 y per ml, phemerol snhimted to some c‘lc?l oif ten
cuttures, but was not able to destroy any of them completely With 100y
of phemerol per m} might stsms showed no organisms. and two strams a

few after 48 hours The latter, however, had disappeared after a further
few days

TABLE 2
Antibactersal Effect of Phemesal ard T) Ve pe
Aeragtnosa Stratns

Iy Agatnst d

Concentranon

stelano Zym 1004 mi
Phemerot Thwomerosal Ehemerol ‘Thiomerosal
30 o« 0 o o o
660 p 1023 o [ ]
61 oS e s o ¢ ¢
62 « 1022 b 3 I
663 ey 1034 1 3 0
664 s 1023 0 0 4
665 o 178 2 0 o
686 < e ? 2~ o 14
667 0o 128 a o 0
668 o 021 G 1 8
669 pos 1034 1023 0 13

The figures ind cate the numwber of viable hacterta in 01 ml of test medium 13
hours after 1nocnlation
* No vishle organisms after 5 davs confact

Thus, none of the Ps aeruginosa strams could he destroyed by phe-

merol but stram \o 330 showed 4 rather pronounced resistance to
phemeral {and also to th v

)
In the test medim at 4° C this conce

n wtion of 25 y per mi
ntration took ten days to destroy
ore than 98 per cent of the cells of No 340 However, if the concen-
teation was doubled the pseudomonades were hitled withun one day
Thaomeromt As mentioned fhe plate counting method could he used
to evaluate Whe aptbactera) actnaty of thomeresal for the Pseudomo-

ns acruginosa group The results of these experiments are shown
Table 2 together sath

thase of the phemerol ecperiments In a concen-
trition of 25y per ml thiomerosal kilted completely all the organssms
s eight out of eleven cuttures within fwo to five dass, one strain was
Parthiatly ihitated and two steans not mhibited at all In this concen-

traton thiomerosal had generally speaking a stranger antibacterial
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25y per ml and at the appropnate growth temperatures, phemerol
exerted a total bactericidal effect upon sirans hike I coly, B amitratum
Ps diminuta, Klebsiella, Staph albus, B cercus and B subtilis Stramns
like Alealigenes facealis, Ps maltophiha, Ps fluorescens, Proteus vul
garis and Shigella sonner were inlulnted partially within the 48 hour
observation period, while growth of Ps acrugmosa 330 and of Salme
nella paratyphi B did not seem to be influenced at all

TABLTF 1
Antibacterial Fffect of Phemerol

Concentration

- e

Baceterial strain 0 \ 20 mt J 504 ml | 100w mt
M M « v ¢ v

F colt + oo 0 — 0
R anitratum + e _ o — 0
Ale faccalis + oo — 10" 1 — [ - 0
Proteus - 1045 103 4 a
Ps maltophilia -+ 0 - 1023 ] — 0
Ps fluorescens + oo - 1023 — [ —_ [
Ps dimnuta — 103 4 —_— o — 0 — 0
Ps aeruginosa 330 + o0 + o — 0 — [
Klebsiella + e — o o
Shig sennc + oo 5 — [
S paratyphi BB + = + o _— [
Staph albus + — 0 — 0 0
B subtilis + 0o — 0 @
B cereus + oo - 0 0

The figures indicate the number of viable bacteria 1 test medium 49 hours alter
mmoculation

Al — Macroscopic observation of growth in test medium
C==Plate counts from 01 ml of test medium

In a concentration of 50 y per ml phemerol was tested agunst the
following strains  Ale faccahs, Ps maltophilia, Ps fluorescens, Ps di-
minuta and Ps acrugmosa 330, all of which were totally killed

In a concentration of 100 y per ml, phemero! totally mhibited all the
test organisms

In view of current problems regardig chemo resistint st aphy lococct
1t was considered to be of terest to investigate the sensitivity to phe-
merol of a group of Staphylococcus aureus struns Ton such cultures
were moeulated mnto the test medum contaming 2% and 100 y of phe-
merol per ml and imcubated at 37° C After three d invs none of the tubes
Jiowed any viable organisms when plated on broth agar

Also the Psecudomonas aeruginosa strains are hnown to reprisent 1
tighly chemo-resistant group of orgamismis Since the culturc of J 8
acruginosa (330) used 1n this series of experiments appeared to be the
most resistant to the action of phemerol, 1t was decided o 1ny estigate
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totally fost for sereral strawts when the concentration was reduced fo
20y per ml

'lzhx:s sharp deercase 1nt the antibactenial acinaty of phemerel, which
13 much more pronounced than for the corresponding concentrations of
th 1, 15 quite teristic It 1s interesting to note that while
25 y of phemerol per ml of test d leaves the 7
¢lear, 50 y per ml grves some and 100 y per ml very marked opalescence
\{ hether there 15 any conncction hetween these observations has not
been nsestigated

TABLE 3
Antibactertat Effect of Phemerof and Thiomerosal Combined
Urganksm 1 L c M

\o preservatie mn-s o0 ++
Thiomerosal 100 y/ml 0 [

B cereus Phemerol 25 yjml 4 a 0
Thiomerosal 100 y/ml o °
+ Phemerol 25 y/ml
No presenatine 103 ¢ 1049 44
Thiomerosal 100 yiml [ [

Staph aureus 12150 Themerol 25 y/ml ° ] o
‘Thiomerosal 100 y/ml ° IS
+ Phemerol 25 y/ml
No presenatine 1056 108 » e+
Thiomerosal 100 y/ml 101 7 10" +

Ps aerugmosa 660 Phemerel 22 yiml 0.3 3% 1s +
Thiomerasal 100 y/ml N o o
+ Phemerol 2> y/mi

The figures mdicate the number of viable bacterza 1n 1 ml of test medwm 2¢

heurs after noculation estimated by (D) zerral dulution in fluid thioglycolate me
dium an1 (C) plate counting

M == \lacrascopic observation of growth in test medwum

In a concentration of 100 y per ml, phemerol seems to compete faurly
well with thiomerosal, whereas in a concentration of 23y per ml s
mubacterral activity 15 distinetly weaker than thal of thiomerosal
where comparison was made

Considerable doubt has heen raised concerning the value of mercur-
1112 as antiseptics These are stated to act manly bacteriostatically and
1o he inactine 1n the presence of —SH compounds and serum {Fildes
1930 Morton et al 1948, Engley 1950) However, as pointed out pre-
viousty preseryatines normally do not have to ael upon actual hacterral
cultures but under conditions mote resembling the experimental con
itions used an this study It 1s therefore of great interest to note from
thest experiments that even 1 concentrations far below those normally
used thiomerosal his a considerable bactencdal efCect on {he micro-
orpmsms selected for this study Thys agrees well both with the rare
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effect upon these organisms than phemerol However, the test stramns
differed more 1 their susceptthility to thiomerosal than to phemerol

100 y of thiomerosal per ml of the test medwm halled all the strans
within 48 hours which was practieally speaking also the case with
phemerol

As mentioned previously the plate counting method could not e used
for the other test strains For B cereus and Staphylococcus aureus m
estimate of the antibacterial actinaty of thiemerosal was obtamned by the
technique deseribed (see “Methods™) These experiments revealed that
growth of test strans of these bactena in the test medium was inhibited
by less than 1y of thiomerosal per ml The mimmum bactericidal con
centration as estimated from the thiogly colate tubes was more than 1
but less than 10 y per ml for hoth strams after one day of incubition
However, after three days it was the same as the mmumum bacterio-
static concentration, 2 e less than 1y per ml

Thus, thiomerosal seems to have pronounced antibacterial properties
under conditions sumiar to those under which the substance 1s used m
practice In this connection, 1t must be taken into consideration that
products preserved with thiomerosal are normally treated with heat
(56° C for half an hour) which greatly enhances the antibacterial effect
This has been verified under the expermmental conditions used here

Action of Phemerol and Thiomerosal Combined

In siew of the practical use of phemerol for our special purpose, it
was felt to be of nterest to yvestigate the antibacteral action of a
combination of phemerol m a concentration of 25 y per ml and thiome-
rosal 10 a concentration of 100 y per ml

The expertments were carried out with the techmque desenibud
Macroscopic obsers ition of growth mn tubes with test medium mocul-
ated wath the expermmental strains, bacterinl counting by the plie
method, and serial dilution i flurd thioglycolale medium, gne the re-
sults summarized in Table 3 A« previously estabhshed, B cereus and
Staph aurcus were totally hilled by each of the two compounds m the
concentrations mentioned, as was also the case with the ecombination
P+ acruginosa 560 was only partially inhibited withm the experniment
period by each of the substances but totally killed by the combmation,
thus indicating pronounced synergic action

DISCLANSION

The results of the present experiments indicate that i a conccn-
tration of 100 y per ml the quaternary ammomum compound hunze
—n ahlamde (Phemerol®) has a bactericidal effcet on the test orga-

- P '
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lotally lost for several sirams when the concentration was reduced to
%0 y per ml

%hln sharp decrease in the antibactenal activty of phemerol, which
15 much more pronounced than for the corresponding concentrations of
thiomerosal s quite charactensbie It 1s interesting to note that while
25 y of phemerol per ml of test medum Jeases the medm completely
clear, 50 y per ml gaves some and 180 y per ml very marked opalescence
Whelher there 1s any connection between these observations has not
been myestigated

TABLE 3
Antsbactertal Fffect of Phemerol and Thiomerosal Combined

Organism i l v | c ¥

Mo preservatne 108 o ++
Thiomerosal 106 y/ml ¢ e

B cereus Phemern? 23 yjml [ 0 o
Thiomerasal 100 y/ml o »
+ Phemeral 25 yjml
o preserative 1094 1042 +4+
‘Thiomerosal 100y m} 0 [

Staph aureus 12150 Phermerol 25 y/ml 0 0 [
Thiomerosal 100 y/m! o °
+ Phemerol 25 7Iml}
\o preservatine 1046 10¢ 5 + 4
Thiomerosal 100 yfmi 1012 102 +

Ps aeruginosa 660 Phemeral 2a y/ral W3 3Ix1m: +
Thiomerosal 100 y/m! N o 0
+ Phemerol 25 y/m)

‘The § gotty Wdicale the number of viable bactitia jn 1 ml of est medium 23
h urs after wmoculatiyn estimated by (D) serral dilution 1 fluid thinglycolate me
dium and (C) plate countng

3 ==\lacroscopre cbservation of gronth in test medium

In 1 concentration of 100 y per ml, phemerol seems to compete fairly
will with thiomerosal, whereas 1n a concentration of 23y per ml tts
antibacteria) achinily 1o distinefly weaker than that of tluomerosal
where companison was made

Constderable doub! has been raised concerning the value of mercur
1als a5 anhisepties These are stated to act mainiv bacteriostatically and
o be mnetine m the presence of —SH compounds and serum {Fildes
1940 VYorton ef al 1948 Engley 1909) Howesver, as ponted out pre
viowsly preseriatives nosmally do not have to act upon actual bacterial
cullurcs but under conditions more resembling the experimental con-
itions used an tns <tedy 14 s therefore of great 1nterest o note from
these experiments that even in concentrations far below those narmally
used thiomerosat has a considerable bactersesdal effect on the micro-
Ofk msms selected for this studs This agrees well both with the rare
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cffect upon these orgamsms than phemerol However, the fest strams
differed more 1n their susceptibibty to thiomerosal than to phemerol

100 y of thiomerosal per ml of the test medium kalled all the strams
within 48 hours which was practically speaking also the case with
phemerol

As mentioned previously the plate counting method could not be used
for the other test strains For B cerens and Staphylococens aurcus an
estimate of the antibactenial activity of thiomerosal was obtaned In the
technique desceribed (see “Methods”) These experiments revealed that
growth of test strains of these bacterta in the test medium was inibited
by less than 1y of thiomerosal per mt The nummum hacterierdal con-
centration as estimated from the thioglycolate tubes was more than 1
but less than 10y per ml for hoth strams after one day of cubation
However, after three days it was the samwe as the miumum bacterio
statie concentration, 1 ¢ less than 1y per mi

Thus, thiomerosal seems to have pronounced antibacteral properties
under conditions sinular to those under which the substance 1s used
practice In this connection, it must be taken into consideration that
products preserved with thiomerosal are normally treated with heit
(56° C for half an hour) which greatly enhances the antibacterial effect
This has been verified under the experimental conditions used here

Aclion of Phemerol and Thiomerosal Combined

In view of the practicat use of phemerol for our specinl purpose it
w15 felt to be of intercst to mvestigate the antibacteria! action of 1
combnation of phemerol in a concentration of 23 y per ml and thiome-
rosal 1n a concentration of 100 y per ml

The experiments were carricd out with the techmque described
AMacroscopie observation of growth in tubes with test medium mocul
ated with the experimental stramns, bicterial counting by the plite
method, and sertal difution i fluid thioglycolate medium, guve the re-
sults summanzed m Table 3 As previously estabhished, B cereus and
Staph aureus were totally halled by each of the two compounds m the
concentrations mentioned, as was also the ease with the combmation
Ps acrugmnosa 660 was only partinlly hibited within the experimental
period by each of the substanccs bul totally halled by the comlunation,
thus indicating pronounced synergie action

DISCLSSION

The results of the present experiments indicate that i a concen-
tration of 100 y per ml the quaternary ammonum compound benzc-
tomum chloride (Phemerol®) has a hactenicrdal effect on the test orga-

P - .. 1
1

N .
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totaliy tost for several strmns when the conceniration was reduced to
25y per mil

This sharp decrcase in the 1al activity of ph 1, which
15 much more pronounced than for the corresponding concentrations of
thiomerosal, 1s quite charactenisbic It s 1nteresting to nofe that while
23 y of phemero! per sl of test medwm leaves the medm completely
clear, 50 y per ml gives some and 180 y per ml very marked opalescence
Whether there 1s any conncction beiween these ohservations has not
been nvestigated

TABLE 3
Antibactertal Effect of Phemerol and Thiomerosal Combined
Organism \ l D c Al

No preservatise 106 o ++
Thiometosal 100 yjml [ 3

B cerens Phemerol 25 yjml ° [} 0
Thiomerosal 100 y/m! » o
+ Phemerol 25 y/ml
No preserative 1084 1006 ++
Thiomerosal 100 yjml ° [}

Staph aureus 12150 Phemerol 25 y/ml 0 ) [
Thiamerosal 100 y/ml ° N
4 Phemerol 25 ym!
No presersatne 1056 1000 T4
Thiomerosal 106 y/mt 1012 167 +

Ps serygimosa 660 Phemeral 23 y/mt 023 33108 +
Thiomerosal 100 y/m] ° N 0
+ Phemerol 25 y/ml

The Hguns mdicale the number of viable baetema in 1 mi of test medm 24
hours after inoculation estsmated by (D) serial dilution mn fluid thinglycolate me
dwm and (C) plate tounting

M= \acrnscopic abservation of gronth in test medium

1n a concentration of 100 y per ml, phemeral scems ta campete fasly
well with thiomernsal, whereas 1 a concentration of 23y per mi its
anthaclenial aclivity 1s distinctly weaker than that of thiomerosal
where comparison was made

Considerable doubt has been rawsed concerning the value of mercur-
1ls as antisepties These are stated to act mamnly hacteriostatically and
o e inactine 1 Yne presence of —SH compounds and serum (Fuldes
110 Vorton et al 1948, Engley 1950) Howerer, as pemnted out pre-
Vivusty presersatives normally do not hase to act upon actual bacteral
cultures but under condations more resembling the experimental con-
dihions used 1n this study 1t s therefore of great interest to note from
hese experiments that even in concentrations far below those normally
usd thiomerosal has 2 consulerable bacterserdal effect on the micro-
orRInisms selected for this study This agrees well hoth with fhe race
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occurrence of conlamination (presumably accidental) found in the
routine sterility control of our preparations preserved with thiomerosal
(Scheibel & Benlzon 1957) and with the fact that we have never re-
corded any clinical infection which could be ascribed to contamination
of such products. Brewer (1950) also emphasizes the fact that the mer-
curials were first used as antiseptics because they prevented sepsis,
and presents evidence to show that some of the mercurials (including
thiomerosal) are just as capable of preventing infection as the common
germicides.

It is also of interest that a synergic action between thiomerosal and
phemerol could he demonstrated for a Pseudomonas acruginosa culture
which was partially resistant to the two compounds separately Synergic
action between mercurials and surface-active substances has also been
reported by Engley (1950) and Brewer (1950). Thus, there does not
seem o bhe any reason aganst using thiomerosal and phemerol com-
bined, provided that they do not interfere with the action of the aclnve
substances 1 the solution to be preserved, an aspect which must be
tested in cach case

SUMMARY

For cevaluation of the antibactenial effect of a quaternary ammonium
compound, Phemerol®, when used as preservative mn tonoid vaccines,
expermmental condittons were adopted which equalled as much as pos-
sible the conditions of use.

In the concentrations 100 and 50 y per m! phemerol showed a satis-
factory bactenicidal effect upon the test strains, whereas the concen-
tration intended for use, 25 y per ml, showed an insufficient antibacte-
rial activity.

For comparison, thiomerosal was included in the experiments In the
concentration commonly used for presersation of biological products,
100 y per ml, thiomerosal inhibited growth of all of the test cultures.
the cxperiments indicated that the action was baetericrdal under the
conditions used, and not merely bacteriostatic, as s generally stated
redarding the mercunals

A synergic action between phemerol and thiomerosal was demon-
strated
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Presious reports t1, 2 ) from this depariment desertbed a method
for the production of an ormithosis complement-fixing antigen from
nfccted yolk sacs Furthermore, chemical studies gase results which
suggested that the antigen could be of a hd nature and was connected
to the phosphatides It1s the purpose of this article to present continued
studtes on the physico-chemical characteristics of this ornithosis com-
plement fixing antigen

VATFRIAL AND MFTHODS

The s urce of antigen as yolk sacs infected With ornithoes virus The virus and
the techniques used for antrgen production and antigen titration were as described
in the foregnung papess (1 2)

FXPFRIMF\NTAL
Solubilily 1n Organic Solvenls

Flfect of organic solvents on the ether acetote residue As the dry
restdue of acetone punfied ether extracts from nfected yolk sacs repres
sented the purest and most potent anbigen available, this product was
the first choice for treatment with sarious organte solvents w order to
wmestigate whether further tmprosements to the potency and punity of
the antigen could he achieved Tests on saline solubilily were wncluded
m order to hve a basis for comparison

The results of the expenments are shown i Table [ First it will he
seen that 1t was possible to dissohve also this antigen 1nt ether, even
though the ether extraction was not complete and a considerable
1mount of the antigen remamed m the residue Furthermore, a large
nuinber of solvents other than ether were able 1o extract the anhigen
but to varying degrees Benzene eould exteact At the ant = ~

o
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same time caused a fall 1n titer Thas effect was even more pronounced
with xilene IZthyl acetate could not extract any thing and moreover had
a deleterious effect on the antigen 1n the residue

TABLE 1
Effect of Orgamic Solvents on the Fther-acetone Residue

sahvent \ntgenio Antignn
Saline 128 -
Fther 64 32
Benzene 256 2
{hloroform 128 1
Cyclohexanc 128 2
Carbon tetrachlonde 64-128 2
\3lene 32 01
T'thy1 acetate 0 32 61
Fthanol, pure 0 18
1 thano! 75% 0 64
Fthanol 509 128 32
‘cthanol pure 4 64 128

The cffect of the aleohols cthanol and methano! depended on the
concenltration In pure alcohols the antigen was nsoluble When the
aleohols were diluted with water, some antigen went into alechol-water
phase The amount of antigen which was dissolved depended on the per-
centage of water 1n the alcohol-water mixtures, so that the most diluted
alcohols extracted the most antigen

As was to be cxpected from the results previously described, the
antigen was msoluble in acetone and furthermore acetone had no dele-
terious effect on the antigen 1n the residue

Effect of orgatuc solvents on the ether extract residue from nfected
yolk sacs before acelone purification As 1t was found that orgame sol
vents other than cther could dissolve the purified antigen, their effect
on the antigen 1n an earlier phase of the production process was mvesti-
gated Yirst the solubihity of the ether extract residuc was examined
The results are shown m Table 2 As was the case wath the purified
antigen, this product was completely dissolved n ether, benzene, cyclo
hexane, chloroform and saline, partly dissolved i xylene, earbon, tetra
chloride and diluted alcohol but nsoluble 1 acetone and i concen-
trated cthanol or methanol

Effect of organtc solpents on infecled boied yolk sacs direct Using
the antigen preparations employed in the foregomg experuments, several
of the organic solvents could extract the antigen However, when ex-
traction experiments were carried out direct on nfected hotled yolk
saes exelusnvely, ether could dissolve as much antigen as was found i
the control salme extract These results are shown mn lable 3 It will
also be scen from this table that the only other organic solvent which
was able to extract some antigen was chloreform, but oniy small
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amounts of antigen were found here That a weak anfigeme Lier eould
he demonstrated 10 the diluted ethanol extract could be expected 1f, as
before, it 18 cousidered that the antigen 1s taken up by the water phase

Coneerming the antigen tdet 1 the residue after extraction, only ace-
tone was found to leave the antsgen undamaged

TABLF 2
Effect af Organic Soltents on the Ether treated Residne

Ant_enin Antigenin
| solvent | residue
32
Saline 2
Ether 3 g
Beazene 8%
Chloroform 1 o
Cyclghesane 64 0-1
Carbon tetrachlonide 16 o
Aylene 16 0
Ethsl acetate 3 32
Fthan | pure £4 128
Fihan | 15 [ 138

Fthanol 50 4
Vethanol pure 1 63 128
Acctone 128

TABIE 3
Effect o] Organ c Solvents on Boled oIk Sac

A0 gent 1 Agtigen fn
solent 2 e
Saline 128
Fiter 128 816
Benzeqe 8 16 32
Chloroform 32 M
Carbon tetrachloride 8 816
Fthy) acetate [ 16
Fthanol pure 13 16
Ethanol 75 o 32
Fthanol 50 18 32
Methanol pure 0 16
Acetone [ 61 128

L{fect of organic solvents on the final ether and acetone purified an-
tigen dissolved 1n saline The study shows that the solubiity was com
Uletdy different hete, us will be seen from Table 4 When a salne
antigen preparalion w1s shaken with ether or secondary buty! alcohol,
some anligen was faken up but most of 1t remained i the saline phase
Morcover, when the stline antigen preparation was shaken with other
orgnte solvents this procedure often resulted m farmation of an inter
mediary gl phase which contained the anbigen Howeser 11 manae ©
shatap~ * L

Hw

~
8 actaevn 571
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antigen and solvent was carried out with great care i a separating
funnel Howeser, even with this method 1t was not possible to establish
any defimite relationship between the saline antigen preparation and the
organic solvenfs

TABIT 4
Effcet of Orgamc Solvents on Sahine Suspended Antigen

Anfiganan Antien in

sofvent residue
T ther 1238 512
Secondary buthyl alcohol 64 256
Benzene 01 256-512
Chioroform 1 512
Caclohoxane 0 512
Carbon tetrachlonide 12 256
\ilene 48 512
I'thy] acctate 8 63
Petrolcum ether 0 256

Stabilezers

Since the transfcr of antigen from saline to ether was rather poor and
also wmconsistent, attempts were made to increase the cther solubihity
Iy means of the addition of lecttlune and normal yolk to the salme
preparations ‘These attempts were unsucccssful

Punificalion Results

The mamn ain of the solubility experiment was to obtan a further
purification of the final antigen As all the saline suspended antigen
had a milky, cloudy or opalescent appearance, an 1dea of the punty of
the preparations could be obtamncd by photometric measurements In
our expermments we used a Hilger photometer with filter no 49

The most striking result was achieved when ether extract residue
from boiled yolk sacs was treated with acetone and the clearest pre-
parations were obtamed 1f the cxtraction was carried out at 56° C The
preparations thus obtamned were only shghtly opaleseent 1n saline
Methanol and cthanol extraction of the cther residue also caused some
purification but not nearly as well as acetone Mecthanol and ethanol
(xtraction of the ether-acetone residue gave a clcarer anhigen but also
caused a reduction n antigene potency

Other orgame solvents which were able to extraet the inbigen from
the diffcrent sources were never found to grve as good results as ether
This was so even when the residue from these extracts was treated with
acetone or alcohols

Repeated extractions with any organie solvent including ether and
acetone, always caused a reduction m antigemic titer The deleterous
effect on the antigen of such repeated treatments was greater than any

punfieation aclueved
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s mentioned above, acetone extraction of the ether extracted residue
frora hoiled yolk sacs gave the purest antigen Howeser, acetone does
more than punfy, one extraction also enhances the antigenic potency
It was found repeatedly that the antigenic fiter after the acctone treat-
ment had Tisen to at least twice the titer level Moreover, our experi-
ments also showed repeatedly that acetonc was able to remove anhi
complementary characterishes which mght sometimes he m the
preparations

Solubility of the Anligen un Saline

The extent of the solubulity of the antigen in saline was determned
by means of high speed centrifugation 11 a Spinco centrifuge

It was found that the more rapid the centrifugation, the better the
antigen precipitated, and that the antigen could be precipitated com-
pletely from water phase, though thus necessitated very vigorous treat-
ment, mz centrifugation at 40,000 rpm for onc hour

Some antigenic effect may be left sn the supernatant despite this

treatment but generalls 1t can he stated that the antigen can be preci-
mtated

Fullralion of the Anligen Solution

Filtration of the saline suspension of the antigen through Sestz filter
Do 3 showed that filtration was easy and the filtrate clear The filter
dise was comminuted after the experiment and eluated with saline Nei-
iher the filtrate nor the cluate from the filter disc contamed ntigen
This ean only be interpreted to the effcct that the antigen 1s adsorbed
to the filter fibers and that this adsorption 15 so strong that 1t 15 not
possible 10 hiberate the anbigen from it agawn with saline

Effect of Acid and Bases on the Anhgen

\nl:gcn suspensions were treated with acids and bases on waterbath
A 100° C for 30 munutes, after which the antigen was brought back to
neutral point before hitratton Hydrochlonide acid 1n concentrations

from 01 n to 4 n was used It was found that the antigen was acid
libile sinee 1t was destroyed by the we:

akest concentration of -
chlonde acid used (0 1 n) of hydro.
.
T - .
m
witn 4 n NaoH! b v ovniel Was seen

Fnzyme Experuments

A Experiments with trypatn Thes,
e showed that t 35
T eent typain al 37° C for two divs a reatment with 0 03

nd with 0 5 per cent tripsin at
-



116

37° C for 30 mimutes had no (ffect on the antigenic activity This result
would suggest that the active component 1s not a protein substance

B Laperuments with lipases The first experiment was performed
with pancreatin solubile Novo, which 1s a fairly impure hpase product
contaming amjlase The concentrations were 05, 5, and 10 per cent
The titers beeame lower the hugher the enzyme concentration

Simec the changes observed 1n the antigen might hase been due either
to the hipase or to the impurities 1 the product, the exptriment was
repeatcd with a hipase produced at the Department of Biophysics, Sta-
tens Serummstitut This product was purer than the commercial one
The expersment was carried out at room temperature

The same effect was observed agam, viz a fall i the anligen tter
but never total destruction of the antigenie actisity, even when high
enrymie concentrations were used (see Tabie 3)

Desalinaton

It was found that the antigen could be precipitated by ammonum
sulphate Precipitation commenced at half saturation and was compleie
at full saturation

Potassuum Perodate

An experiment by wlhieh to dctermune the effect of KJOi on the anti-
gen resulted m the disappearance of the antigenic activity The effect
was very strong and was evident down to a total KJO, eoncentration of
1/32 satured solution with exposure for 30 munutes at 100° and for 24
hours at 37°

Chromatography

A numbcr of experiments were performed using both column and
paper chromatography, in the hope that 1t would be possible to achieve
a separation of the antigen components and thus approach elucidation
of the actine prninciple However, these attempts met wath no success
As will be seen from Table 4, 1t was nof possible to find any orgame
solvent which could giie even a fairly constant relationship between
solvent and antigen suspension

Electrophorests

Electrophoretie studies were carried out on both the usual routine
antigen and on antigen purificd with methanol The result of these
exvperuments was that all the particles n the suspension (solution)
migrated ¢ ¢ that they were clectrically charged In addition, the anty-
gomie actinaty was umiformly distributed over all the components Thus
it was not possible by this mcthod erther to achrcve separition of the
active antigenic factor from possible mactine subsidiry substances



+y L4 S ) 9 9l ) 8 8 @ g ] at Howmpy
to [ 0 0 ety $3L %7 948 434 133 (154 L Jug
871 19 iad 1o (219 871 957 8z (239 95z 1431 eyl ey
sz | osagyg T...::z_ wwo | iz SUE | sugy | wug ST s wurg | wIlnu
_N:“._ [EIRT _.ﬂ“_-:. o (R ‘ s gy
P sy, \ Ty

PO\ 2uvpa

4214 0q [ 2ouf vag watisjuy
s 1

SISOYINIIQ Yo I 1 [ s0asouny fu 3]



118

Dry Matter Delernunation

This was performed on the purest and strongest antigen preparation
avadable The ether extracted, acctone purified antigen was suspended
w distilled water and then freeze-dried The dry matter content was
then 23 mg per mlan a preparation with an antigen titer of 1024

DISCUSSION AND SUMMARY

The data presented here have shown that it 1s possible Lo dissolie the
complement-fiving ornuthosts anfigen from mfected yolh sacs m a num
ber of hipid solvents Howerer, the extracting ffect of these solvents
1s highly depondent on the physical state of the antigen and on the pre
sence of ipord impurittes The antigen was insotuble 1 acetone, me
thanol, and ethanol and, when treated with these, some punifieation was
achieved Thie best resulls were obtamned with acetone whreh in addition
to purifymg was also founad to cause an cnhancement of the antigenic
potency, and to he able fo remove anti-complementary substances Me-
thanol and ethanol had no such adsantage, on the contrary, treatment
with these alcohols caused a deerease 1n the antigenic titer Of the hpod
solvents, none had a stronger extracting effect than ether, but on certtn
antigen preparations other sohents were just ns good The conclusion
to he drawn from all experiments must he that ether s the best choice
{or extracting purpases, and that acetone treatment of the ether residue
gines the purest and most potent antigen Therefore, for practical pur-
poses the methad deseribed by Volkert & Woller ( hristensen (1) must
stifl be considered the sunplest and most effectis e for antigen prepari-
tion

The pronounced affimty of the antigen for many hiposd solvents sup-
ports the supposition of Veoll ert & Moller Christensen that the aclne
antigenic prineiple 15 of phosphatide nature or at least strongly con
nected fo ds 1n the phosphatide group

The fact that the antigen 15 wnscluble 1n methanel shows that it 1s
different mn character from carciolymn

By means of centrifugation of boiled yolk sacs i a Spineo centafuge
Moller Christensen 13) found that the antigen 1s located just below the
fat which forms as a hiver at the top after centrifugation Ths would
suggest that the antizen becomes attached to the fat drops with which
1t rises The smular experiments earried out with antigen suspension
washed m ether and acetone showed that the antigen forms sedument
though only after strong treatment The renson for thus could be that
the ether-acetone treatment hberates the antigen from the hipad parhicles
5o that 1t 16 able to form sediment

The resistance of the antigen to trypsin ndieates that the achive
cosponent 1s not a proten

The decrcase n hiter which occurred m the lipase experyments sup-

ports the supposition that the antigen contamns a hipord component
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The effect of periodate on the antigen was very great but periodate
1 so strong an oudizing agent that that result cannot be taken as an
indication that earhohydrate 1s the actine complement fiang antigen
component

Howerver, there 1s good reason for assumung that the aniigen 15 a
hipo polysacchande

Unfortunatel, chromatographsy and electrophoresis did not provide
mformation regarding the part played by the indinidual components in
the antigenic actinity

Dry mntter analysis showed that the content of dry matter was very
small, ;z 01 mgml, e 02 mg dry matter per yolh sac
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The new antibiotic staphylomyemn!, now avalable 1 Denmark, 18
produced by a species of streptomyecs closcly related to streptomyees
virgimae The fungus was first 1colated 1n 1934 from a sample of Bel
gian soul by de Somer & van Diycl, who 1n 1955 deseribed the compound
under the name of Antibiotic no 899 It s closely related to the gene-
rally known streptogramin and oleandomyemn (Vanderhaeghe et al
1957, Charney el al 1953)

Staphylomycin 1s composed of three components, viz My, M, and S,
of which the M-components have been found the most active agunst
Staphylococel, whereas the C-component 1s the most cffective agunst
Bacillus subtilis My 1s found to represent 75 per cent, S about 5 per centy
and My no more than 5 per cent of the compound (Vanderhaeghe ef al
1957) Staphylomycin 1s a yellowrsh powder, only shightly soluble m
water (0 6 per mulle at pH = 6), but readily soluble in organic solvents
as ¢ g methanol and cthanol

Usually staphylom3cm 15 used for local applicition as a powder, an
omtment, or a solution, but the antibiotic 15 available also m capsules
for peroral admumstration The anhibiotic 1y found o possess a low
tovicity and to be well tolerated by mice in smgle doses of 1400 mg per
kg (d¢ Somer & van Dych 1955)

Actually, the antihiotic 15 effectrve 1f adounmistered hy mouth, bhut
mvestigations by de Somer & van Dyel (1935) ravealed a marked dis-
crepancy hetween the demonstrability of staphslomyein in serum and
its protecting cffect, 1 cxpermmental anmmals were protectod agunst
experiment il infections, although no staphylomyem was demonstrable
n their sert

Dons & Foged (1961) have trcaled 37 patients suffoning from mfee-
tions caused by penicilhn-resistant staphylocoeer by oral or local ad
mnistration or a combmation of the two and found sitisfacfors re
sponse to treatment 33 of these cases Smmilar rosults were obt undd
by de Somer & van de Voorde (1957) who treatcd 50 paticnts wath

T Staphslomscm was placed at my disposal by courtsy of Dindenburg & Riemer
1td Copenhagen Denmark

120
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staphvlococeus infections Minor secondary effects were seen only n 4
of these 87 cases and 1 o case were side reactions of a serious nafure

Staphylomycin 1s most effective agunst the gram positine bhacteria
The gronth of staphilococet 15 inhibited by the antibsotic 1n concentra
tions of ahout 02 pg per ml growth of pnenmococel 10 concentrations
of about 007 pg per ml and of streptococer n sumlar concentrations
1t s actise also agunst the gram postte rods though not fo the same
extent With one exception viz the Hacmophilus pertussis staphilo
mycin seems to be wneffective agamnst the gram negatine rods (de Somer
& tan Dyck 1955)

Hitherto no cross reshistance has been demonstrable with one or
more of the known antibioties Staphylococet hnown to be resistant to
most of the generilly used antibiotics were found to be highly sensitine
to staphslomsein (de Somer & van Diyck 1900 Dons & Foged 1961)

In the present miestigation the man object has been to determine
the activty of staphvlomvemn agunst various bacterial groups The
purfose has been (1) to specifs the spectrum of the compound (2) to
establish a method by which {o determine the bacterial sensitiity to

staphilomyein and (3) to evaluate anv cross resistance between sta
phylomycin and other antibiotics

MATERIAL AND METHOD

Using the plate-dilution method the 50 per cent inhibitory staphylo
myem concentration has heen tested agunst 175 strups belonging to
19 genera In addibion the inhibition zones of some of the stme strams
hive been measured by the agir diffusion methed on the basis of the
findings a comverting scheme has heen prepared to be used mn routne
sensinaty tests with he agar diffusion method

The Plate D tut on Metho |

N Th:- {laminations wire carried out on 5 per cent bl od agar pourcd into 9 em
Petr shes Immed atel bef re the agar sol difies an adequate quantity of staphy
e s addel to the sulstrate and thoroughly m el The quantity to be
-{1 id s cal ulated to make the final wonceraration 1n Ylood agar of staphylomyecin
Irrlml l;a\lt T 11 d1uton steps from 50t 02 ag per ml and an antitiotic free ron

£ ram regat se v ts

Staphal coces gram positne r 1y a 100
nd st
Other strept ¢ cer an g Ineumod cer rept e ceus faceal s : :30
T - .
att . . -
. .

¢ ause v ¢ tormer i less deren ient n the J:":l('; eniration (MIC) 13 determined
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The Agar Prediffusion Method
R The‘ pre ‘(H“llsl()n techmique used at Statens Seruminstitut (Frolund Thomsen {to
H ' S oae . r veoL

¢

T
cent blood agar without peptone, but with the addition of 1 per cent of glucose
poured 1nto large Petrr dishes (14 em) with a thickness of layer of 10 mm {Lund
1925) The dises are placed on the substrate and the plate 1s kept for 20 hours at
room temperature (20° C) with a view to establishing a stable conc dient
Subscquentls the dises are removed and the plate inoculated by 3 drops of the above
culture dilution using a bent glass rod for the spreading The inhibition zones are
determined simultaneousls on the same plate against henzsIpenieillin dimethoxs
phenylpenieill, tetracvelin chloramphenicol and ervthromsem

Experiments with the Plale Dilulion Method

Using the plate dilution method the activity of staphylomyan
determined on gram-positive cocer and rods as well as on gram negtne
rods (Tables 1-3)

Table 1 gives data of the gram-positise cocct among which Staphylo-
coccus aurcus has heen the object of the greatest interest, a total of 63
strains are examined 44 of these (70 per cent) are inhibited by £ 02
ug per ml, 17 strams (27 per cent) are mhibited by 0 2-0 4 pg per ml,
and 2 stramns only (3 per cent) require higher mhibitory concentrations
viz 08 and 1 6 ug per ml 7 of 8 examined Staphylococeus albus strams
are mhibited by < 02 pg per ml, whereas one stram 1s found to be m-
hibited by concentrations within 02-04 pg per ml

TABLE 1
The Actwity of Staphylomycin against 103 Strains of Gram Positiwe Cocer The Table
Shoiws the Number of Strains Inhibited by the Various Concentralions Strains on
Border Values are Recorded in the Sensilive Groups

0% mhibatory concentration an I, per m)
Species —
32 16 | 16 08 08 0% 04 02 02

4
D

Staph aureus 1 1 17
Staph albus

Pnenmococcus

Strep haem Gr A

Strep viridans

Strep faecalis 1 7

All of the 8 Pneumococcus strains are nhibited by 02 ug per ml
which also apphies to 7 of the 8 haemoly hic streptococeus strans group 4,
whereas one strain 1< wthibited by 04 ug per ml 4 of 8 Streptococcus
viridans are mhibited by 0 02 pg per ml the remaining 4 by 0~2 04 pg
per ml Streptococcus faecals 1s found to be more resistant 7 strains
are found to be inhinted by concentrations from 08 16 pg per ml, 1

from 16-3 2 ug per ml
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TABLE 2
The Actr 1y of Stapholomyein agawnst 18 Steains of Cram Postwe Rods
Surthes Fzplanat on of Table 1)

50°, inh b tory concentrat on 1 Pg per ml

e
08 04 { 03 02 <0z

Listeria m nocrt 3

C rinebact diptt 5

Bact cercus 1}

Bact sululs t

Table 2 records the achinity of staphylomyan on a group of 16 gram
1tsitine rods alt of which are sensifive 8 Listens monocytogenes stramns
are inhibited hy § 2-0 4 pg per ml and 6 Corynebactermim diphienae
strans are infubited by < 02 pg per ml One Batillus cereus strain 1s
whited br 68 pg per ml and one Bacillus sublilis by 04 xg per mi

The very werk bibitors effect on gram negatine rods of staphslo
myein 1s apparent from Table 3 A tofal of 72 strains are exammed
1 {fects are demonstsable only mone I col one Salmonella and one
Stugelia stram but the effects are of no practical nterest

TABLE 3
The Act tity of Staphylomyc n agaipst 72 Strains of Gram Vegatwe Roly
{For Further Fxplanal on ¢f Toble 1)

' 50 4 inbib fory concen rat oft in kg per m!

2 2122 | w25y U gy 3%
Pseudom serug nosa 3
Fsch ¢ Wi 7
Mels ella 3 1
Salmanells v P
Shigetta H s
PR miral fiy H
Prtovulgars H
Prot m rgann 3
frt rettgeri 8
Ir \idenen s
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The Agar Prediffusion Method

The pre daffusion technque used at Statens Scrumimstitut (Frolund Thomsen (la
he publ )) has been applied for determinations waith the agar-diffusion methad Filter
paper dises with diameters of 6 mm are dipped nto a 19 per mille aleoholic
staphylomycin solution thus holding 50 4z 1 each disc The substrate 1s a 10 per
<ent hlood agar without peptond, but with the addition of 1 per cent of glucose
poured into large Petri dishes (14 cm) with a thichness of layer of 10 mm (Land
1935) The dises are placed on the substrate and the plate 1s hept for 20 hous st
room temperature (20° €) wath a view to establishing a stable concentrabiongradient
Substquently the disces are remaved and the plate moeculated by 3 drops of the abose
culture dilution using a bent glass rod for the spreading The inlibition zones are
determined symultancously on the same plate agamnst benzsIpemicilin dimethot
phenylpeniaillin, tetracsehn chleramplenical and erythromsemn

Lxperiments unth the Plate Dilution Method

Using the plate dilution method the activity of staphylomyem 15
determined on gram-positive cocer and rods as well as on gram-negatne
rads (Tables 1-3)

Table 1 gives data of the gram-positive cocet among which Staphslo
coccus aurcus has been the object of the greatest mterest, a total of 63
strams are examined 44 of these (70 per cent) are mhilnted hy <02
pg per ml, 17 strains (27 per cent) are mhibited by 02 04 pg por ml,
and 2 strains only {3 per cent) require higher inhibitory concentrations
pviz 8 and 1 6 ug per mi 7 of 8 examined Staphylococeus albus strains
are inlubited by < 02 pg per ml, whereas one strain 15 found to e n
Tabited by concentrations within 0 2-0 4 ug per ml

TABIL 1
The Actinity of Staphylomyern against 103 Strains of Gram Posittve Cocet The Table
Shows the \umber of Strains [nhibited by the Vartons Concenirations Strawns ont
Border Valutes are Recorded in the Sensitipe Groups

0%, inlibitory concentration in 143 per m

Species = o [
3z 16 08 0% o1 01 02 02
Staph aureus 1 1 17 44
Staph albus 1 7
Pneumococeus 8
Strep hacm Gr A : 3

Strep viridans
Strep faecalis 1 7

All of the 8 Pneumococcus stramns are nhibtted by 02 pg per ml
which also applies to 7 of the 8 haemels hie streptococcus struns group A
whereas one siran 1§ mhibuted by 04 pg per ml 4 of 8 Streplococcus
viridans are inhibited by 002 gg per mi, the rem umng 4 by 0_2 04 p8
per ml Streptococeus faccals 1s found to be more resistant, 7 strams
are found to be innnted by concentrations from 08 16 pg per ml, 1

from 16-3 2 ug per ml
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TABLE 2 o
Posttive s
Seturty of Stapholomyern aguinst 16 Strans of Gram
The ettty of (Further Explanation ef Tnble 1)

50° ,inhibatory concenfration 1n g per

08 0f i o o2 =02
Listerfa monncvt 8 A
C rynelact dipht
Bact cercus 1
Bact subtitis 1

Table 2 records the achvity of staphy lomyen on a group of 16 gram-
positne rads all of which are sensitine § Listena monocy togenes strams
are mbited by 02-0 4 ug per ml, and 6 Corynebacterium diphtenae
steaws are intubited by < 02 pg per mt One Bacaillus cereus stram 1s
whitnted by 08 pg per ml, and one Bacallus subliis by © 4 pg per ml

The vert weah inhibitory effect on gram negaline rods of staphilo
mycin 1s apparent from Table 3 A tofal of 72 strawns are examined
1 [fects are demonstrable only 1n one E coly, one Salmonella, and one
Stisgella stratn but the elfects are of na practical interest

TABLF 3
The Actuity of Staphylomyein agminst 32 Sirans of Gram Megative Rods
{For Further Explanation ¢f Table 1)

509, Infut itory concentration in g per mi

|2 ] mos | s ez 61 31
tseud m sernginosy 8
Fsch ey 7 1
Rlehsiella 5
Salmonetla 7 1
Shigelta 7 1
Provmirat s 4
Prt sulgsns 4
Prot morganiy 8
Iret rettgeri 3
Pr vilencia 8
Routine D of Baclerial S
Deter il 1o Stapl
the Pre Diffusion Method vewn Gaing

The classiftcalion of baclera into different sensitotty groups 1s based
on the concentrations of antibiotics 1n serum and body flmds Strains
;\};;ch N Vitro see intudited v concentrations below one third ta one
‘xl b of the serum concentration after normat doses are considered sen

s, whereas strams which are not inhibited by concentrations oh-
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tamnable 1n chnical rontine are considered resistant In this study se-
rum- and tissue concentrations are not known and hence the classihea
tion can be preliminary only and rather arhitrary In Statens Serum
mstitut the groups recorded in Table 4 are adopted preliminary

It 15 scen from the table that strams mlubited by < 1 pg per ml are
considered sensitive to staphylomyein becanse satisfactory climeal ef-
fects have been obtamned m fections causcd by staphylococer known
to be inlubited by concentrations of about 02 pg per ml

TABLE 4

Classification of Baclerta tnto Different Sensitu iy Groups According to Sensitit tly
to Staphyl: and the Relationship between 50 per Cent Inhibitory Concentration

and the Zone Size in the Pre Ihffusion Method

Diameter of

50, 1nlubitory il ibibon

eentration Sensitivity zone with
with plate-dilation group pre-dilfusion

metho

Inmm*)

Sensitive < 1 sg per ml + 4+ + = 30 mm
Moderately sensitive 1- 5 #g per ml + 4 29 17 mm
Relatnely resistant 5-20 ug per ml + 16- 7 mm
[ £ 6mm

Resistant >20 #g per ml

* The diameter 1s determined 10 dises (6 mm) holding 50 #g of staphylomyen nnnlo
per cent blood agar without peptone after pre diffusion for 20 hours at 20°C

TABLE 5
The Sensitiwudy of 8 Staphglococcus aureus as Determined by the Pre Diffusion
Vethod Recording Inhibition Zones tn mm
EE Z lzy= e | ET 2
Steatn —i—:? Tt i8¢ P FEY ELE:E‘
§nF | SE, E-SSE) SSg | 22E | bz
ZEg | 287 Z2FzTs! 28| 24 | -E2
Staph aureus 124 33 0 38 [ 0 0
226 26 35 34 [ 0 [
227 37 n 43 0 34 o
228 12 0 34 49 30 0
229 13 0 30 0 a [
230 34 0 30 39 0 0
231 34 0 40 0 0 0
232 30 L] 43 ()] 34 0

¢ Quantity of antibiotic 1n disc

The pre diffusion method 1s calibrated as follows a number of stramns
are sclected m which the 50 per cent nhibilory concentribion has heen
determined by the plate ditution method, the sensitinily of the same

strams 15 determined sumuitancously using dises contmming 100, 50,
95 pg after a peniod of pre-diffusion of 20 hours 1he corresponding
o al

and
:'ﬂucs are plotted m a diagram for each disc content and the optim
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dise content 18 chosen by comparison of the diagrams 50 xg per dise
15 found to give small mhibition zones with relatnely resistant strams
which are nhubited by 10-20 pg per ml, and zones of > 30 mm with
«trains which are mtubited by < 1 pg per ml Hence, 1n the prevailing
circumstances this content must be considered most adequate (Fig 1)

By means of the stipled horizontal lines which mdicate the hmits he-
tecen the sensttivaty groups the corresponding limits 1 mhibition zones
are determuncd (ef Table 4) Although the points are distmibuted along
a shghtly curved hine the fixed strmght line will gne a sufficiently re
liable correspondance between the inhintory concentrabion and the
diameter of the inhibition zone

Correlation of Sensitwtity to Staphylomycin and {o five other Anlibrotics
as Determuned by the Pre-Diffusion Method

A correlation between the sensitinily of staphylococer to benzylpen:-
cillin and staphylomycin 1s of great practical snterest A total of 63
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tamable 1n clinical routine are considered resistant In this studv se
rum- and tissue concentrations are not known and hence the classifica
tion can be prelininary only and rather arlntrary In Statens Serum
msthitut the groups recorded 1n Table 4 are adopted prelumnary

It 1s seen from the table that strains inhiluted by < 1 pg per ml are
considered senstine to staphylomyemn beeause satisfactory clmical of
fects have been obtauned m anfections caused by staphilococer hnown
to be inlubited by concentrations of about 0 2 ug per ml

TABIF 4
Classification of Bacteria info Different Sensttu iy Groups According lo Sensiltwily
to Staphylompein and the Relationship betiveen 50 | er Cent Inhabitory Concentralion
and the Zone St=e 1n the Pre Diffusion Method

10 ameter of

20, inlul 1tors inhit1uon

concentrotion Senshinity rone with
with phite hluhon sroup yre d flus on

ethod mettol

Inmm*)

Sensitive < 1 #g per ml +++ = 30 mm
Moderately sensitive 1- 5 #g per ml + + 2) 17 mm
Relatively resistant 5 20 #g per m} + 16 7 mm
Resistant >20 #g per ml 0 = 6mm

* The diameter 1s determined 1n discs (6 mm) holding 50 #g of staphylomyein on‘IO
per cent blaod agar without peptone after pre diffusion for 20 hours at 20°C

TABLT 5

The Sensttunty of 8 Staphylococcus aurctts as Determuned by the Pre Diffusion
Vethod Recording Inhibition 7Zones in mm

! £ £

Steun T3 g3

if= 2z
Staph aureus 124 13 0 0 0
226 26 35 0 0
227 37 [ 34 [
228 32 0 30 0
229 33 0 0 0
230 34 0 0 0
231 31 0 0 0
232 30 0 34 0

* Quantity of antibiotic i dise

The pre-thffusion method 1s calibrated as follows 1 number of struns
are sclected 1n which the 50 per cent inhibitory concentration has been
determned by the plate dilution method the sensitimaty of the vurm
strans 1s determined simultancously using dises contumng 100 50
and 25 pg aftera period of pre diffusion of 20 hours The corrcsponding
values are plotted 1 a diagram for eich dise content nd the optim i
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Considering the pros et cons with a view to the mainly topical use of the
antibiotic 1t must be admitted that it hardly ever wall be used in unner-
sal trealments of severe, general infections and, morcoyver that no cross
resistance with the hnown antibiotics seems to be insolved Whether a
development of resistance to other antibrotics accompamies the deve
lopment of resistance to staphylomyein cannot be deducted from thys,
but such deselopment mav be anticipated On the assumption that re-
sitance to staphylomycin need not muolie simuitancous resistance
to other antibiotics, 1t must be considered adequate for local use
Wilhin these limts of indication staphilomyein must be received as
a aluable supplement to the number of antibiotics available for the
topical treatment of local infections

The routine determimation of bacterial sensitivity may be carried out
In a diffusion as well as a dilution method The veloaits of diffusion of
he compound being rather low, mhintion zones n tests using sensitive
strams will be relatisely small Parallel with features known from other
compounds the correlation between the dilution and diffuston methods
may be improved here also by pre diffusion of plates (Frolund Thomsen
1962) Parallel with our ncreasing hnowledge of serum and tissue

conceniritions, the arbitrary classification into groups of sensitivity
has to be changed

SLMMARY

The n vilro actinity of staphylomyen 1s determined by the plate
tilution assay agunst 175 strains belonging to 19 different genera

The inhibitory concentration of staphylomycin agunst Staphylo
coecus ureus 1s found to be about 0 2 xg per ml, the vanation of the

T:nhxlor; concentralion in the different strams 1s found to he neghg
thle

Staphylomycin affects almost exclusively the gram positine bacteria
nd 15 particularly actne against the gram positive cocer

No cross resistance of staphylomyein has been demonstrable with
[\L{IICIHII’] G tetracvehn, chloramphemicol and ersthrams ~on

N of sensiti-
. . 1n routine
te agar dil
fu w4t r s recommended gar it
REFFRF\CFS

harney J Fisher & P Curran € Vach
et S AT i AR e & ooz R 4 LTulell 4 4 Streptogramun

b s compo

Finn [N '
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Staphylococcus aurcus stramns was tested for sensitivity agmnst these
two antibioties, 36 of these strains were found to be resislant to pem
cilin, 27 where sensitive fo pepiealhn The sensitinaty to staphylomyein
n these two groups was of the same order

Table 5 shows the data of sensitiaty n § Staphylocoecus aureus
strams which are resistant 1o erythromyein It will be noted that sen
silinity fo staphylomyein 1s independent of the sensitivily to erythro-
mycem as well as {o pemaillin, tetracyehn, and chloramphenmcol Mo
thing can be smid about dimethoxy pheny Ipenicillin, as all of the struns
were sensifive

DISCUSSION

In the lreatment of bactermal infections, i particular nfections
caused by the mulliresistant bacteria, the introduction of any new and
actine antibiotic 15 of great value Staphylomycin represents & drug
aganst infections caused by Staphylococeus aureus, and it has heen
cffective even against such staphylococer as are found resistant to other
anfibiotics So far no exhaustive reports have heen pubhished on the
spectrum of staphylomycin

The results obtauned n this study show mhibitory concentrabions of
staphylomycm aganst staphylococer of < 04 pg per ml (70 per cent of
the strans are nlubited by < 02 pg per ml) This 1s 1 accord with
the few results previously reported (Dons & Foged 1961) and hesides
1t has been shown that the sensitinaty of staphylococer to staphylomycin
15 independent of sensitivity to other antibiotics as e g pemcillin G
tetracychin, chloramphenicol, and erythromyem

Staphylomyem 1s active almost exclusively agunst the grim positne
bacteria, in which regard it 1s comparable with the newer antibiotics a8
¢ g vancomycn, fistocetin, and oleandomycin

The sensitiaty to staphylomyecin of the 63 Staphylococcus aurcis
strams 15 rather wmform With the dilution mcthod two of the 63
strams were found to be more resistant than the rananing 61 When
the diffusion method was used one of these presented a sensitiuly
which equalled scnsttisities of the others and the results obtaumed wiih
the dilution method may thus be due to expermmental errors, the other
stram was found to have a higher resistance when assayed with the
diffusion method and should be considered more resistant Otherwise
the sensttitity n the varnous genera 1s found only to differ shghtly

The question 15 now whether the application of the antibotic 18
justificd or whether side reichions may be antieipited which contri-
dicate such application The main hazard, however, myolied m the
mtroduction of a new antibiotic 1s that st may produce resistant struns
aither directly during treatment or as a result of a selection on a long
view whereby 1t, sooner or later, may loose its cffeetraty mnd contribute
to an unfortunate alteration of the bacterial flora

How serously these hazards are to he taken 15 a mutter of opmion
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METABOLISM OF H.A.1 TUMOUR CELLS

Glyeolysis and Crablree Effect
Sensttinty of Respiration to Orygen Tenston

By

BEST L SORENSEN
Recened 21vii1 62

The demonstration of differences 1n the metabolism of mahgnant and
normal tells may afford guidance for chemotherapentic experiments
Comiersely, the induction of metabolic tumour-cell charactenistics
normal cells may form the basis of a study of the mechanism of carcino-
genesss, which 1s the objeet of the present study

An imsestigation of this nature haweter, 15 only pessible by means
of an experimental mcthod that can reproduce with sufficient certainty
the metabolic differences between malignant and benign tissues There-
fore, the study of these differences must be the primary object

1n the present study of the \! h 1stics of 1 t
cells the author used HA 1 tumour cells In a subsequent paper the
results will bo apphied in experiments on carcinogenesis

The 11 A3 asates tumour was found in 1936 by fversen, who de-
seribed ats chromosomal charactersstics w1958 Helerologous trans-
plantation from mice to rats was altempted by Iversen m 1958b and by

lversen & Sorensen in 1960, and the growth data of the tumour were
anatssed by Sorensen mn 1962

The aluhily of mahignant Ussues as distinet from hentgn tissues to
form Inctic aerd under aerobic and anzerobic conditions was demon-
strated by Warburg in 1923, and it was shown by Crablree i 1929 that
widittan of glucose inbibuts the respiration (Crabtree effect) of malign-
it cells while only 2 few benign tissues show such effect The reaction
of H A T tumour cells to addition of glucose 1s studied 1 the following,
nd the explanation of the Crabtree effect will be discussed in relation
to e Pasteur effect

Osgood & hrippaehne demonstrated 1n 1955 that the growth of fcu-
haemie edls 11 oifro had an optimal oxygen lension Ateler {1957)
found the m yomum respiration of Jeuk wemic eclls at a gas phase of
10 per eent Oz, whercas the respiration of normal feuhocytes does not
depend upon the oxygen tenson These imvestigations were carried out

9 actaratu 572 129
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de Somer P & Diyeh P tan A preliminary report ¢n antihictic no 899 a strepto
gramin like substance Antibiotics & Chemotherapy 5 632 1925

de Somer P & tan di Yoorde JI Tirst chinual mvestigatr ns with staphlomyr o
(antihictic number 899) 1n fifty cases Antibiot Med & Chin Ther $ 786 137

Themsen 1 Erolund Correlation of the plate dilution method to the agar diffesin
mecthed {disc and tablet method) with a special view to the i rtance of pre
diffusion  Acta path et microb1 1 secandinav 5% 107 1962

ThomsenV Frolund Resistenshestemmilse med pre diffusionsmeteden to Fe pull

Yanderhacghe H  tanDijeh P Parmentier G & de Somer P Isolation and pro
perties of the comjonents ¢ f staplivlomvein Antibioties & (hemotherapy ¢
606 1957
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METABOLISY OF H A1 TUMOUR CELLS

Glycolysis and Crabtree Effect
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The demonstration of differences in the metabolivm of mahgnant and
normal cells may afford guidance for chemotherapeuhic expermments
Comersely the nductian of metaholic tumour cell charactensties m
parmal eclis may form the basis of a studs of the mechanism of carcino
pinesss which s the ohyeet of the present study

in mvestigation of this nafure howeser 1s only possible by means
«f w exy erumental mcthod that ean reproduce with sufficient cerfainty
the metibolic diffcrences between malignant and benign bissnes There-
fore the study of these differences must be the primars object

In the present studs of the melahohic charactensuies of mahgnant
etils the author used H A 1 tumour cells In a subsequent paper the
restfts wll ey lied 1n experiments on careinogenesis

The H A U ascites tentour wgs found wn 1906 by Iversen who de
scrthed s chromosomal chartetcnstics in 19282 Heterologous frans
1 intition from muce to rats was attempted In Joersen 1n 1958b and by
{versen & Sorensen in 1960 and the growth data of the tumour were
analssed 1y Sorenten in 1962

The alility of malignant tissues a» distinet from benign tissues to
fcrm dactic ve1d under aerobie and gnacrobic conditions was demon
sirted v Warburg i 1923 andat was shown by Crabtree in 1929 that
1 hitton of glueose inhibits the respiration (€ rabtree effect) of malign
mt cells while onls a Few bemgn tissues show such effect The reaction
MH AT tumour cells 1o addstion of glucose 1s studied 1n the following
and the exgtanation of the Crablree offect will be discussed n relation
O th Pasteur effect

Oy cd & Artppachne demonstrated in 1941 that the grawth of lew
ha mic cells i e2tro had an optimal oxvgen fension Agefer (1%:7)

found the mumam respiration of Jenhacnme cells at

10 per ecnt O @ gas phase of

) wherens the ruspiration of normal leukoesfes does not
dipend ugon the oxsgen tension These 1y estigations were carried out
3 acvaeatn 87 2 129
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with the  Cartessn diver respirometer’ (Lindersirom I ang 1943}, and
the present author has attempted to reproduce hieler s findings 1n leu
haemac cells and lader i Yoshida ascites cells, (Kieler 1960) waith H A
tumour ecils m i ordinary Warburg respirometer

METHOD AND MATFRIAL

The H A 1 tumour cells were aspirated from 3 month old Bacg mice 8 to 11 davs
after transplantation Haemorrhamic aseites was disearded Differential eounts of
the ascites fluid showed that 85 per cent of the cells were tumour cells 12 ¢r cent
polymorphe nuclear granulocates and 3 per cent histiocvte hike cells No mast cell
were observed The aserage concentration of cells was 125000 per cubic mm of
aseites wath a coefficient of variation of 20 per cent Counting was carried out an
a Burker Turh hacmocrtometer after dilntion wath the medim used The ascites
contaiming the cells was diluted at least 50 times so that the ascitic flmd made vt
a maximum of 2 per cent of the cellular suspension used m the experiments War
burgs mdirect methed  (Warburg 1924) Was used for determiming glyeolysis
Crabtree cffect and haeler effect Moreover the Crabtrec effect was e tigated
using Warburg s direct method  (Warburg 1923) The cell counts per Warlurg
flash ranged from 3 X 106 to 13 X10 The average «f 5 mvestigations sh wed that
1 mg H A1 tumour cells as drv substance 1s made up of 319 X 106 cells

The medium used for the indireet Warburg experiments was a modified Ringer
Locle solution (Parker 1950) Which ccntmins per htre  hCl 5 €338 mMat CaCl
2162y mMol \aHCOy 145 mMol NaCl1129 €357 m\T 0 Tris (hyvdroxymethy]) amine
methane { Trs ) 300 mMe] Maoreoser penieilin 0121 g and strep tomyom 0050 g
were added yer litre This <olution contuns per hire 3¢ asmotic milliequis alents
By adding other ccmpounds or removing compcunds already present the amount
«f Na(l mav be regulated to heep the «smotic ¢ neentration constant The same
solution without \aH( O3 was used for the direct Warburg experiments

Trs was de eribed by Gemorr in 1936 The pH (f the buffer 1s a ljusted to 74
The capacity of 3 ml of huffer with HCO; and 5 jer cent CO in the gas phase
was cakulatel m the wav that apprax 12 X 10 equnvalents aeri==apprrv 300
mm3 (O corresponding to the mnamum capacity «f the manometers alters {1
01 1mto the acid directicn Without bicarbonate and €O the ccrres; onding capacity
15 only abcut 3 X 106 cquisalents == approx 70 mm* CO

Owing to the alihh of the Trs Tuffer £Or acxd and (O, retentron the man
metric lactic acid determination was crrected as advoeated by Umbrett Burris ¢
Stanffer 1957 Txperiments sh wed that the Tris huffer retamned %4 jer cent of the
produce t lactic acid and 10 per cent «f the respirators CO-

With a v1ew to measuring Tespiratory actitits at sari us ovsgen tensions the
authcr assessed the uncertanty in <ingle exj eriments by means af parallel expen
ments with different oxsgen tension in the gas phase thus ascertaiming the sigm
ficunce Tmnt ¢ 1 didferentes delTmaned By Ahe 1 vesent mrihod The vaniance on tw
<ingle determinatiins was found to be 01390 4t the % jer cent significance Iimat
and with 7 degrees f freed m two single determinati ns theref re differ by a
maximnm «f 24 X 037=—=089

The gas phase contaming 5 per cent €O was butllcd thrcugh the icarbonate
contaiming buffers £yr 5 h urs at 37° by means of a fine glass filter with a view to
1 hysical cquilibrium

RISUL TS
Glycolysts

On the wsumphion thit the RQ value of the H 4 1 tumour cells 18
086 the ghveolvtic CO production was ealculated on the basis of the
total computed CO  preduction 1t 1 glucose concentration of 50 mMol
wnd gis phases of 95 per cent O + 5 per cent CO  (designated 2
werobic) wmd 9y piroeant N+ 5 perocent CO (+ 01, per cent O-)
(designted as ncrobic) respectivey The values found are histed m

Table 1



131
TABLE 1
Resprration [QD') anl Glycolysis of the M A1 Tumour Cells under 1erobie Condt
tions (Qf:) and under Anaerobie Conditions 1QY* ), Statedt per Cell per Hour n
i

mm3 X 10¢

Qo [ o l o l rE ] Mo0Q

59 88 168 80 11
40 44 162 ns 89
31 i 86 44 13
76 89 1817 88 35
53 82 172 90 51
21 27 11 17 24
Mean $7 84 137 73 47

Abcolute Pusteur Fffect (PF)mq) @ Meverhots Oxidation Coefficient

Pt
(0Q) =3 x re Tris bicathonate huffer 50 m\ol glucose Warburg s mdirect
o

method

Conversion of the mean values 1n Table 1 to mg dry weight gines the
ralues shown n Table 2

In other words, each time the tumour cells take up 1 mol Oz under
ierobic conditions 1 36 mol lactic aeid 1s formed

Under anaerohic conditions 43 7 mm? CO: 1s hberated by the produ-
ced lactic acid per mg dry weight per hour This corresponds to 0 001951
Mol of laclic acid, and 1o this end 0 DODD755 miol of glucose = 0 17559
mg of glycose 15 consumed Thus, under anaerohic conditions 1 mg of
glucose will he consumed 1n about 6 hours

s « control on the manometric method the Inctis aesd £o= nation was

formation
nge of the
= ' avscablicd danometricalls: On the average, the anaerobic gly-
colvsts amounts 10 118 per cent of the aerobhic glycolysis

TABLF 2
¥ean Values Jrom Table 1 Converted to per mg Dry Weight Values Stated 1n mms
—_—— T
o,
Qa, of o | i Mog
i ¢
150 204 37 23 %]
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with the “Cartesian diver resptrometer” (Lindersirom Lang 1843), and
the present author has attempted to reproduce Kieler s findings m len
kacmice edlls and later in Yoshida ascites cells, (Kieler 19609) withHA1
tumour ceils 1n an ordinary Warburg respirometer

MFTHOD AND MATFRIAL

The H A 1 tumour cells were aspirated from 3 month old Bagg mice 8 to 11 davs
after transplantation Hacmorrhagie ascites was discarded Differential counts of
the asestes fluad showed that 85 per cent of the cells were tumour cells 12 per cent
polvmorphonuclear granulocstes and 3 per cent histiocste hhe cells No mast cells
were observed The average concentration of cdls was 125000 per cubie mm of
ascites with a cacffierent of variation of 20 per cent Counting was carrted cut 10
a Burker Turk haemocstomcter after dilution with the medium used The ascites
contaiming the cells was diluted at Jeast 50 times so that the asatic flmd made up
a maximum of 2 per cent of the cellular suspension used 1n the experiments War
burgs ndirect method (Warburg 1924) was used for determining glycolysis
Crabtree cffect and hieler cffect Moreoser the Crabtree effcct was msestigated
using Warburg s direct method (Warburg 1923) The cell counts per Warburg
flask ranged from 3 X 105 to 13 X10° Thc average of 5 mmvestigations showed that
1 mg HAY tumcur cells as dry substance 1s made up of 319 X 106 cells

The medium used for the indirect Warburg experiments was a modified Ringer
Tocke solution (Parker 1950) which contains per hire h(l 56338 mMol CaCl
21625 mMol NaH( O3 145 mMol Na(l 1286357 mMol Trs (hydroxy methyl) amino
methanc ( 1ris ) 300 mMal VMorcover pemicillin 0121 g and streptomyain 0050 8
were added per htre This solution contamns per Iitre 336 osmotic milliequivalents
By adding other cempounds or removing compounds already present the amount
of NaCl may be regulated to heep the osmibic concentration constant The same
solution without NaHCO; was used for the direct Warburg experiments

Tris was described by Gomors m 1946 The pH of the buffer 1s adjusted to 74
The capacity of 3 ml of buffer with HCO; and % per cent CO 1n the gas phase
was calculated in the way that approx 12 X 104 (quivalents acid = approx 300
mm3 CO_ corresponding to the maximum eapaaty of the manometers alters pH
01 inte the acid direction Without hicarbonate and CO the corresponding capacity
1» onlv about 3 X 108 equn alcnts = approx 70 mm3 CO_

Owing to the alihity of the Tris buffer for acid and CO, retention the mano
metric lactic acid determination was corrected as advocated by Umbrert Burris &
Stauffer 1957 Experimcunts showed that the Tris buffer retained 54 per cent of the
produced lactic acid and 10 per cent of the respiratory CO.

With a view to measuring respiratory activity at various oXysen tensions the
author assessed the uncertainty 1n single experments by means of parallel exper!
ments with differcnt oxvgen tension an the gas phase thus aseertaining the signt
ficance limit on differences determined by the present method The variance ¢n two
single determinaticns was frund to be 01380 At the 5 per cent significance himil
and with 7 degrees «f freedom two singlc determinatiins therefcre differ 1y a
maximum of 24 X 037=0389

The gas phase contamming 5 per cent CO  was bubbled through the bicarbonate
contaiping buffcrs for 5 hours at 37° by mcans of a finc glass filter with a view to
physical equibbrium

RITSLITS
Glycolysts

On the assumption that the RQ value of the HA 1 tumour cells 15
0 86, the glycolytic CO production was calculated on the basis of the
total computed CO production at 1 glucose concentration of 50 mYfol
and gas phases of 95 per cent O + 5 per cent CO. (designated as
acrobie) and 93 per cent Nz + 5 per cent CO (4 015 per cent Oz)
(designated as anaerobic) respeetinvely The salues found are histed

Table 1
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Your gives Whe vadues shonn ir Tabfe representing 4 experiments
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TABLE 3

Lactic Acid Formatton by H A 1 Tumour Cells Determined Chenucally 50 m\ol of
Glucose Values Given per Hour tn mm3 CO2

' 68 pluase ’ Serobic \nacroble Pr
i
o per cell (X 106) 16 109 63
per mg dry weight 147 348 201
18
[ OmM GLUCOSE
16
50 mM
Y s GLUCOSE
e
=
"
E 12
E
o
]
Se
§
o
> 8
4
=
a
)
3
z
o
3
°N 4
2
o
| 2 3 4 5
HOURS
Fig o

Fffect of 50 milol of glucose on resprration of H A 1 tumour cells
Tris bicarhonate buffer Indirect Warburg method 95 per cent O + 5 per cent (02

Crablree Effect

The O: uptahe of HA 1 tumour cells at a glucose concentration of
50 mMol, was compared with the Q2 uptahe under endogenous condi-
tions The respiration cure is presented i Iig 1 which shows that
most of the first hour the presence of glucose will mhibit the
h subsequently continues following a straight line
¢ of glucose the oxygen uptake starts at a high rate,
ahout two hours the Qo,

during n
oxygen uptake w hie

Without the presenc
but shows an INCTEasIng fall At the end of
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TABLE §

tal Hour
amour Cells m the Fust Frperunen
Erdmgenous Respration of M AL TG0 et Yargung O Tensions

Qo
e
temggnent Per ceat (¢ in fhe gas phase
° e

S 1 E el kel
2.3
21 31
! on e a8
) 21 17
159) aom
43 25
¢ 100 o
4 22 12
(183) (100}
3 14 11
(180 100}
s 28 20
i (o)
11 11
7 1om an
5 07 13 13
h s) 100y
3 12 13
(140 oy
i 18 26 13
a8 anoy 50)
1 13 19
! (100) azn
i 21 13 12
i 100y s
1 18 29 34
52y {1omy arn
1 24 18 35
(583 (1em {13
Mean of percentages 35 129 100 8 )

The Higures 10 brackets mdieate the Qg 1n per cent of Qog at 20 pier cent O, In
additian to the 02 pereentage stated all of (he air mixtures contain % per cent £Oy
The remainder was Nz Tris bicarhonae buffer Warburg s sndirect method

The hattam Iine 1n Table 6 shows that with 10 per cent G2 1 the gas
phase the endogenons resprratian of the H A 1 tumour cells ys greatest,
mhibition occarring 2t a higher as well as lower oxygen content How-
ever, {his tendeney could not be demonstrated in every experiment
Assessment of the indiidual experiments when the oxygen percentage

~ fowered trom 10 (or trom 20) o 5 per cent (a dufferchee n Op. of
09 howng considered significant) shous,
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glucose has been consumed and that the function now measured 1s the
endogenous respiration The immediate inlubition by 5 mMol of glucose
15 helow that of 30 mMo! of glucose

According to Quastel & Bickis (1959) the Crabtree ¢ffect X 2P0 =

acrobic glyeolysis (Qo,—Qo, (gluc)) X 2P/0 = Q?
As P/O was found to be 3,
Q()_
1

_ =6 D
Qo> — Qo. (glue)
TABIF 5
Oxpgen Uptake of the H A 1 Tumour Cells (mm3 X 10 ) unthout Glucose and wiih 5 m¥fol
of Glucose Direct Warburg Vethod Atmospheric Air

[N [

0 m\Mol glucose o mVol Llucose |

|
Lxper No 1 2 3 1 1 2 3 4 ‘ 1 2 3 1 Vlean
1st hour 17 22 26 17 14 18 19 17 82 § 73 100 81
2nd hour 16 22 24 19 14 18 15 14 8% 82 63 (3 kil
3rd hour 22 22 17 18 17 15 82 77 8% 82
4th hour 17 15 88 88
5th hour 15 15 100 100
6th hour 16 15 4 9

This ratio may he expeeted 1if the ATP production n the tumours 13
constant, whether glucose 15 present or not, the ATP deficit caused b
the Crabtree effect bemng replaced by the acrobre glycolysis

The glycolysis values 1n Table 1 are from the 2nd hour of the expert-
ments in which the respiration has again become rectibinear The mean
value for glycolysis 1s 64 X 10 ¢ Table 4 shows that in the second hour
a Crabtreec effect of 19 X 10— 39 X 10 = 10 x 10* These values
mserted mto (1} make

64

— =01
10
The Effect of Oxygen Tenston on lhe Resprration of HAT
Tumour Lells

Ixperimental procedure The respiration of H A 1 tumour cells with
20 per cent O2 11 the gas phase 1 cach expcriment was compared with
the respiration n one or two other gas phases 5 per cent, 10 per cent,
50 per cent or 93 per cent Oz

The results obtained 1n the first experimental hour may be seen from

Table &
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DISCUSSION

Glyealysis

The pronounced abihty of tumour cells to form lactic acid \v\as de-
monstrated by Warburg in 1923 In 1923 Warbarg, Posener & Negelern
found that under anacrobic conditions the Flexner-Jobling rat carcin-
ofma consumed 12 § per cent per munute of sts own dry werght 1 added
glucose and 7 per cent under aerobic conditions, correspondingly, Jen-
sen s rat sarcoma showed a consumption of glucose of 16 per cent and
10 per cent under anaefobic and aerobie conditions respectinely The
findings for H A 1 fumonr cells 1n the present study correspond exactly
1o these eirly results

Studsing the Lhrlich ascites carcinoma, Warburg in 1956, found an
anaerobie Riycolysis of 70 mm® CO: and acrobic of 30 per mg dry
weight With the Krebs-2 mouse ascites tumour 3 #shok (1959) found an
acrohe glyeolysis of 22 and anaerobre glycolysis of 14 53 The absolute
ghveolvais values for the H A1 tumour cells also correspond to the
results of previous imvestigations mto ascites tumours

Normal tissues generally show a low aerobic and anaerobic glyeolysis
An exceplion 1s formed by embryonic tissue which has a high anaerohie
giveolysis but no notahle aerohe glycolysis ( Warburg, Posener & Nege-
letn 1924 Burk 1939, Fujtla 1928, Warburg & hubow:tz 1927) Howeser
1diee (1934) found acrolne glycolysis with human foetal tissue which
showed no signs of decreasing from the 10th to the 40th week of gesta-
twon

A number of non embryonie tissues hase shown a marked anacrobic
alveolyuis This apphes to the grey matter of the bram in vats { Warburg,
Pusener & \egeletn 1924) and to bone marrow as well as to leukocytes
The medutta of the guinea-pig kidney alse has a ugh anaerobic glyco
Iasiy €20 40) combined wath an acrohic glycolysis of 10 15 (Dickens &
Wil Walherbe 1936) In the case of mycloid bone marrow Warren
1194%) found acrobic glscolysis at 9 and anacrobic glveolvsic 2t 99 Ra

vty aosener & Negeletn 1924) In general, M may he
snd that the normal non embryonie tissues show anaerobic ghyeolyis,

somchimes appreenible, but aerobie glyeolvsis 15 rarely demonstrated
exept in sen low salues

€ rahteen Fifact,

In 1929 Crabtrce doonstrated that a 10 m¥ol glucose inhubits the
respiration of Jeasen s vt < ircoma by about 16 prer cent In ascites tu-
tmaurs thes Crablree offeet w i demonstrated by Aun
hane Ashiman (1931) who found a 50 per cent mh|lnh:;
Yon on adhiion of glucose to Fhrhich asciles careimom:
sues this effect of glucose has been found only exee

Talalay & Wal-
1t of the respira
3 In narmal tis-
Plionilly, eg
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—a sigmificant inhibitton 1n 3 out of 7 cxperiments (Experiments 10,
13 and 14)

—a non-significant mhibition 1 2 out of 7 experiments { Expenments
1 and 8)

—a non-significant stunuiation 1n one out of 7 experiments (I"tpen
ment 12)

—a significant stimulation in onc out of 7 experiments { Lxpenment4)

At an oxygen content mcreasing heyond 10 per cent and 20 per cent
O the respiration showed®

—a sigmificant inlubition 1in 4 out 13 experiments (Lxpeniments 2
3,10, and 14)

—a non-sgnificant imhibition 1 5 out of 13 expennunts (Lapen
ments 1, 6, 7, 8, and 12)

—no difference 1n 2 out of 13 experiments {Lxpermments 11 and 13)

—a non-sigmficant stimulation 1 2 out of 13 experiments (Expen
ments 11 and 13)

—a sigmficant stmulation m 0 out of 13 experiments

Only the two experimcnts showing stumulation of the resmeation al
5 per cent O milifate against maximum respiration at 10 per cent O
In these two expermments the maximum respiration occurs at an oxygen
content helow 10 per cent

Only 2 expenients mihitate aganst an mhition of the rcspiration
at an oxygen content of more than 20 per cent 1n the gns phase

Thus, during the first experimental hour only 4 out of 14 experiments
mihitated agamst the resprration being maximal at 10 per cent 0. m the
gas phase and mhabtted at lower as well as higher oxygen levels

Examples of typcal respiration curves at various oxyvgen tenstons art
gnen g 3

[ 20% 02
° oy 0%02 o
=3
- 2 2
"’g , °20%0, 5% 02
o P
o 15 30 45 60 (] 15 30 as 60
“SJ MINUTES MINUTES
&
a 20% 02 20% 02
z 3 s 3 5
=4
e 2z
§ \ SE0%0; o > 95% 02
H
© 0 15 30 45 80 0 15 30 45 60
& MINUTES MINUTES
Fig 3

t of yarieus 0Xygen « nientrations on the respiration of H A1 tumour cclls

ke Indirect W arburg method
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DISGLULSSION
Glycolysts
The pronounced sbility of tumour cells to form lactic acid was de-
monstrated by Warburg mn 1823 In 1924 Warburg, Posener & Negelen
found that under anaerobic conditions the Flexner-Jobling rat carcin-
oma consumed 12 4 per cent per minute of 1s own dry weight 1n added
glucose and 7 per cent under aerobic condibrons, correspondingly, Jen-
e s rat sarcoma showed a consumption of glucose of 16 per cent and
10 per cent under anaerobic and aerobic conditions respectnely The
findings for H A 1 tumour cells in the present stndy correspond exactly
to these carly results
Study g the Lhrhich aseites carcimoma, Warburg in 1956, found an
anaerobic glycolysis of 70 mm3 CO. and aerobic of 30 per mg dry
weight With the hrebs 2 mouse ascites tumour y ashok ¢ 1938) found an
acrobic glycolysis of 22 and anaerobic glycolysis of 44-53 The absolute
ghicolyas values for the H A1 tumour cells also correspond to the
results of presious 1mvestigations nto aseites tninours
“ormal t1ssues genefally show alow aeromc and anaerobic glycolyws
An exception 1s formed by embryonic fissue which has a mgh anacroe
g3 colvsis, hut no notable aerobic glycolysis  Warburg, Posener & Nege-
Ietn 1924, Burk 1939, Fujita 1928, Warburg & hAubowntz 1927) However
Villee 11954) found acrobic glyeolysis with human foetal trssue which
showed no signs of decreasing {rom the 10th to the 40th weeh of gesta.
tion
A numbher of non-cmbryonic tissues have shown a marked anaerobic
ghheoivais Thas apphies to the gres matter of the brain in rats (Warbarg,
Posener & Vegeletnt 1924) and to bone marrow as well as to leukocytes
he m:“““" of the guinea pig kidney also has a high anaerohic glyco-
“‘;":’ “;“”3“,‘;0"")']"6";“1 “lﬁ;‘ an aerobic glycolysis of 10 15 (Dickens &
I‘H'n"ru:;m: ]olnc Il“ ‘I e case of myeloid hone marrow Warren
una {rom rnh‘hc\rs ~ho§\ o is;: o4 and anacrohic glycolysns at 22 Re-
w18 of 88 por g drd w :‘::i lo e elycolsi of 45 and anaerobic glyeals-
tumonrs 1 nrburs‘l P(o:r re u‘mu a¢ Bigh as those found 15 ascites
i that the Homal nen et vegelein 1924) In general, 1t may be
ormal non embryome tissues shon anaerobre gheolyars,

sofmctimes appreciible buy o
erobic glycolysis 15 rarely demonstr:
et ptn very low salues T s demenstrated

Ceabtree Fffect
n«l":yrl:lf:n((:(‘{;"i::f"“"“"‘“('d that « 10 m\[ol glucose wmhibits the
mours ths (r- ::\ro .‘!“‘ “areoma In about 16 per cent In aseiles tu
ham Ashman ?;u':lclc tect was demonstrated by Aun, Talalny & Wil-
ton on addibiog of ,l“ho found 2 50 per cend inbibation of the respira
sies this effeet of oo gl HEteh ascites carcmoma In normal trs-

et ol glucose has been found onis exeoptionally, eg
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renal tissue from rats and in bovine articular caiiilage by Rosenthal,
Bowie & Wagoner (1940), and in retinal tissue from newhorn rabbits
by Cohen (1957)

The Pasteur cffect and the Crabtrec effect are demonstrable m HA 1
tumour cclls In contradistinction to the Pasteur effect the Crabiree
cffect seemungly has a closer coupling between the oxadative and glyco-
Iytic phosphorylation, the energy—in the form of ATP—Iost through
the resprratory inhibition being replaced by the ATP ganed by the
synthests through glycolysis This has been demonstrated by Quastel &
Bichis (1959) and confirmed, n the casc of H A 1 tumour cells, in the
present study On the other hand, a caleulation as above shows for the
Pasteur reachion a gan of energy 1n the form of ATP by the respiration
which 15 3 to 6 tumes greater than that lost through glycolysis When
the Pasteur effect 1s 73 and the oxygen uptake 4 7 per cell per hour,
and when 1 mol of ATP 1s formed per mol of lactic actd and 6 mol of
ATP per mol of oxygen taken up, the gam of cnergy in the H A 1 tumour
cells upon transition from anaerobic to acrobic conditions will be
6 X 47 =282 ATP as compared with the glycolvtic loss of 73 ATP,
te a 39 tumes substitution of the lost glycolytic energy The same
calculation shows that under aerobic condihions, with glucose as sub-

strate, the ratio oxidatnve/gly coly tic energy 1s 6 X QOJQ?-"—' 28 4164 =

44 In other words Under acrobic conditions the glycolysis contributes
by 18 5 per cent to the total energy production, calculated as ATP syn
thesis Similarly, the total anacrobic energy production n the HA1
tumour cells makes up only about 40 per cent of the total aerohc
cnergs However, Quastel & Bickis (1959) found that the anacrobic nbt
ity of tumours to mcorporate amino acids 1 protein was equal to or
greater than under aerobic conditions, the energy released through
glycolysis under anacrobic conditions being just as active as the energy
developed m the presence of oxygen In contradistinction, normal tis
sues and embryonic tissue could utilize the aerobic cnergy better than
the anacrobic cnergy for the incorporation of amino acids m proteins

The Pasteur effect and the Crabtree effect indicate the existence of
a regulation of the metabolism n normal cells and tumour cclls The
Crabtree cffect—the mhibition of the respiration due to glycolysis—
has been called the reverse Pasteur reaction, the Pasteur reaction being
an mlubition of glycolysts due to respiration

The present position as regards an cxplanation of these effects 1
apparent from reviews by Racker ef al and Chance et al who hwe
recently advanced the views to be reported helow

Studying ascites tumour cells Racker, Wu & Alpers (1960) found that
hevokinase and phosphofructohinase, which produce ADP from ATP
mn the glycolytic system, had a low actinaty as compared with phospho
glycerokinase and pyruvatehmase wlich synthesize ATP from ADP n
th‘e glycolytic system In other words, they cluumed that the ADP phos-
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4 1 a real, compehitne
phorylating enzymis of the glycolysis represen
factor agamst the pudatine phospharyiaton of the wmitochondnia This
1 pethaps the explanation why addition of glucose inhbats the respira~
tion and why tumour eelis have such a marhed production of lacte acud

Alterapons m ihe watgate phosphate of the wsees cells deeur
parailel with the intensity of ghyeolysis The uptake of extraceflular
phosphate was found to be too slaw to supplement the phosphors)ahion
of giscotysis Furthermore, respiing mutochondna compefe with glyce-
raldehyde 3 phosphate dehydrogenase for morgame phosphate when
phatose 1 present The explanation of how sufficient worganic phos
phate 1s procured for the ghycolysis mught then be that various sy ntheses
requinng ATT Liberate phospharus for the glycelyss
Thus glyeolysts and resprabon compete for ADP as well as orga
me phosphate, for which reason glyedlysis ean mnbat the yespiraton
(the Crabtree effect), and the oxidative phospharslation 1n the tumour
cells 15 not sulfscient to present acrobic synthesis of Yactic aeit Instead
of Warburg < assumption that the tumour formation 15 due to damage
to the respicators apparatus, it might be imagmed thal the prmary
change will be an ncreased synthests of ghyceraldebyde 3-phosphate
dehvdrogenase, swince @ hugh actintty of these enzymes mercases the
acrohie glycolysie
Immediatels after addition of glucose to Thrlich asestes tumour cells,
¢ hance (19641 found wrceensed respiration, expiuned by the ADP {or~
med by glucose phospharddation st { 2 the phosphorilation of the
astackondria Thus, contrars tothe view of Racker et al the respiration
18 then able (o compefe with glycolysis for ADP The mcreased respra-
tion 15 assoented wath v farge conswmplion of glucose, thus the hexo-
himase actisibs must he gh- contrary to Racker s statement Thys st
vertod durng which respiration and glucose phosphorylation 1s ncrea-
sed lasts for abuut one miute and s followed by a second perod of
fimos totalis mhihited resprration and ;zhcohn; The explanafion 1<
that the ATP ssothesized by axadatise phocphn;x {ation 15 hept spahially
scparated from and anaecessible to the hexohmase reaction Further
more the investigations showed that no pyrusate 1 formed durng the
first penod and hence no ATP, ssnthesized by glycolvsis, 1w avatable
for the hexohmnase reachion At the end of a fos m‘muh‘s the mhibition
';‘ the glveolvsis and the resprration subsidac., and. e W, R
Pt o, T componing o e
e effect Thus, m the <econd periad we hate a new
thenomenon representing a metabohe Teguiation of the tumour eelis
Lastis i mas be snenliened that Rieler (1960h) has shown that 1 per
eunt 8 the s phose ;) mhibat or 1halsh the Crabiree effe 1’
:mllmla mseles tumour eells The effect has een explawed by acv(l)r:
I:‘\“!I:t\"r}“t:}v{tn:?:llxwu??))vyru\ah (Wood & Werkman 1938), forming
metabolite 1n hrebs’ exele This results 1o ap
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introduction into Krebs’ cyele of glycolstic products, by-passing prru-
vate and acetyl-coenzame A, which shimulates the respiration of the
cells When phosphoenolpyrunate 15 comverted into oxaloacetate insterd
of mnto pyrunate, the glycolisis saves ADP for which the glyeolybic and
respiratory systems must be assumed to compete as alredy mentioned
The ADP thus saved 1¢ then avalable for the oxadatise phosphorylation,
and the respiration inereases Instead of ADP, mnosine chiphosphate 1s
found to act as a phosphate acceptor by synthesizing oxaloacetate as
desenihed above (Uller & Rurahashy 1954}

Effect of Oxygen Tenswon

Osgood & Krippaehne (1935) demonstrated that the grow th of leukae-
mic cells tn pilra was dependent upon the oxygen tension, and Kueler
(1957) show cd that the respiration of leuhaemie cells was at a maxinum
when the gas phase contamed 10 per cent Oz, while the respiration of
normal leukocy tes did not depend upon the oxsgen concentration 1 the
gas phase Kempner (1939) found that in many normal tissues low oxs-
gen tenstons caused low RQ values, which might indieate that chiefly fats
are burned Accordingly, Kieler (1960a), studying Yoshida asaites tu-
mour cells which show maximum respiration when the gas phase contains
20 per cent 0., found that addition of butyrate at this oxygen concen-
tration stimulated the respiration more than at 10 per cent Oz, while
at 80 per cent O: there was an mhibitory effect upon the oxygen uptahe
of the tumour cclls When Ciaranft (1938) faled to find a respratory
stimulators effeet of fatty acids i tumour tissuc the reason 1s that his
experiments were carried out in pure oxygen The use of non-optmal
oxygen tensions for the consumption of fat may also explam the find-
mgs by Weinhouse, Alten & Millinglon (1933) who m experiments m purc
oxygen demonstrated that a ncoplastic iver burns fatty acids at a <lower
rate than @ normal liver, and stated (Wewnhouse, Millington & Wenner
1931) that fatty acids in tumour tissue are broken down quantitatively
and qualitatively just as 1 a representatne group of normal tissues
Medes & Weinhouse 11958), furthermore, found that glucose i 100 per
cent O: may mlubit the consumption of fat, glucose bemg preferred by
Ehrhch aseifes caremoma cells, whtle glzcose 1n a normal Iner, accord-
g to Wetnhouse, Vilington & Friedman (194%) gives rise to an inere-
<ed fat oxidation

In the Light of the most reeent expermments performed at a physiolog-
1eal oxygen tension, it may therefore be presumed that fats are not only
normal nutrients, but the man endogenous substrate for the energy of
tumour cells

Beeause of techmical ditficulties i cahibrating apparatuses faor the
measurement of oxvgen tension m lssues, the hiterature gives only
Little mformation regardmg the oxygen tension at which the aseites

tumour cclls in tumour-bhearing mice exist On {he basis of imvestign-
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bions on Ehrlich ascites tumour, Deschner & Gray (1959) foun}(‘l the
oxygen tenson on the peritoncal surface lo be about 15 mm g mn
uee breathing atmospheric air and 40 mm Hg when they were 1n Pl;‘l't‘
oxygen In all cases the ox3gen tension falls with the distance {rom llc
penteneal surface, tumour cells § 15 mm away from it easting under
anncrobie conditions ‘This means at all times 80 per cent of the tumour
M"‘Y‘hc evsentiat probless 1 connecttan wath the oxygen tension optimal
for the lumous cefls 1 probably not the réole of oxygen tension n the
tumour genesis (cf Warburg 1936a, Wetnhouse, Warburg, Burk &
Shade 1958) kieler (19602) assumes that if the conversian af prrusate
1o active acetate were inhubited 1n tumour cells, hrebs’ cycle can utihize,
instead, metabelites from the breakdown of fatty acrd whose conversion
1o actine acetate 1s not thibited at a ph3siological oxygen tension The
finding that C'-labelied glucose 1n tumour cells 1s recovercd in respr-
ratory, CO: need mot pulitate against the presence of a “bottlenech™
between the glycolytic system and Kreby' cyele, as the glycolytic pro-
ducts may he transferred to Kreby' cyele via the Wood & Werkman
reaction (Wood & Werkman 1938)

According 1o the results stated, the optimal exygen tension for the
«ndogenous resprration of the HA 1 tumour cells must be assumed to
range from 10 to 20 per cent Oz n the gas phase This corresponds to
hadier s Tinding in the case of human lenhaemic cells in the Cartestan
diver and m the case of Yoshida ascites tumour cells under the same
conditions 1t should be mentioned, howeser, that a few of the experi-
ments failed to confirm this predotminant tendency Under the assump-
tion that the lugh resparation at the oxygen fenston concerned 15 due
to fatty acids ewng hurnt unhindered, 1t s inealeulable whether,
cases where the respiration 1s not maxsmal at 1020 per cent Os, the
tumour cells have contained a cashohydrate depot in the form of gly-
cogen which 15 preferred to fat as an endogenous substrate for the
rospieation of tumour cells This was found by Vedes, Thomas & Wein-
hose (1960} 0 the case of Fhrlich aseites tumour cells To a great
axtent these eells will consume palmitate for the respiration, but af

#lucone were offered n small quantities palmitale wounld be spared and
glucose burned instead Howrver o sncc bty -0

hadrate in the EH A umour . .
ed av the tumour cells ke

the reading of the resulfs haa swarted Nev ertheless, variations mn these
celis content ol nuteients must be expected to influence the experi-
mental results Furthermore, the factors which nfluence the share of
the amino acids in the measured Tespiration have not been elueidated
Oniy st 1s known that ammenia may he formed In the case of Jeasen's
fat sarcoma s corresponds to the fact that half the respiration w

due to breakdown of amine acids {Dichens & Greovile 1033) T n‘“‘“
W must be mentioned that the present method fails to d‘cmon‘ﬂ::a;\c'
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definitcly differences in Qo, under 09, while the technique used by
Kieler 1s conswuderably more sensiine

SUMY4ARY

The glycoly tic factors relating to H A1 tumour cells were inyestigated
Under aerobic as wcll as under anacrohic conditions, the values repre-
scnting the glycolysis of the tumour eells were found to be charaeler-
1stic of asaites tumours when compared with the findings of previous
authois Under anicrobic conditions the cells were found fo have, n
6 hours, a consumption of glucose for lactic acid production which
corresponded to their own dry waght Inhmbition of respiration due
to glycolysis (Crabtrce effect) was demonstrated m experiments on
H A 1 tumour cells The energy synthesis lost through the respiratory
mhibition appears to have been replaced by increased glycolysis

The role of oxygen tension 1 the respiration of tumour cells was
demonstrated by Kieler 1n 1957 The mnvestigahions mio HA 1 tumour
cells show that under ¢ndogenous conditions the respiration 15 at 1
maximum when the gas phase contams 10 20 per cent Ox winch, ac-
cording to Kieler’s studies, appears to be characteristic of tumour cells
At mcreasing ovygen tenswons the respiration of the tumour cells 18
hibited, presumably because of an mlnbition of fat breahdown Di-
spite a predominant tendency, the rcsults of the H A1 tumour cell
cxperiments were rather varied This may bhe duc to a deficient know
ledZe as regards the naturc of the endogenous nutritional depot of the
tumour cells Owing to 1its greater sensitruaty, ‘the Cartestan diver
respirometer” must be considered more adequate for the demonsiry
tion of shght differences n the respiration of cells than the ordmary
Warburg apparatus used in the present experiments
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definstely differences i Qo, under 09, while the technique used by
Kieler 1s constderably more sensitive

SUMMARY

‘The glycolytic factors relabing to H A1 tumour cells were mnvestigated
Under acrobic as well as under anacerobic conditions, the values reprc
senting the glycolysis of the tumour cells were found to be character
1stic of ascites tumours when compared with the findings of previous
authors Under anacrobie conditions the cells were found to have, n
6 hours, a consumplion of glucose for lactic acd production which
corresponded fo thar own dry waght Inhihition of respration due
to glycolysis (Crabtree effect) was danonstrated in (xpermments on
H A 1 tumour cells The energy synthesis lost through the respirators
mhibition appears to have been replaced by incrcased glycolysis

The réle of oxygen tension in the respiration of tumour cells was
demonstrated by hteler in 1957 The mvestigations into HA 1 tumour
cells show that under ¢ndogenous conditions the respiration 1 at @
maximum when the gas phase contans 10 20 per cent Oz which, 1c-
cording to Kieler’s studics, appears to be characeteristic of tumour cells
At increasing oxygen tensions the respiration of the tumour cells s
inhibted, presumably because of an mhibition of fat breahdown De
spitc a predomnant tcndency, the results of the HA L tumour cell
experinients were rather varied This may be due to a deficient hnow-
ledge as regards the nature of the ¢ndogenous nutritional depot of the
tumour cells Owing to aits greater sensitiaty, “the Cartesian dner
respirometer” must he considered more adequate for the demonstra-
tion of shght diffcrences in the respiration of cells than the ordinany
Warburg apparatus uscd m the present expernnents

REFI RINCIS

Burl I A collogmal consideration of the Pasteur and nco Pasteur cffects Cold
Spring Harbor Sympos Quant Biol 7 420 459 193}

(hance B A digital computer represcntation of chemical and spectroscopie studies
on chemical control of aseites tumour ccll metabolsnm  Amine acid protem
and cancer biochemistrs p 191 212 1960 \c Presy

Chiaranft F On the ability of tumor tissue to oxidize the fatty acids in tlro Am

(ancer 32 561 564 1338

Cohen I H Glucose inhibiticn of respiraticn in the devdloping reting Fed Proc
16 165 166 1927

(rabtrec H G Observations «n the carhohvdrate mctabolism «f tumours Bicch

J 23 536 54> wz.!l - . ) . v
Gra nfluence of oxvacn tension on X rav induced chro
Deschner P E & Gray [ o avertes tumoar ccdls srradiated in ¢ otro Radration Hes

bolism of normal and tumour tissue 1N Ammonia
J 27 1123 1133 19313
- Vletabolism of normal and tumour tissue MV A
medulla of Jadney Broch J 30 652 660 1936
Fujiza v o der horperzellen Biochem Ztsehr 197 175 188
1928



FRIME DEPSRTUFA\T { OF P4THOLOGY LNVFRSITY QF (GTHFVBLRC
SWEDEN (RE4D T VELIGREN U D)

FFEFCT OF HEPARIN PROTAMINE, DICOUMAROL,
STREPTORINASE AND EPSILON AMINO N CAPROIC ACID
ON THE GROWTH OF HUMAN CELIS IN VITRO!
oy

AR\E 1 tsRELL and JAS MELLORES
Tecerved 30 vin 62
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FMerck AG Darmstadt, Germamy) 2 g dissolved in mm:o ;n}l :i‘u ‘3&2{31‘.‘3 :vdxd\:;

e drspersions from theee flashs were pooled and 120 m! o (i medium added
T sl et suspenssan 31 added to each of shout 60 ler tubes which
3«:‘:: ocabated immobite at 37° C. F“.I.’..’,:J".‘i?e:'}?o',:”‘f'.‘!? senes determmed
Tl ol vl e s B o S
g '"‘f : ,irtnsur: of the cell quantity on a particular occasion Thc‘ u\e{“ga
mber af colls per tube after 24 hours® meubatyon was checked by counting in &

¢ .
1ML

Esuigm and Fosilon amuna n esprowe geid (E4CA) (Dight & Co Ltd, Colnbrook,
Fngland)
L R

uts aliu Moo 6 L proteolslic enzsme fibrinolvun (plasmn), which cataly zes
the decomposition of a series of proteins amaong others haemoglobin and fibrin
Since the (luid Mmedium confains human serum stréntokinace can ast

RESLLTS

Heparin The growths of the tested strains Bl If and €3 1], were not

H % hepannt
. 1
s i s Six experiments were performed, four wath
Bl 11, two with Sirmn €3 1, ang ali the above mentioned con-
wentrations of plasma and heparat A typieal experiment is illustrated
m kg 2 After {he third day, the cells regularly had srmilar growth
rates i flnd medwm alore ard o fusd medum plas plasma, wrrespee-
tne of the hepirn concentration Howeser, addition of plasma to the
fimd madiem apparently gave a transient growth increment, less pro-
nounced when hepann was present But, hecause cantzal [ T ITCOREN
showdd that the amount of protemn adhenng to the glass shghtly -
creasced when plastsa byt nel when plasma plus heparti—was ndded
to myxtures of flind medium and cell extract, il seems ikely that ths
transient frowih increment nas Musory and actually duc to preci-
mtued hibrin

'
Strain §

Protanune In three tnals the growth of Strain BI II, the only one
testid, was ot affected by 90} mg*e prolamine sulphate but distinetls

100
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found that Strain L cclls grown in suspenston cultures contarning 00001 01 per cent
heparm showed no inhibition of mitosis or cell growt

On the other hand the view that heparm affects the cells direcths 1s borne out by
expermments 1n which heparm inhibited the growth of veast cells (13) and bactenal
division (43, 47) Moreover Hedbrunn & Walson (18 19) reported that addition of
heparin or dicoumarol to the medium preventcd the premitotic gel state and thus
mitosts atself from devdlopimg an fertilized Chactopterus eggs 1 appman {30) re
ported a clearls sypmificant reduction of the mitobie 1ndex 1 and yolume of Fhrlichs
asustes tumor in mice after a single intraperstoneal heparin injection Moreover
Zakrzewshe (56) reported that Jensen sarcoma in rats and pols morphocellular sar
coma 1n micce showed reduced growth after heparin injections intrayenously, antra
peritonically and mto the tumor atself According te acour (& al (28 29) crall
admimistered dicoumarol exerted both growth snhibiting and metastasis reducing
actions on homologous transplants of the rat utcring epithelioma T8 Guérin

Anather mcchanism whereby heparia could snhilit metastatic prowth would be
by reducing the permeabihity of the ground substance of vessels and connective his
sue by virtue of 1ts antihy alurenudase activity (10 14 16) Bala-s & Holmgren (3 5)
demonstrated that repcneration of anjured tissue 15 rctarded by the increase of it
sulphomucopolssaccharide content Prode ef al (37) and Ohlwnler (34) reported that
heparin inhibited wound healing, Analogoushy Jollcs & Greemng (23) injccting hepa
rin 1 and around sarcoma transplants 1n mice found that the growth of the trans
plants was retarded and the proporfion of successful transplants lowered

Normally heparin 1s stored n connective tyssue mast cells (2 24), apparentls pro
tecting the tissue against toxie lesions (20) Increascd numbers of mast cells have
been reported 1n the naghbourhood of animal tumors (3, 8 21) anterpreted as 8
defensive reaction (8 21) perhaps through reduced tissue permeability hoeng (27)
found that the number of mitoscs was smaller the greater the number of mast eclls
m and around benzopyrine tumors n rats He concluded however that heparin
from the mast cells directly inhibited tumar cell dinision

Lastly the literature suggests vet another metastasis inhibsting action of heparin
Agostino ef al (1) <howed that heparm vers quickly caused cancer cells to dis
appear from the systemic arculation Although the authors attnbuted the pheno
menon to reduced fibrm formation or altcred coapulabilits 1t scems more Mkl
that the general hacmodsynamic effcets of heparin were responsible Heparmn s
known to dimimish oy throevtie aggregability (15) and i the hight of Fdhraeus
researches 1nto the hacmodynamic effects of crvthrocvte aggresation wpon Dlood
flow 1t may be assumed that heparin causes the large mahgnant cclls to travel i
the axial current perhaps making than more Liable to enter the smallest yessels
where they might be destroved or give rise to a large numbcr of small or belated!s
prowing metastascs Indeed  Zahrzawslt (56) found that heparmn actually pro
moted the development of numerous but small metastases

Agamst this bachground, the aim of the present mvestigition was
to ascertain whether somc anticoagulants and fibrinelytics and their
antagonsts exert any direct cytostatie or cytotoxic wction wn vifro In
order to climtnate the possibility of indirect growth mhbition by lysts
of a coigulum substrate we decided to cullinate our stramns direct on
glass without a coagulum

MATFRIADS AND MITHODS

The test objects were three human eddl strains ¢stablished and marntamad at this
mely Stramn BI I emanating from ncn neoplastic
bladder ¢pithclium in a woman of 69 Stran B1 II cmanating from a maliznant
bladder papilloma 1 the same patient and Stran €3 11 ¢stablished frcm a cervical
e e & woman aged 36 The eultnation technique the flud medium and
e morphologs and harsotspe of the strams have been doseribed prov
e B From o davs cultures of thise strains in Hashs with 10 ml of flusd
ously (92 B3 e s removed and the cells disperscd 1n 5 ml of this solution
e B2 na 11P0; 115 & WI.PO) 2 & disodium sersenate (Tratsiples 11E

laboratory sinee March 199 na
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tro The heavy con
Fig 3 Tiiect § prolemne 1% the &5 wib of Strata RL 1 za tr
tinucus line (e ntrol) tndicates the grewth 1 flud medtum the t:‘zshed‘:u&r
the gr wih 1n Tluil medium with 902 mg per cent pretamine the dashed
[P I i A A~ ..

4 tte! line the growth In flnid medium with 20 mg per cent dicaumarol and
the dotled line the growth in fluid med um wth 100 mg Per cent dicoumarol

wgt [ ACA respeelneds, in tno experiments on Stramn Bl 11 dince
unbike the weiker concentrations of FACA 2300 mge was marhkedhy
sronth inhubiting he growth mhibiting effcct of 2300 TU of strepto-
Rinase was not reduced One of the experiments 1s llustrated in Fig 7

“Nond of the subsianees tested exerted any growih promoting action
No diffcrence 1 cellahir morphologs between the cxperimental series

nd the control scries could be distinguished at microscopical exam:
nation

DISCUSsioN

Thus 1n ihese (xperiments hepann did not exert a growth inhimting
«ffeet even in high concentrations In this respeet our findings differ
from those presiously reported These dinergent results could be due
to the use of entirels differcnt cultination {echniques In our experi-
ments the struns were cullivated direetly on glass without a coagulum
whilst other workers have il used a plasma coagutum Hence the pre-
vioushy reforted growth inhibiting effect of hepanin would scem ta be
due to 1ts Bibrinolslic destruction of the coagulum rather than to a
direct mitotic inhitntion

Apparenthy no previous studies have been published with respect to
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Fiq 1 1f{fect of heparin on the growth of Strain €3 I win eitro The heavy conlt
nuous line (control) mdicates the growth in flurd medium the dashed hine
in flurd medium with 1 mg per cent heparin and the datted hine the growlh
m flmd mediam with 125 mg per cent heparin: o anfluence on the wrowth
by heparin can he demonstrated

Fig 2 1 ffect of human plasma and heparin on the growth of Stran Bl It 1ir
The heasy continuous Jine ( control) indicates the growth mn flind medum
the thin continuous line the growth in fluid medium wath 50 per cent human
plasma the dashed line the growth 1n fluid medium with 50 per cent hepa
rin plasma 005 per cent the dashed dotted line the growth n flud medwm
with 50 per cent heparin plasma 01 per cent and the detted line the growth
1n fluid medium with 50 per cent heparn plasma 05 per cent

mhibited by 005 and 01 mg% However, 025 mgo inhibtted the
growth only durmg the mitial 24 hours, whereupon the growth wgun
nereascd and ultimately became just as vigorous as that of the controls
No change of pH of the medium could be detected during the course of
the experiments One of the experiments s tllustrated n Fig 3

Dicoumarol In three trils the growths of Strams Bl 1T nd €3 I
showed mhibitions proportional to the dicoumarol concentrations of
4, 20, and 100 mgez, 15 appears from Fig 4

Streplokinase The action of streptohimase was tested in five expert
ments on Strans BI I, BLIL, and C3 11, thar growths probably beng
mhibited by 200 and certamnly by 2500 TU pcr ml flud medwum 11g 9

LACA The growths of Strans Bl I and Bl II wcre not convineingly
inhibited 10 three (xperiments by 100 and 500 mgs: of LACA, whilst
2500 mg< proved marhedly growth inhibiting Fig 6

Stre plol tnase and EA( 4 The growth inhubting cffcet of up to 500
1 U of streptokinase per ml flid mediuim was rcduced by 100 and 500
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T  protam ne 0 the gr wth fStran Bl 11 ny tr The heavs ¢ n
Fad r{'l;r:xs 1 :c {contr 1y ind cates the gr  th n flusd med um the dashed I ne
the g owth 10 fluid ;med um with 005 me jer cent protam ne the lashe!
dolted tne the g7 th in flu { med am with 01 mg jer cont pr tem ne and
the dotte 1 Ime the grawth in fluid med um + th 09> mg per cent pr tam ne
Fffect of d coumaral on the gr wth of Stramn Bl 1l tnt tro The heavs ¢ n
Uttuous 1 ne (contral) 1nd cates the growth in Mui! mc lium the dashed I ne
the growth in flu d med um + th 4 mg per cent d coumarol the dashed
d tted 1 ne the gr thin Muil melum s th 20 me p reent d coumarnl and
the dotled 1 ne the growth m flu d mc hum with 100 mg per cent dicoumar 1

mg% FACA respectnely n two oxperiments on Stran Bl 1T Sinec
unlihe the weaher concentrations of FACA 2200 mg % wis marhedis
growth intubiting the growth mhimbing, effect ¢f 2000 1 U of strepto
hinase was not reduced One of the exp ernments 15 iflustrated mn ¥ag 7

N ne of the substances tested exerted any growth promoting action
No difference 1n cellular morphology |etween the experimental serics

wd the control sertes could 1o distingmished At microscomeal exam
nation

DISCLSSION

Thus in these cxp eriments hey arm did not exert a growth infubiting
effect even in high concentrations In this respect our findings differ
fram thase {reviously rejorted These dinvergent results could te due
to the use of enhirels different cultivation techniques In our expert
ments the strains were cultivated direells on glass wathout a coagulum
whilst other worhers have all used a 1lasmn coagulum Hence the pre
vieusly reported growth mhititing effect of heparm would seem to he
due 1o 1ts fit rinolstic destruction of the coagulum rather than to a
direet mitelic mhibition

A prrenths no g revious studies have been 1ublished with respect to
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Frg { Iffut of hepanin on the growth of Stramn (3 I in pitro The heavy eontt
nuous Iine (control) indicates the growth in fhod medium the dashed hine
i fluid medhum with 1 mg per cent heparin and the dotted Tine the growth
m flmd medium with 125 mg per eent heparin \o 1nfluence on the growth
by heparin can be demonstrated

Fig 2 1 ffect of human plasma and hepanin on the growth of Stram Bl II tn pitro
The heavy contimuous hine ( control) mndicates the growth in fluid medium
the thin continuous line the growth 1n fluid medium with 50 per cent human
plasma the dashed line the growth in fluid medinm with 50 per cent hepa
mn plasma 005 per cent the dashed-dotted line the growth 1n flud medum
with 50 per cent heparin plasma 01 per cent and the dotted line the gronth
in flutd medium with 50 per ecnt hepaiin plasma 05 per cent

mhubited by 005 and 01 mg% However, 025 mg% mbubited the
growth only during the mitial 24 hours, whereupon the growth agamn
increastd and ultmmately became just as vigorous as that of the controls
No change of pH of the medium could be deteeted during the course of
the experiments One of the experiments 15 lustrated m Fig 3

Dicoumarol In three trials the growths of Strams B H and €3 11
<howed inhibitions proportional to the dicoumarol concentrations of
4, 20, and 100 mg%, as appears from Fig 4

Streptohinase The action of streptohinasc was tested m five expert
ments on Strams Bl I, Bl I and C3 11, their growths probably beng
mhitcd by 500 and certanly by 2500 1U por ml flind medium rg s

LACA The growths of Strams Bl I and B! II were not convincingly
mlubited 1n three expermments by 100 and 500 mg% of LACA, wiulst
2500 mg proved marhedly growth inlubtting Fig 6

Streptolanase and EACA The growsth inlibiting effect of up to 500
1U of streptohinase per ml flurd medium was reduced by 106 and 500
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| ffect of streptokinase and FACA on the grewth of Stemin BI 11 in eatro The heavy
(ontiauaus lme (central) ndreates the growth n Muid mediem the dashed line the
gronth with 100 1L streptokimase per m fluid medium and 100 mg per cent EAC3
the dashed dotted line the growth with 500 1U of streptokinase per ml fluld me
dium and 500 mg per cent FACA and the dottcd line the growth sath 2500 10 of
streptokinase per mi flwid medium and 2308 mg per cent FAC A

SLMMARY

A review of the effects of coagulation inhubstors on tumor cell growth
nd on metastasis seems to ndicate different possible mechanisms,
among others a direct ey totoxic effect

Human cell strains grown directly on glass i flud medium con-
tarung 1 to 125 mg% hepann showed no inhibition of ecll growth

Protumme, dicoumarol, streptokinase, and EACA all mhibited the
growth with rising concentrations
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Fig 5 1 ffect of streptohinase on the growth of Strain B 11 wn pitro The heav) con
tinuous line (control) indicates the growth in fluid medium the dashed line
the growth with 100 I'U streptohinase per ml flnd medium the dashed
dotted line the growth wath 500 1U streptolanase per ml flmd medium and
the dotted line the growth with 2500 I U of streptohinase per ml fluid me
dium

I ffect of epsilon-amino n caprowc acad (I A€ A) on the growth of Stramn Bt 11
tn piiro The heavy continuous hine (control) indicates the growth mn flud
medium  the dashed line the growth in flurd medium with 100 mg per cent
TACA the dashed dotted hine the growth i flud medium with 500 mg per
cent FACA and the datted hine the growth in flnd medinm with 2500 mg

per cont FACA

w6

the effect on tissue cultures of dicoumarol, protamine, streptohinase,
and EACA The results of the present invostigation indicate that with
rising concentrations thev are all growth inhubiting, esen though the
bhehaviour of protamine 15 somewhat confusing The effect of strepto-
kinase would seem to be to acinnate the fibrinolytic system with con-
sequent proteolytic action on the eells Such an assumption 1s borne
out by the opposite effect of LACA

The results of these experiments suggest that the met wtses mbubnt-
ing action of hepirm should not be attnbuted to a direct cytotoxic
action but rather to one of the other mechanismy of action discussed
in the introduction Although dicoumarol and fibrinolysin at Ingh con-
centrations it the growth i vifro 1t s uncertain whether this effect
1s of any mmportance m their mctastasis snlulnting propcrhies i puro
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streptohinase per ml fluid medium and 2300 mg [er cent FACS

SUMVARY

A revien of the effects of coagulation inhibitors on tumor cell growth
ind on metastasis seems to ndicate different possible mechanisms,
among others a direct ¢y toloxic effect

Human cell strmins grown directly on glass in fhud mcdium con-
tuning 1 to 125 mg% heparm showed no imhilntion of cell growth

Protimme, dicoumarol, streptokinase, and EACA all mhbited the
growth with risag concentrations

RFI1IRFNCES
1 dacstma n oyl - 1 Circulating
. . . 161
1

e

- Tular Muco

Ratq-»

Bala N

e ew w03 o
bffton ¥ E X dgostine D Faclors Affecting th,
e (piosima D ing the Development of Melastatic

«
hffton F F & Grossi € F Fifict of Human DI,
m thy
and Growih of Tigod Barne Vietastasis of lh:Slx::\\l:nnl’ e Carermams

Carcinoma
and the V2 Carcinoma of Kabbat Ca caree
Tramer W & Simpsan WV A

Caneer e ! |91i<\ Wast Cells 1 ¥ yperimentat Shan Carcinogcnesis

*

-

Deutsch £ Blutgerinnunesfaktoren Franh Deuticle Vien 1952



150

g
z
W
5
g L
°
2
=
§rab 17
8 z r
5
3
r a
e
b3
S
3
2
1o
3 g sl
L |
’
oo :JL
bt
S S
] 72 E3 0 = - = -
IIME HOURS g HouRS
b 5 Fig 6
Fuo 8 ) T sro The heavy con
m the dashed line
dium, the dashed
flmd medium  and
per ml flnd me
dmm
h of Strain Bl I

Fig 6 Effcet of cpsilon-amino n caproic acid (F ACA) on the growt
m pilro The heavy continuous line (control) indicates the growth flmd
medium the dashed line the growth n fld medium with 100 mg per cent
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the effect on tissue cultures of dicoumarol, protamine, streptohinase,

and DACA The results of the present investigation mdicate that with
rsing concentrations they are all growth mhibiing even though the
hehaviour of protamme 18 somewhat confusing The effect of strepto-
Linase would secem to he to actnate the fibrinolytic system with con-

sequent proteolytic action on the cells Sueh an assumption 15 horne

out by the opposite effect of LACA

The results of these experiments suggest that the metastasss hbit-
on of heparin should not be attributed to a direct c3 totoxic
to one of the other mechanisms of action discussed
n Although dicoumarol and fibrinolysin at lugh con-
rowth tn vitro 1t 1s uncertain whether this effect
astasis inhibiting properties n vivo
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[ the emhbedded rings were
For scctiontng in other planes seetors ol .
?I‘Ii :Jiglr::dnrl:rlgnh:drdtf! in methachrylate la the plane of sectioning ;zesi';td Sec:

t10ns were cut on a LhB ultramicrotome and studied 1o a Philips F/1 100

OBSERVATIONS

None of the aortac from which specimens were obtained presented
gross pathological changes Neither Md careful phase microscope stu-
dies teveal any abnormalities m $he sections eut for onenlation pur-
poses from all specymens used
! As far as gcnfm\ featuses are concerned the present study has added
only little to the classical concept of the structure of the aortic wall The
«ndothehal cells of the tunica mtima form a continuous lining of the
luminal surface of the wall A subendothelinl lager connects the endo-
thehum with the nnermost elastsc lamella of the tunica media The tu-
nica medha forms an elastic fube around {he tumea mtima and 15 com-
posed of alternating coauial layers of elastic lamellac and smooth
musele cells The disposition of the layers 1s secn i Fig 1 In all bee
tween 24 and 27 ramifying elastic lamellac of appreciable thichness
are found m the tunica media of the rablnt aorta Smooth muscle cells
are the only celis 1o be found in the tumea media They extend more
or less dragonally across interlamellar spaces, hinding together adjacent
clastic Jamellae As a third component of the tuniea medin loosely-
packed collagen fibers or bundles of fibers fill the interlamellar spaces
where these are not occupied by smooth muscle cells or hranches of
clastic tissue

The following 15 a deseriplion of new structual informabion obtained
with the electron microscope

Tunica Intima

Endothetium The appearance of the endothehal cells tFigs 2 to 5)
was found to bie essentially thal reporied by Buck 11938) The cells
«losely resemble the endothehal cells of the rat aorta (Keech 1960,
Peast & Puule 1960} Further, their internal structure 3s 1 accordance
with that of endothehal cells of capiliaries and small artenes {(Palade
1938 Moore & Rusha 1957), of coronary arteries (Parker 1958) and
of the atrium of the turtie heart (Fawcelt & Selby 1958) It 15 worthy
of note however, that the aortic endothehum iffers from the endo
“néitum of smfler arteries and capillaries 1n not bemg apphed to a
bascment membrane This morphalogteal feature, probably implying
1 hugh permeabnlity of the endothehum, may be tentatively connected
with the absence of sasa sasorum i the tamica media of the aorta

The endothehial cells are short and more or less protruding into the
tumen, their protrusion as well as their length possibly rarying with
the degree of stretehing or contraction of the wall They join l;\ conlact
of their plasma membranes which o y furn.x ! 3
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ELECTRON MICROSCOPY OF THE NORMAL
RABBIT AORTA

By

T Bierrng and T Kosavast
Recened 191062

Studies on the ultrastructure of the normal mammalian norta so far
have been confined largely to the rat and the mouse (Berrian 1953,
FLeech 1960, Pease & Paule 1960, Karrer 1961) Reports of studies on
the normal rabbit aorta have been concerncd only with certan aspects
of the ultrastructure of 1ts component parts Buch (1958) described the
pnocytotic vesicles 1 the endothehal cells as a possible mechanism 1n
the transport of fluid through the aortic endothehum, and Takamalsi
(1958) studied the fine structure of the clastic elements of the tunica
medin The present study deals with the morphology of the tunicac
intima and media of the rabbit thoracic aorta It was designed to pro
s1de the basis for electron microscope studies on the changes occurrnng
in epmephrine-induced arteriosclerosis of the rabbit aortie wall The
results of these studies will be reported 1n a separate paper

MATERIAL AND METHODS

Young white rablnts weighing approvimately 15 1g were used m the imvestiga
tions Under numbutal anacsthesia and artificial respiration the left half of the
+-" thoraeic aorta exposed Segments of the aorta

<olution m \eronal acetate buffer (pH about

—m 10 per cent formalin In all cases of 0504

fixation the fixation was commenced n sifu Here the most satisfactory results were
obtamed after adoption—with only ansigmificant modificati ns—of the techmque
Geerhed by Pease & Paule (1960) for the fixation of the rat thoracie sorta With
this method a segment of the aorta 1s preserved mn  state of approximately normal
total persod of OsOy fixation was 90 120 minutes The specimens

d in graded concentrations of ethanol beginning with 20 per cent
n in crder

expansion The

were dchydratc
During the dehydration the adventitza was carefully ramoved by disseetiol

to facilitate subsequent sectiomng Further at this stage the aortic sepment was cut
into Tings 1 to 2 mm in haght All specimens were  stamned by addmg 1 per cent
of phosphotungstic acud to the second of the three final changcs of absolute alcohal
Y e <necimens were 1 ept 1n this solution for a period of 40 minutes The spec!
(7 3) using

re embedded
»f the elastic
ding medium

t
was hoped 1n this Wwat ¢ “ 1th resultan
:?s(:ol:u\un " £ the structures of the wall Transierse sections of the wall werc cut from
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folds Along the ccll junctions loealized arcas of shghtly inereased den
stty of the plasma membranes and of the adjoming cytoplasm (Fig 3)
suggest the presence of poorly defined attachment zones Lacahzed
dilatations of the intercellular spaces may he found

The cytoplasm of the endothelial cells exinhits a finely filnmentous
texture (Fig 5) with minute filaments randemly disposed 1n the cvto
plasme matrix Small plasma membrane insagmations and small
vesieles line the Tuminal and basal cell surfaces as well as the surfaces
along the mtercellular boundries Small smooth-surfaced vesicles and
sometimes larger vesicles are also found well inside the cells They cor
respond to the pinocytotic vesicles of the endothelium of smaller blood
vessels, deseribed by Palade (1933) and by Moore & Rusha (1957) asa
hy pothetieal mechanism of the transcellular transport of flmd Apart
from vesieles 1 few small, tvpieally dense, mitochondna, a Golgr
complex and sparse ¢lements ascribable to an endoplasmie reticulum
are found Further, nclustons 1n the form of osmiophtlic small dese
bodies (Fig 2) arc irregularly scattered m the cytoplasm They re
semble the densc bodies found in the aortic endothelm of the rat by
Pease & Panlc (1960) and of the rabht by Buck (1958), whe demon
strated them to be mclusions concerned with phagoceytosts

Subendothelial layer The endothelium 15 supported by a subcndo
thelial layer of appreciable width It is defined as the layer whieh ex
tends from the basal plisma membrane of the endothchum to the lu
minal aspeet of the first thick sheet of dlastie tissuc (Figs 3 and 5}
This sheet correspond to the innermost listie Iamdlla of the funict
media of f1ght microscopy

The subendothehal laver s made up of branching clastie fibers
and sparse collagen fibers embedded i a homogcneots ground sub
stance of low density The low density of the ground substance 1s pro
bably an extraction (ffcet resulting from a Ingh water content Spindle
shaped cells (Figs 8 and 4) rescmbling smooth musecle ctlls are occasio
nally observed in the deep part of the Iy cr closc to the innermost elastic
famclln Most conspicuous are the branching elastic fibcrs, some of
which are continuous with the mnermost elwtic lamell (Figs 2and 5)
The clastic fibers form 1 morc or less well-pronounced fenestratcd

Figs 2

Fig 1 Phase contrast photomicrographs of transverse st ns through the tunicd
intima and mncr part of the tunwa muda (2) middle () and onter (O
parts of the tunica media of a normal rabhit aorta !
Fig 2 Flectron microsraph of 1 transierse scction through the wall of a porma
rabbit aorta shewing endothdhial cells (F) subendothelial laver first (eb)
wcond and third dlastic lamellac of the tunica media and the sme oth muscle
cells of the two mner interlamellar spaces in the second interlamellar spact
In the subjatent first interlamel
sy indicating that besides thar
lanc muscle «lls arc obliquely

vessel X 5600
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membrane (Figs 3 and 4) which hes approvimately yataliel to the
basal endothehal surface dmidimg the subendothelnl layer into 2 nar
row lurmnal and a wader deep part The fenestrated membrine 1s also
\isthle in the phase contrast micrograph of Fi, 1a
The collagen fibers of the subendothcehal Javer are found mmnhy m
the deet est part lying m bundlcs close to the mnermost elastic Jamelta
Fig 5) intermingled wath branching elastic fibers They are of modt
rate size (approximately 100 X diameter) In transversc sections
of the wall they are mosthy seen 1n cross sectton Sections cut at 2 il
ferent angle teveal thar eross banding
Few collagen fihers are found on the lumnal side of the funestrated
lastic membrane Thus part of the subendothehal layer 1s however per
meated by small fragments of elastic tissue (Fig a) In places the frag
ments art seen 10 pass nto the fenesirated elastic membranc and their
dimenstons decrease as thes approach the endothelimm They mav be
t1ken thus to represent fine branches from the fenestrated clastic mem
trane Thev are surrounded by dense delicate filaments (sec also Fig,
~) As will be considered $ater the dehicate filaments possibiv are elastic
umt fibers and m the following thrs term will be ysed to desertbe them
The fme clastic branches approach the hasal plasma membrane of
the endotheltum m an oblique tangential manner (Fig 5) Thewr onen
tation towards the endothehwm 1s [ erhaps hest shown n Fi, 3 Herc
the subendothelial layer has an appearance which 1s suggestine ol
sweliing during fixation procedures and elastic branches ar¢ secn to
tike i almost rachal course towards the endothcJium
In areas where elastic clements reach the endothehum the basal endo
thehal plasma membrane and the subjacent cytoplasm display a sy eeral
structural pattern which 1s shightly reminiscent of that described by
Selby (1900) and Odland (1958) 1 the hasal epidermal cells as possihly
rclated to the attachment of epidermal eclls to the dermus At areas of
contact with elastic efements the plasma membrane 1s shighthy thichen
d Fndothell cytoplasmic Haments converge tonards and are den
stly pached m the eytoplasim diatel 1o the thick
:':‘utl:; r':l‘asml:x membrane At lower magnifications (Figs 3 4 and 5)
n c(.m\u:)lc(z‘{‘?:;:zf: mz\ 12 seen on \he basal surface of each cell
The rege ot arfn 15 seent at a high magmification in Fig 6
< of dense areas along the endothehal plasma

. Fogs 3y
he subendothelial layer of 1his sect on has
anr appearance 8
weelling during preparation The elastic fihers of 115 luminal “:zgriﬂg;i
r:d\a") oriente § towards the endothel um Note the dense area at the apes
& E3toplasm ¢ proctss {a) wh oh is apparentls anchored by elastye f | or
Fndothelum ani subendothel al 1a b e
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membrane Mahes it unlihely that they simply represent fortmtnus
rolations botween elastic fibers and the plasma membrane The 1m-
pression, however, that they represent zones of atlachment serving to
anchor the endothehum 1s especially borne aut by findings lihe that
presented i Fig 3 4 radially onented row of elishe clements 15 con-
tinuous pertphicrally with a dense area of an endothelin! el ‘the appa-
renthy edematous ground substance seems to hulge wto the endothehal
cell which 1s flattened 1 its peripheral parts In thrs case the dense
arca 1s found at the apex of a extoplasmic process, apparently retamning
its postbion during the swelling of the ground subslance as a result of
bung anchered by elastic fibers

Collazen Nibers have never been observed 1n close association with
the endothehial plasma membrane

Tunica Medha

The observations of the present study agree on all main points wath
the observations on the aortic tuniea media of other m nnmals reported
m the prevously cited papers by Keech (1960), Pease & Paule (1960)
and harrer ¢1961) and will only be summanzed Addiional ohservat
ons supplementing those already available will be desenibed 1 more
detan Special atfention has been paud te the fine structure af the
tlastic tissue in the tuntea media

Fune structure of elastic fissue In the phosphotungstie seud-stamned
preparations elastic lamellae and their branches hase an apparently ho-
mogeneous terior of moderate electron density and an oufér 'llun‘
frayed coating of relatnvely dense matenal (Figsy 8§, 10, 11, 14 and 15)
Occasionally, howeser, an additional component 1s found 1n the other-
wise umform nterior This component can be seen  Figs 9, 12 and
14, where 1t appears as furly regularly spaced, thin streaks of dense
material otiented along the long axis of an elastie fiber In cross-seety
ons the streaks appear as dots They are seen morc clearly after fixation
m formaln (Fugs 12 and 13} thap after hivation 1n ()\(): The prosence
of streahs of dense material embedded 1n the vascular elastin has beun
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reporied by Parker (1958), Takantafsu (1938), Keech (1960) and by
Rarrer (1961), who also points out that the streahs ave only “QC‘?)S‘Q“‘
ally scen within the elastin Micrographs hike that shown n Fig l-};\;l;L{
ihe rmpression that elistic fibers are made up of bundles of fibnls held
together by the dense matenal appearing as streahs The 1dea recetves
support from the fact that branching of the fibers ocenr slong a line
of dense matenal (Fig 12)

Delicate filaments with a diameter of about 50~100 A emanate from
the surface of elastic fibers (Figs 8, 10, 11 and 15), and clashic fibrils
oecastonally appear to end in tufts of sumilar filments The hiaments
are the finest clastic elements scen i the Rlectron mucrographs They
appear umformly dense and they do not drvude further These faets
seem to qustify the conclusion that they represent elastic umt Dbers
The term 1s used n order to express the tentative pomnt of view that they
are structural umits which by aggregation, possibly with the ait of an
interfilamentous substance form fibrls which are again organized into
fibers

The dense outer coating of the elashic fibers 1 probably accounted
for by the fringe of minute hilaments sssuing from thesr surfaces kag-
dence o support this conjecture 1s shown to adsanlage mn Figs 4, 8,
9 10 and 11
Histological fealures of the tunica media The elastic Jamellae appear
as practically continuous sheets of appreciable thichness with only
occasional gaps However, the jnnermost 2 to 3 lamellae 1n places are
discontinuous (F1g 2} In this part of the turuca media mterfamellar
spaces frequently communicate through large fenestrae 1n the lamellae
flastic fibers form a coarse network 1n the mterlamellar spaces and
presumably represent branches of the elastic Jamellae as connections
behueen fibers and lameliae are sometimes observed

Llongated smooth muscle cells span the interlamellar spaces, extend
mg {rom one lamilla to the next They are attached to the elastic la-
melite 2ad their branches, binding together adjacent lamelae The elec-
tron nucrographs presented here (e g Fig 2) merely suggest thewe spa-
‘lﬁ“hﬁ:;“"l':“c“"r‘::]l’:‘["nagl"l‘hopx;mlc :cctmns reveal that they run obliguely
o the long 1 pwl?nhl € longitudinal axes of the aorta Their angles

y vary from one space to the next Wides snter

Figs 9 11
Fip 9 An area of muscle cell att

achiment (ma) to the surface of an elasti
o cle ¢ ace of an elastic lamella
Tl ot 705 e 13 seen hetwcen the plasma membrane and the elastic
Fig 19 P

Fig 11 .
& wu &ty sections
bridse conneets the tna unpermont cois p 1% gq  *PPAeut 1tercellular



g RS 1 P .:
& Py
B 75_’1 ‘{\

;Mun..x&«»w:‘ Y "".:x L

o - 7

- , FURE .
LI v b H

. o .

£3 ET
M T, o~ Mma

').

p 1
‘-‘V“L? z,_‘}o;‘é{ ;_} \ﬁ
e )

I
?

’

oy




163

reported by Parker (1958}, Takamatsu (1938}, Keech (1960) and by
Rareer {1993), »ho also points out that the streghs are only occ:.l‘smn-
ally seen within the clastin Micrographs hike that shown in Fg 12 e
the impresston thal Bhastie tihers are made vp of bundles of fibrils held
together by the dense matenal appearmg as streahs The 1dea recenes
support from the fact that Pranehang of the {thers occur along & le
of dense matenial (Fig 12)

Delicate filaments with 2 diameter of sbout 50 100 A emanate from
the surface of elastic fibers (Figs 8, 10, t1 and 15), and elastic Ohnls
oceasionally appear to end An fufts of simalat filoments The (Watments
are the Tinest clashie elements seen 10 the efectron micrographis They
appear uniformly dense and they do pot diade further These facts
seem to justify the contlusion that they represent elastic unet Gibers
The term 15 used 1t order 10 express the tentaine poit of view that they
are structural umts which by aggrgation, possibly with the aud of an
interfilamentous substance, form Hhnts wWhich are agrin orgamized mio
fabers

The dense¢ ouler coaling of the elastic Hibers 1s probably accounted
for by the fringe of minute {laments 1ssumg from their surfaces Esy
denee 1o support tlus conjecture 18 shown ta adsantage it Figs 4, 8,
9 10 and 11
Hustolagical features of the lumca media The elastic Jamellac appear
as gractically conlmuous sheefs of appreciable thichness with onjy
accasional gaps However, the innermost 2 3o 3 Jamedac in places are
discontinuous (Fig 2) In this part of the tumen media miertamellar
spaces frequenily communteale through large fencstrae m the damellae
Llastic fibers form a coarse network in the mieramelar spaces and
presumably sepresent branches of the clastic lameliae as connections
buiveen fibers and lawmellae are sometimes obseryed

Liangated smaath muscle eells npan the interlamellar spaces, extend-
wg from one lametia to the next They are attached to the elastic Ja-
meltae and their branches, binding together adjacent lameliae The elec-
fron imerographs presented here (eg Fig 2) merely suggest therr spa
tral erientation but appropriate sechions reveal that they run oblquels
fo h):’”‘ the radnl and the longitudinal axes of the aorta Thesr n;g)c's
o the long axn prohubly vary from one space 1o the next Wader inter

———————

P Figs 9 11
19 8 A ana of musdle o) atiachmeat (mas ta the surface of om0 3

Fig 10

Feg £1 Lorttons of longitudinally sectfoned sageste celly 4 iy

bradge connects tvs o wppermost o 15 g0 " SPPAFeRL Intereellutar
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Lamellar spees separate the outermost 2 to 3 elastic lamellace and the
musclc ¢ddls of these spaces are radially oriented (g 1 ¢)

Although their fine structure has not heen mvestigated in detail this
study has confirmed that the morphology of the aortic muscle cells
diffcrs in certamn respeets from that of smooth musele cells from other
sites (Pease & Paule 1960, Karrer 1961) They are peculiar i the rather
poor davelopment of their myofilaments wiieh are lengitudinally arran-
ged and paralldd (Fig 14) The cells are separated from cich other Iy
mierspaces containing collagen fibers and oceastonally elashie fibers
(Figs 11 and 14), yet arcas may be found where musele cells are closely
apposed wilh their plasma membranes separated only by a narron
space of umform density (Figs 4 and 11) Appaient cytoplasmic ant
slomoscs between musdle eells are found on rare oceastons (Fig 11}
recalling the observations of Mark (1956) and Thaemert (1939) on
ulerime and gastromtestinal smooth muscle cells The existence of true
anastomosing bridges hetween smooth musele cells has been rejected
by Cacsar, Ddwards & Rusha (1957) The question of therr exastanee
between aortic muscle cells eannot be answied unequivocally although
the appearance of the “intercellular bridge” in Tig 10 suggests thit
they must be mnteipicted with cantion A thin but distine hasement
membrane, separated from the plasma membrane by a narrow spacs,
15 visible at the tateral cell borders, except where muscle cells ate elo-
scly apposad In such arcas absenee of basement membranes pormils
an mbmate apposition of plasma membrancs  Pinocytotic vesieles
gencrally are restricted lo the ey toplasm immediately beneath the plas-
ma membrane

The muscle cell attachments 1o elastic lamcllac or their branches
(igs 8,9 10, 11 and 14) display a structure which is conststent with
that described i the rat aorta In the attachment zones the musc
ccll ¢y toplasm bordarmg the plasma mombrane 1s usually of an mneraa-
sed density A narrow space of low, yet shightly positise density sep-
rates the plasma membrane from the surface of the clastin The space
15 comprable to that underlymg the basement membrane of the Iiterdd
cell borders Tt has not buen possible i the scctions obtamned to deler-

Frgs 12 15
Tign 12 anl 13 Portions of ddastic lamcllae T arly regutarly spaed thin streaks of
(s material (p oniented along the leng axis are seen 1 the intertor of
the (hintic tissuc Lhe dlastic lamella of Fig 12 scems t brndh along 2 hine
ot dense material (Lermalin fived and stained  with phosphotungstie
aud prit te ambaddig) X 20 600
Portuns «f two muscle cdls separated by a wade interspace contuning
astie brandhes ind « lagen fibers Tongitudinally arringad paralldd myo
filaments are scen i the cddl to the eft X 6 300
High power micrograph of <lastic fibers which display an apparently homo
Dulicate filaments which may be nterpreted as elwstic nmt
from then surfaces (0504 fixed and stamad with phosphe
cmbuddimg) X 72 500

Lig 1%

T 15
sennus nterior

fibers (manate
tungstic rcid prioe t
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mine with certamty whether this space 1s crossed by elastic unit fihers
Where the clastic lameliac are not 1n contact with muscle cells they
are mvested by mamly longitudinal bundles of collagen fibers which
also fill the spaces belween muscle cells and occasionally intervene be
tween muscle cells and clastic lamellae (Fig 9) Collagen fibers may
lodge 1 mdentations of a lamellar surface (Figs 3 and §) probably
explunming the occassonal findings of collagen fibers which are apm
rently completely surrounded by clastin (g 13)

It 1s to be emphasized, finally, that neither blood vessels nor nene
fibers have been obsersud 1 any part of the tuniea medin

DISCUSSION

Previous accounts on electron microscopy of mammalin aorta ds
agree to some extent i the relationship between endothelum and tu
ntea media and especially 1n the interpretation of the oceastonal oceurs
renee of clastic elements hetween the two layers Karrer (1961), stu
dying the aorta of young and aging mice, observed that a subendothelil
layer contaming elastic elements typically oceurred only n older aor
1as, and he proposed that its appearance indicated the rarification and
fragmenttion of elastin which he generally found m aging aortas In
the rat, Pease & Paule (1960) found that in places aortic endothelum
was directly attached to the nternal elastic lamella but elsewhiere was
scparated from 1t by a layer contamning elastic fragments ‘The Iatler
authors ynterpreted these fragments as centers of elastin deposition

Ludence from the present study supports the idea advanced by
Karrer (1961) of a subendothehal layer ansing through aging changes
The fenestrated clastic membrane, the large fenestrae in the inner el
<tic lamellac and the occasional occurrence of cells resembling smooth
muscle cclls all tend to show that the exsstence mn the adull rabbit
aorta of a wide subendothelnl layer probably resulls from a degene-
rative transformation of the inner parts of the tumica medin The fin
dings here presented are on the other hand mcompatible with the alter
native hypothesis of elastin formation 1n the subendothelial layer I'n-
dothelial cytoplasm admttedly contains minute filaments winch are
almost of the same size and density as the «lwshic unst fibers and this
sumilarity might suggest an imtial phasc of (astogenesis in these cells
The sparse occurrence in the cells of structures normally associated
with svathctie processes however 15 evidence g unst such an fer-
pretation

In spite of the presence of a subendothehal layer (ndothelial cells
apparently — via clastic fibers — maintan their tachments to the
elastic clements of the tunica medty Rcasons for regirdmg the ares
where clastic fibers arc contact with the plasm1 membrane as zones
of cndothehal attachment have been given alreads  As, however, the
exsstence of these zoncs represents 1 novel structural  feature a fow
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pownts rlated to therr structure merit further discussion An alternainve
mterpretation of the supposed attachment zanes s the possibihity that
ihe apparently ¢3toplasime filaments of the condensed 1rea beneath the
plastaa membeane are i reality extraedlular clastic umit fibers which
at an angle of scetion obhique to the cell surface are projected on to the
evtoplasmic arer This for mstance might be the case in the left part
of the area shown 1n Eig 6 In the night part of the area however this
can hardly be the case as the plasm membrane £an he followed as a
dishinct ine showing that the sectton has been cut almost perpendicular
1o11s surface In practically all wstances studied a plaspta membrane of
an «ven wncreased density mtervened between elastic and evioptasmic
filunents This obsersation fogether with hose previously mentioned
seems fo confirm that the dense arcas represent more than aceidental
topographieal relationshaps hobagas: (1961) studsing the dermo ep)
dermal yunction found delicate filaments probably of clastic tissue tn
the space between the corium membranc and the plasma membrane of
the hasal epidermal cells This obseryvation suggests a certun stmilnby
betwecn zones of cpidermal and of endothelial attachments

The finding of endothelial cell ttachments to elastic tissue encou
rages the obvious thought about their significance i1n pathologial
changes of 1ging aortas mn which a rariflication of ¢lastic hissye 1s known
ta oceur Dur present hnowledge permils only conjecture at this pont

Key to abbreiiationy use ! an the electron microgriphs
F  Endothelial ¢ell

Py Pinocytotic yecles

el Flasuc lame)ta F  Finestra

& Innermost elastic 1amella of M Mascle cell nucleus

\ ';mh'n med 3 mf sofiaments

b Flastic branch ma Attachment of muscle cell to
eq  Elastic und fiters elastic tissue

A Smanth muscle eel) Am srea of contact between muscle
€ Collagen f hers cells
.  Filamentous structure an elast ¢ 6 Calgi comilex

lissue
fe

Attachment of endothelial cell

a
Fitamentsin endothclial evt | lasm d  dense lodies 1o endathel al cells

SUMMARY

Mart hologieal fuatures aof the aortie tunica mmtima and media of
Young adult rahbits have becn imestigated as a basts for electran
eroscope studics an epine} hrin ~miduced arterioscleroots A subendo-
thelial 1aver of ag precuable wagiy contatning s s most consprenous
clement numerous branching elastie fibers separates the endothelium

from fhe tunen media The niorphologiea] milonca =

® % 1 basat endothehsd plasma membrane
;(;pl;"own;znm‘ﬁ shere endolheli R eells are attached to elastic elements
e subendothelinl Iyer Thun streaks of dense material occasionaliy
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mine with certainty whether this space 15 crossed by elastic uynit fibers
Where the clastic lamellae are not m contact with muscle eells thes
are vested by mamly longitudinal bundles of collagen fibers which
also fill the spaces helween muscle cells and occasionally intersene he
tween muscle cells and elastie lamellae (Fig 9) Collagen fibers mav
lodge 1n indentations of a lamellar surface (Migs 3 and 5) prob bl
explaiming the occasional findings of collagen fibers which are appa
rently completely surrounded by clastin (Fig 13)

It 15 to he emphasized, finally, that nather blood vessels nor nene
fibers have been obsersed 1n any part of the tuntea mudin

DISCUSSION

Previous accounts on clectron microscopy of mammaban aorta dis
agree to some extent i the relationship hetween endothelm and tu
nica media and espectally in the interpretation of the oceastonal oceur-
rence of elastic elements between the two layers Karrer (1961}, stu
dying the aorta of young and aging miee, observed that a subendothehal
laycr contamng castic efements ty pieally oceurred only m older aor
tas, and Die proposed that ats appearance indicated the rartfication and
fragmenttion of clastin which he generally found n aging aortas In
the rat, Pease & Panle (1960) found that in places aortic endothelinm
was dircetly attached to the mternal clashie lamella but elsewhere ¥15
separated from 1t by a Inyer contaming clastic fragmenis The latter
authors terpreted these fragments as centers of elastin deposition

Evidence from the present study supports the idea advanced by
Karrer (1961) of a subendothehal layer arising through aging changes
The fenestrated elastic memhrane, the Inrge fenestrae in the nner 01
ot1e lamellae and {he occasionl occurrence of cells resembling smooth
muscle cells all tend to show that the cxistence n the adult rabht
aorta of a wide subendothelnt layer probably results from a degene-
rative transformation of the mner parts of the tunica media The fin-
dings here presented are on the other hand meomptthle with the .lll.cr~
native by pothess of elastin formation in the suhendothelial layer En-
dothehal cytoplasm dmittedly contains munute filiments which are
almost of the same size and density as the elastic umt fibers and this
similarity might suggest an mtral phase of elastogancors m these cells
The sparse occurrenee in the cdlls of structurcs normally assoernted
with synthctic processes however 15 evidenec agamst such an nfer-
pretation \

In spte of the presence of & subcndothcdial laycr, (ndothedial cells
apparently — v1? elwtic fibers  mantun ther attachments to the
clastic clements of the tunica mcdia Rewons for regarding the arcs
whete elastic fibers arean contact with the plasma membranc fts zones
of endothelial attachment have been given already  As, however, the
cxistence of these zonts represents a novel structural  feature a few
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ponts related to their structure mernt further discussion An alternatsve
nterpretation of the supposed altacktueat zones 1s the possinlaty that
the apparently cytoplasmic fil 1s of the condensed area bencath the
plasmin membrane are i reality extracellul ir elastic unit Hibers which
at an angle of sectton oblique 1o the cell surface are projected on to Yhe
eytoplasmic arca This for instance might be the case 1n the left part
of the area shown 1 Fig 6 In the right part of the area however this
o kardly e (he case as the plasma membrane ean be followed as a
distinet lne showing that the section has been cut almost perpendicular
1o1ts surface In practseally all istances studied a plasma memhieane of
an even increased densits miervened hetween elastic and exoplasmae
fuaments This obsersation together with those previousiy mentioned
seems to confirm that the dense areas rehresent morce than accidlental
topographical relsbionshps Aobayass (1961) studying the dermo-epr«
dermal yunetion found delicate filaments probably of clastic Ussue
the space hetween the corium membrane and the plasma membrane of
the basal e sdermal eells This observation suggests g cerlam similanty
bt oun zones of epulermal and of endothetial atlachments

The finding of endothelial coll attachments to ¢lastic tissue encon
ciges the olnious thought about their significance 1 pathological
changes of aging aortas m which a rarfication of elashic tssue 15 hnown
to occur Our present knowledge permils only conjeclure at s point

Key to abbretiations used i the electron micrographs
F  Endothehal el

v Pinncytotie vesicles
el Flastic lamella 1 Fmrsin
e Inmermost elastic lamella of Ma Vuscle cell ucleus
tun ca wmedia mt Myofifaments
b Flastic branch ma Attachment ol muscle cell to
en  Elastic unit fibers elastic tissue
M Smonoth muscle erl) ifm {rea of contact hetween manscle
 tollagen fibers cells
cp  Filsmentous structure 18 elastic G Golgp complex
tissue
fe

Filaments in endothehiat v taplasin A YA

s
d  denxe hodies 11t endothelial cells,

SULMMARY
Marphologieal features of ihe aortie tumea ntima and media of
voung adult rablubs hase § e nieste, ited as a basis for electron my
eroscope studies o0 epmephrime wduced arteniorclerosts A sabendo-
thelial [aver of appreciable nadth conluning as s most conspicnous
clement numeroys branchag elastie fibery scparates the endothelium
fmm the tunics media The marnholoatenl ot rdann sene < ¢

LU UGN Enganthal ot ot
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oceur within the olherwise uniformly dense mtcnor of elastic fibers
ospeataffy in formahn fined speeimens Delicate filaments emanating
from the surf e of elawtic fibers are nterpreted as dastie struclunl
umfis
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RHEUMATOID PNEUMOCONIOSIS,

A case of Laplan's syndrome 1n a chalh-mine worker

By
Jos Lawnin
Recened 31vim 62

aplan 11) m 19533, recorded a particuar tape of opacyly m the chest
cadwgraphs of coal miners with rhenmsterd polyartheitis The shadows
were nugterous. small, some reaching a drameter of 1-2 em, well defined
anq scattered over both lungs About a quarter of the preumoconiotic
coal-mimers with rheumatosd arthrtis were found to have these opace
ties Higher still was the frequency of massne pulmonary fibros,
which 15 probably due to pncumocemosns wilh secondary mfection,
most frequently tubcreuloss

Gongh, Rwers & Seal (12) have deseribed the pathalogieal changes
m the lungs from cases of Caplan’s syndrome Macroscopically small
nodufes were found with 3 concentric arrangement of darher and hight-
«r arcas, They resembied the snfcctine type of nodoics shch are
found 1 coil-miners Mith secondary wnfection i the lungs Some of
the nodufes showed destruction in the lighter arcas, while others were
cafafied Mreroscoprealls the nodules were found to be made up of a
cendral area vomposed of nefrotic colfagen contuming dust thal was
often arrangdod w dines and Qreles Around the necrofie layer a zone
was found contamnmg polymorphnucte (r cefls, [ymphocytes, and ma-
ceaphages The penpheral part of the nodules showed collagen and
(throblasts, mawly concentrieally arsanged in some nodules the fibro-
bltuts shoned pallisading, somewhat reminiscent of the vallisading
found 1 subcutaneous rheumatosd nodules

“mntlar radwiogial andor pathalagieal changes have been recorded
m rheumatoid patrents expesed to adica (3, 6, 7, 13), 10 4 hovler sealer
1411 A foundry-worker 12}, and i an asbestos-worker (16}

One cise m a patient exposed 1o sihea was presenfed n 1957 at &
meetng of the Svensha Lakerescishapels sekton for Rheumatologt
111 We have not found any other repert of thes disordes w the Sean.
dmavian medical Wterature The syndrome seemms 1o be of mportance
from 1 practieal hygienie poinl of sien as well as heing of theoretical
|:n1;n:1:mu to the understanding of the pithogencss of Meumatoid
nodah

The following east was recently examned at Gade’s Institute
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CAST RFPORT

A 62 ycar old man had been working 1n a chalk mine and with quartz rock
for 34 vears unti] 1955 In 1934 he developed the first signs of rheumatod
arthritis stiffness and pain in the wrists and knces In 1955 he had typeal symp
tems and sigas of rheumatord arthritis He had to stop working because of the
arthritis At this time he had no pulmonary symptoms and a chest x ray showed
onlv slight thickening of the pleurn

In 1956 he had swelling and impatred moyvement of the shoulders elbows and
fingers exudate 1n the knees and stiffness of the ankles The muscles of the estr
mities were atrophie A chest x ray showed hilateral infiltrations n the lungs He
had no cough nor dyspnoea He was given Butazolidin orally and hyvdroeartisone
mjections into the shoulder and knee joints with some improvement

Within the following years he showed continuous signs of rheumatord arthntis
and was hespitalized several times and guen phyvsico therapy salicylic aed and
pold injections

In 1959 he started to complain of dvspnaea

In I chbruary and Scptember 1960 he had fever and pneumonic svmploms and Was
treated with antibioties Irom this time on the dyspnoea became more marked

In Octoher 1960 he was re admitted to the hospital because of arthrtis ssmp
toms At this time p chest x ray showed extensive fibrous infiltrates in both lungs
with cavitres in both upper lobes and 1n left lower lohe The tuberculin test was
fornd to be ncgatine Several speeimens of sputum were cultured for TB with ne
gative results A lymph node biopsy (am Daniel) showed reactine hyperplasia

In the following 9 mouths he suffired continuously from dssphoca and was gnen
ovvgen at times In the Jast months before he dicd he had no Jomnt symj toms He
died in August 1961 with combined cardio pulmonars failure

I aboratory tests
19%6 Sedimentation rate 76 mm
W hite bload cell count 17000/mm3
Serumprotemn 725 gm per cent
Albumin/Gic bulin ratio 3 0814 17
1959 W aaler Rose sheep cell agglutination test 1 320
Nov 1960  Antistreptolysin titre 1 60
W aaler Rose test 1 5120
Thymol turbidits 19 8 Ve I aghan units
Scrumprotun 83 gm per cent
Albumin/Glcbulin ratio 4 439
Serum CO content 255 m eq/litre
Nov 1960 March 1961
25 sputums cultured for TR Negatne
‘arch 1961 Hgh 80 per cent WBC 10800/mm?3
Serum CO content 30§ m eq/litre
Sputum Grcwth of pneumocacer and staphylococer koagulase positne
July 1961 Serum COp content 25 37 m eq hitre
Sputum Growth of alealigenes foecalis staphylococes hoagulase positine
and hetahaemolytie strej tococer

Auntopsy Report

At the post mortem eaxamnation diffuse pulmonary fibrosiss was
found with multiple, small consolidations scattered over both lungs
Both upper Jobes showed marked fibrosis with destruction of the pa
renchyma Only fibrous trabeculi remauned In the top of the left lower
Jobe seyeral cavities, contumng greyish, necrotic material, were noted
The heart was cnlarged, weighing 450 gm, with 2 hypertrophic right
ventricle There were 1o signs of shcumatie valvular lesiens The Joints
showed typreal rheumatoid lesions
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Fia 1 Mgty hots graph trom the fung <howing necrotic nodules surrounded by
ammation and fibrosis 1 + F x 90
i 2 nm genteal nicrotie area contains dust particles Tn the Telt of the necrosis
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CASF RFPORT

A 62 year 0ld man had been working 1n a chalk mine and with guartz rock
for 34 vears until 1955 In 19534 he developed the first signs of rheumatod
arthritis stiffness apd pain in the wrists and Inecs In 1935 he had typical symp
toms and signs «f rhenmatoiq arthntis He had to stop working because of the
arthritis At thiy time he had no pulmenars symptoms and a chest ¥ ray showed
onls shight thickening of the pleura

In 1906 he had swelling and impaired moyement of the shoulders elbows and
fingers exudate in the knees ynd stiffness of the ankles The muscles of the exlt
mities were atrophie A chest x rav shoned bilateral infiltrations in the lungs He
had n) cough ncr dysproca He was given Butazolidin orally and hsdrocortisone
nyections into the shoulder and hnee joints with some improsement

Within the following vears he shawed continuous signs «f rheumatord arthribs
and was hospitafized several times and given physico therapy saheshe acd aod
s 1d 1njections

In 1959 he started to complain of dyspnoca

In I chruary and Septemher 1800 he had fever and preumonie symploms and wis
treated with antib: tics From this time on the dvsy noea became more marked

In October 19€¢0 he was re admitted to the hospital because of arthritis ssmpP
toms At this time a chest < ray showed extensive fif rous infaltrates in bolh luoss
with cavities in hoth upper lobes and 1n left lower Ishe The tuberculin test was
fcund to be negatinve Several specimens of sputum were cultyred for TB with ne
gative results A Iymph node hiopsy (am Daniel) showed reactive hyperplasia

In the following 9 months he suffcred continuousls from dyspneea and was gnen
axsgen at times In the last months befare he died he had no jont symptoms He
died in August 1961 vith comhined cardio Pulmonary failure

Laboratory lests
1906 Scdimentation rate 76 mm
White blcod ecll count 17000/mm3
Serumptotein 725 gm per cent
Al uminf(lobulin ratio 3 08/ 17
1959 Waaler Nase sheep cell agglutination test 1 320
Nov 1960  Antistreptolvsin titre 1 60
W aaler Rose test 1 5120
Thymol tarbudity 19 8 Ve Laghan units
Serumprotein 83 gm per cent
AlbuminjGlcbulin ratic 4 4/39
Serum CO content 25 %5 m cqflitre
Nov 1860-March 1961
25 sputums cultured for TB Ncgatine
March 1961 Hgb 80 per cent WBC 10800/mm3
Serum CO <@ ntent 10 € m eq/litre
Sputum  Gr wth of Pneumococer and staphylococer koagulase positine
July 1961 Serum (O content 25 37 m eq litre
Sputum  Grewth of alcaligenes foecalts staphvlococe: hoagulase positive
and befahaemolsfic streptococct

Autopsy Report

At the poest mortem examination diffuse pulmonary fibrosis was
found with multiple small consolidatinns scattered over both lungs
Both upper lobes showed marked fibrosis with destruction of the p1
renchyma Only fibrous trabecult rem uned In the top of the left Jower
lobe seseral cavities contunmng greyish necrotie material were noted
The heart was enlarged weiphing 450 gm with a hypertrophic right
ventricle There were no s1gns of rheumatic valvular fesions The Joints
showed fypical rheumatord lestons
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howerer, showed the charactenistic nodules with central necrosts sur-
rounded by inflammation and fibroses, as deserihed by Gough el al
(12} In some areas< palhsading was noted remuntscent of subcutancous
rheumotord nodules

Pulimonary granulomatous nodules hate been desentbed previously in
patients with rheumatord arthritis who have not been exposed to dust
at work {10, 17}, but as a rule the lungs either show no alterations, or
interstitial fibrosis with chronie, reactive changes (9) In the reported
cases of Theumatoid arthritis with non-paesmoconiobic changes i the
lungs, rheumatoid granulomata have becn found m other organs as
well 116) 1t 15 unhhely that sthea or other foresgn particles have been
of a pathogenetic importance in such cises In our case the lung tissue
only showed necrotic changes It 1s possible that the siliea present m
the tissue has heen of mportance to the inflammatory, neerotie lesions
The usual silicotie reaction, charactenized by fibrewis and hyaliniza-
tion and only moderate mflammatory reaction, appears to be modifted
in patients with theumatord disease with resulting necrosis of the pul-
monary hissue and an inflammatory reaction, resembling rheumatoid
lesions 1 the joints and shin

The path sis of rh ! 10818 18 obscure, as s
that of sithcosis The most recent theory concerning silicosss s that
stiicy, mstead of having @ simple toxic effect on the tissues, combines
with protemns and acts hhe an antigen Cepellint & Perpus (4) found that
the acellular hyahne, stheotie tissue coutained a fraction which was
found to be identical to the plasma proteins, with a immuno-cletro-
vhoretic mohility sundar to beta and gamma-globuling 1t 15 possible

that these globulins are antibodies agminst silica or silica combined with
human protein

1t has heen suggested that patients with rheumatoid arthntis are
hypersensitine to fissue profems (8) and the discase has been calted
an auto immune disease The rheumtord factor has heen considered as
an anbibody 1o grmmnslobubin (14, 18) Taylor & Shepherd (18) and
Gluck & Wanler (19) hyve found that factors in sera from rheumatond
paients are bound, m & spealic way, o the rheumatoid nodules The
rheum tod factor 15 supposed {o react wyth globulin complexcs 1n the
tsue (13Y

Gough et af suzgested that the mflammatory reaction m the lungs
m ces of rhcumatord pneumoconiosts 1s caused by the neerosis of
collagen due to silica 118 possible also that Ptrents with rhoumatoid
arthrtis may show sunilar histological chanenc fan scns -

A a0 ovacyion
ton ' ey e e cause of the neerosis as well ay of the mnflamma-
on



Microscopteal Lvamunalion

Scehions from all parts of the lung showcd small nodules surrounded
by fibrosis (F1ig 1) Normal lung structure was evident only i small
areas The nodules had a characteristic structure with central neerosts
where only hyaline and amorphous material, nuclear fragments and
dust particles were seen The dust particles were found to he birefrac
tine The necrotic areas were surrounded by a zone of nflammatory
cells: lymphocytes, plasma cells, and some cosmoplulic cells, but
no gant cells Dust was also noted n this zone, both ntra- and
cxtracellular The zone was surrounded Dby a layer of collagenous
conncelne tissue In some areas pallisading of the fibroblasts was ev
dent (Fig 2) Most of the nodules were single, but some formed large
confluent areas containing several nodules surrounded by inflammation
and fibrosis Some arteries i the vicity of the nedules showed mar
ked endothell prohferation with imfiltration of mononuclear mflam
matory cells In some aicas m whieh the pulmonary structure hd
changed but Litile from the normal, pneumonia was evident In the h
brous septa haemosiderm granules were seen, probably the result of
previous intrapulmonary hacmorrhage

In the myocardium there was an inerease m the amount of mterst-
tial fibrous tissue, but there was no active inflammation No rheumatic
or rheumatoid granulomata were found

DISCUSSION

The patient had becn exposed to dust contaming sihiea for a lond
pertod, 34 ycars He had had to stop working because of rheumatod
arthntis, whieh followed a typical course At thiy time a chest x-rav
showed only munor elianges It 15, therefore, highly unlikely that m
paired pulmonary function was the cause of the arthritis The <igns
and symptoms werce clearly different from pulmonary osteo-arthro-
pathy

In the neat 4 svears thete was marhed progress of the pulmonary
fihrosis Destruction of lung tissue was found and a diagnosts of sili-
cosis with sccondary tubcrculosis was considered

As stated by Gough ef al (12) coal-mier « pnevimocomosis with se-
condary tuberculosis will cause gross and microscopieal changes simi-
lar to the oncs seen in rhonmatowd pneumoconiosts Tuberculous infec-
tion will also modify the pathological lesions m silicosis and give de-
struction, ( wities, and an intlammatory reaction

In the presant case tubcreulous mfection seems to be very unlshely,
as 30 sputums cultured tor tuberdde baeillt gave negatne resulis and
histological and hacteriotogical post mortem examinations gase no evi-
dcnce of tubereulosrs

The radiological changes mn this ease were not characteristic of «ili-

5(‘051< and not typrcal of Caplan s syndrome The histological picture,
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INFECTION AND MALIGNANT TUMOURS

3 Furlher Studies on the Effect on Tumours of Phage Lysates of
Haempolyfic Streptococel

By
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1t has been demonstrated in previous studies (2 3) that a hactera-
free ysate of haemolylic streptocoeer, Group A, Type 12, produced by
Ivsing the bactersal culture with streptococcal phages, imlubits growth
and metastasization of Brown Pearce carcinmoma A brief survey 18 g1-

ven 1n those papers of the earlier reports concerming the intrgonism
between tumours and bactenial infections

The present paper deals with further studies on the effect on tu-
mours of phage 1ysates of haemolytic streptococer
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SUMMARY

A case of rheumatoid pneumocontosis 1n a chalk mine worker is fe-

ported The pitient showed (xtensive fibrosis and cavitation n both
lungs and chimeally the case was suspected to be one of stheosis with
secondary tuberculosis Howcver, tubercle bacill: were not found
and the hustologieal changcs n the lungs were sumilar to those reported
m coal-muners with rhounitord pneumoconiosss A possible pitho
genetieal interaction hetween stheotie tissue and rheumatowd faclor s

discussed
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INFECTION AND MALIGNANT TUMOURS

3 Further Studies on the Effect on Tumours of Phage 1 ysales of
Haemolylic Streplococet

By
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It has been demonstrated in previous studies (2, 3) that a baetena-
free Iysate of haemolytic streptocoees, Group 4, Type 12, produced by
Issing the bacterial culture with streptococenl phages, thibits growth
wnd melastasization of Brown Pearce earcinoma A brief survey is gy
ven m those papers of the earlier reports concerning the antagomism
between tumours and bactenial infections

The present paper deals with further studies on the effcct on tu-
mours of phage lysates of haemolytic streptococer
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same examiner On the basis of autopsy findings the ammals were divided into
three groups according to the occurrence of metastases () and three groups ac
cording {o the quantity of tumour tissuc (B) (3)

A 1 Tumour growth in the peotoneum onls
2 Tumour growth in the perttoneum and 1nsvasion into the diphragm ta the
pleura
3 Mctastases at one or more sites
B 1 No or Iittle tumour tissue
2 Aoderate quantity of tumour tissuc
3 large quantity of tumour tissue

In the experiments with mice 300 albmo mice of Statens Seruminstitut Breed €
were used (this breed has been inbred for more than (wenty vears) All of the mue
waghed from 28 to 30 grammes at the time of transplantation and distnbuli 0
mto the experimental groups was made at random

Substquent passapes of Ehrlich aseites carcinoma were used Fach amimal was
given 02 ml undiluted asertes fluid from a mixture of flmd from ten donors (The
tumour was provided by Dr Helge Lund The Unisersity Institute of Higiene
Copenhagen who has had the tumour 1in mice transfers for more than ten vears

The mice were gnen mtraperitoneal injechions of bacterial Issate or placebo (scrum
broth) ¢very alternate day from the dav after transplantation

The survinal tume after transplantation was used as indication of the effet of
treatment Three mice which did not die spontancousls were sacrificed 60 davs after
transplantation Autopsy was performed on all the mice

Che mice were treated with the same hacterial Ivsates and placebo preparations
s the rabbits, however physiolagical saline was siven as placebo to 20 muce mstead
of serum brath

TABIT 1

hoolridlits o or rallits| No ofraltis

No of rabbits
daad before (e withent vitil

Acammenee | S| ISR | e
experintent phntaton WO penml[ at antog
Treated with optimal dose N
[ysate 52 0 5 20
Placebo 33 1 32 0
Treated with two to four
times the oplimal dost
Iysate 54 29 25 g
Placebo 33 5 28
Treated unth half to quarter
of optimal dose
1ysate 30 0 30 ;
Placebo 27 1 26
Treated with ane strth to
one tenth of optimal dose
Iysate 7 0 7 [}
Placebo 6 0 6 0
Untreated control animals 56 1 55 o
R1ISLI TS

Rabbul experuncnis
In the first sertes of expe rments the ndiadunl dose varied from 1

to 20 m! The farst injection wAas giuen on the 2nd day after transplan-
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same (xammer On the basis of autopsy findings the ammals were dnild inlo
three groups according to the owurrence of mctastases (4) ant threo groups ac
cording to the auanbity of tumour tissuc (B) (3)

A 1 Tumour prewth in the Pt neum only
2 Tumour growth in the pertoncum and invasion st the dhaphragm to the
ploura
T Metastases at one or more sites
B 1 No or hittle tumour hissue
2 Madaate quantity of tumour tissue
4 Targe quantits of tumour tissuc

In the experiments with mice 300 albino mice of Statens Scrumimnstitet Broed €
were used (this breed has haen imbred for more than twents vears) Al of theme
waphed from 28 to 30 grammes at the time of transplantation ani distritutin
mto the experimental preups was made at random

Subscquent passages of Fhrlich aseites carcnema were used Fach animal was
siven 0.2 ml undiluted aseites fluid from a mixture of fluid from ten donors (The
tumour was provided by Dr Helge Tund The Unwersity Institute of Hygiene
Copenhagen who has had the tumour 1n mice transfors for more than ten vears

The mice were given intrapcritoncal injections of bacterial Ivsate or plactho (serum
broth} cvery altcrnate day from the day after transplantation

The surynal time after transplantation was used as andseation of the effuct €
treatment Three mice which did net dic spentanepusly were sacrificed 60 dass after
transplantation Autcpsy was performed on all the micc

The mice were treated with the same badterial Ivsates and placebo preparations
as the rabbits hawever physiological salme was given as plactho to 20 mece msteal
of «erum hroth

TABIT 1t

Mo afrablite (o orpittats N ofmalt s

Neahral i lertfefore N0 ofrithiis WA ol

e GG bl ] sl
experinient "’,,;Lf“,gl‘l v timperio!| atad 1%
Troated with optimal dsse ”
Iyvsate 52 [ 52 .n
Placebo 33 1 32
Treated with o to four
ttmes the opttmal dose
Ivsate 54 29 2, g
Placebo 31 LY 28
Treated with half tc quarter
of of tuntal dast .
T1sate 30 0 0
Placehe 27 1 2 0
Treated with one sixth to
onc tenth of ptumal dose \
Lysate 7 [ 7 °
Placebo 6 0 €
Untreatcd e ntrol anim s 56 1 55 )
RISLI 1S

Rabbul experunends
In the ferst sertes of expertnents the mdiadul dose vard from 1
to 20 mi The first njection Was given on the 2nd dav after transplin
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groups Howeser, the few amimals that survived this mtense lrlcal:g‘l:
showed the same frequency of metastases and fumour develop
a5 those grven the optimal treatment (Figs 1 A and 1 B)

\uch more mferior results were obtained with a half of a quarler
of the optimal dose, and when the dose was reduced to a sixth or a
enth of the uptrmat dose, the Tesults were the Lame s fallawing, placebo
treatment Howeser, the number of animals 1 this group was ‘ery
<mall {Figs 1 A and 1 B)

In the first sct of experiments aulopsy resealed that there was no
vital tumour tissue i 30 out of 261 animals {macroseopse cxammation)
All 30 had been treated with bacterial Iysate, 20 with the optimal dose,
9 with two to four himes the optimal dose and 1 with half the optimal
dose (Table 1)

In the second series of experiments the number of 1njections
per rabbit saned The first ijection was given two days after trans-

The dose 2d was as large as possible without cau-
.smg deteroration of the general condition of the amimals during the
treatment

Four groups of young rabhits were given one, three, six or mne lo
ten injections of bacterial hysate, respectively, one group was njected
with human serum hroth and one was not 1njected

In 13 ammals gnen one injection of bactemal lysate, the rate of
growih and metastasization was exactly the same as found m 18
placebo treated and 24 untreated rabbits (Figs 2 A and 2 B)

In {he three groups 1 which several injections of bactenal lysate
were gien, mhibition of tumour growth m the peritoneum and also
blochage of the abihty fo metastasize were seen 1n a considerable
number of mstances This blochage of the metastasizing ability was
also observed 1w some of the anmmals which, 1n spite of the treatment
had moderate or Inrge quantities of tumour lissue m the peritoneum
1Figs 2 Aand 2 B)

This series of experiments showed that a single injection of hacte-
rial lysate given a few days afer transplantation, had no effect even 1f
1t was as large as possible without deteriorating the general condition
of the amimal Continued treatment, howeser, resulled m inhibition
of both growth of tumour and of metastasization The material 15 too
small 1o determine whether there was any actual difference m the
resulls of treatment with three, six or mine 1o ten njections
. In 40 out of 94 ammals 1o Vital wmour tissue was found at autopsy

mne of these had been treated with bactersal lssate, 2 wath three
Il’;](‘:llnn‘ 4 with s injections and 3 with nine or ten injections One
‘:cr:x‘.f; tl:onilr‘ul inm |l~zl which had recened three njections of buman
5 iroth presented no frace of tumour growth at autopsy (Table

In the turd series of expertments treatment Was instituted 1t various
fimes afler transplantation

12¢
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rabbits This optumal dose vared from 2 to 10 m! according to the
preparation used (Table T and Fig 1 A)

The largest doses, piz 15 and 20 ml, caused detertoration of the
general condiion 1n all cases, and the mortahty rate following treat
ment was very high (Table 1 and Fig 1 A)

Out of 54 animals given 4 dose two fo four times greater than the
optunal dose, 29 died as the result of the treatment before the 12th
d1y after transplaniation, re before the tumour had developed sufft
ciently to allow a compirison with the placeho-treated or untreated
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In 12 out of 89 anmmals m this series, no vital tumour bissue could
be found at autopsy s regards 10 of these animals, treatment with
bactenal lysate had been started between the 2nd and 8th day, while
n one ammal lysate treatment was commenced on the 13th day
Placebo treatment was staried 1 one ammal on the 15th day, and
autopsy of this ammal revealed no Llraces of tumour development
(Table 3)
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TABLYT 2

No of rabbits

Ro of rabbuts |\ o of raptuts| No of rahbts
at commence !

dead before | U hade’ | without vulal

12th day
ment of quate obser | fumour tissue
experiment ;'{:;I;'ﬁ(’,‘; \ation period|  at autopsy
Treated with one 1njection
of bacterial 1y sate 14 1 13 0
Trcated with three injec
tions of bacterial Ivsate 10 [ 10 2

Treated with sixinjections
of bacterial Iysate 14 2 12 1

Treated with nine or ten
mjections of bacterial 1y

sate 18 1 17 3
Placebo 20 2 18 1
Untreated rablnts 24 0 24 0

Using the same techmique, 1t was found previously (Chrislensen &
Kjems 1959) that there was pronounced tumour growth n the pen-
toncum hetween the 4th and 7th day and macroscopically vistble
metastases between the 9th and 13th day after transplantation m
almost all of the untreated or placebo-treated amimals

In this series, 21 untreated animals were sacrificed between ihe
4th and 15th day after transplantation The rate of growth of tumour
tissuc and the tunc of occurrence of visible metastases werc found
fo be 1 accordance with previous observations 13 animals Lalled
between the 4th and 11th day all had significant growth of tumour
tissue 1 the peritoncum In one of the amimals the tumour tissuce
had myvaded the diaphragm but none of the amimals had any macro-
scopically svisible metastasization Three animals hilled on the 11th
day and 5 on the 15th day after transplantation all had metastases
and moderate or large quantities of tumour tissue 1 the peritoneum

The rest of the ammals 1n this series, piz 89 joung rabbits, were
dinided 1nto seven groups Treaiment was commenced on the 2nd,
5th, 7th, Sth, 10th, 11th and 15th day after transplaniation respec-
tively, and contmued with three injections per weck until ten mnjec-
tions had been given or the rablnt had died

In the four groups m which treatment with bacterial lysate was
commenced on the 2nd, 5th, 7th and 8th day (early treatment), m-
hibition of tumour grow th and metastasization were seen 1 a number
of the ammals There was no inhibition of tumour growth in the three
groups 1n which treatment was mstituted on the 10th, 11th and 15th
day (late treatment) (Figs 3 A and 3 B)

No difference could be demonstrated between the results of treat-
ment within the four first-mentioned groups and wathin the three latter

groups (Figs 4 Aand 4 B)



In 12 out of 89 animals in this series, no sital tumour tissue could
be found at autopsy 3s regards 10 of these anumals, trealment with
bacterial Iysate had been started between the 2nd and 8th day, while
in one amimal lysate treatment was commenced on the 15th day
Placcbo treatment was started in one amimal on the 15th day, and
autopsy of this ammal revealed no traces of tumour deselopment
(Table 3)
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Fig 4
Alctastasization and quantity of tumour tissue m the individual groups of animals
using yaryving times for commencement of treatment

TABLE 3

No of rablits| No of mallits

o of rablnts
! with ade without vital

dead b fore

| o of rabbuts |
‘ at commence

ment of Jahdy | tumour tssue

eopetbit | sty (I R R
Treatment commenced between
2nd and 8th day after
transplantation
Iysate 30 1 29 10
Placebo 23 2 21 0
Treatment commenced belween
10th and 15th day after
transplantation
Iysate 23 1 22 1
Placebo 17 0 17 1

In order to cxclude the possimlity that the negatnne result of treat-
ment with a single injection of bacterial Iysate was duc to the njection
having bheen ginen too early 1 the course of the development of the
6 young rabbits were given one mjection on the 8th day after
autopsy all 6 animals were found to hne metasta-
r Iarge quantitics of tumour tissue

tumour,
transplantation At
ses and moderate o
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In the second and twrd serses of experiments combined 10 out of
199 ammals ded befate the 12th day after transplantation These were
excluded from the material, sice they could not be compared with the
others from the point of view of quantity of tumour tissue and meta-~
straization Treatment with bacterial hvsate had heen commenced m
6 of these ammals and 4 were under treatment with placebo {Tables
2 and 3)

Dunng the production of lisates from hacmolytic streptococer,
contamination occurred a few times with Gram negalive bactena,
fwice with I seherichia eolt When such contamination was pronoun-
ced the preparation completely lost its inbiting effect on the Brown-
Pearce carcmnoma and at the same time became considerably more
touie These changes were not due to mfection of the experumental
anamals, since they were found even when the preparation had been
rendered stenile by filtration before use

Some cases of diffuse perifomitis with Gram negatine rods occurred
among the rabbits as all the injections were given by the intraperitoneal
tonte 1n some of these ammals there was mhibition of the loeal tumour

because of the peritonitis, but the organie metastases were not affected
by such infection

Mouse experuments

In the experiments on mice with Fhrlich wseites carcinoma the bac-
tenal husates had no effect on the median sursnnal time after trans-

TABLE 4
No of mice Me1ansunivalt me
Untreated 87" 127 davs
Dose per gramme as ophmal dose
in young rabbuts
Lssate
Placebn (serum broth) b : 3 g ga::
{phy siologrcal saline) 10 129 davs
Dose per gramme tunce the optimal dose
in goung rabbits
[3ysate
lacebo (serum broth) Z’é’ 1‘133 e
(physiolagical salin) 10 144 3:;:
D se per gramme three times the optimal
lose tn young rabbuts
v
Poaeebo (e » 1oy dav
um broth) 10 102 anne
ave
.. - .
.
e Tat
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A METASTASES
CJ NO METASTASES
20+ [2 INVASION OF DIAPHRAGM
W METASTASES
10
%]
=
a 4l
g |8
é QUANTITY OF TUMOUR TISSUE
204 O sMaLL
£ MODERATE
M LARGE
10
o4
1 3 5 7 9 1"t 13 15
DAYS AFTER TRANSPLANTATION

Fig 4
Vctastasization and quantity of tumour tissue in the mdividual groups of ammals
using varying times for commencement of treatment

TABIE 3

| No of rabbits |3 oF Fabbs |\ of rabiuta| No of rabl s
3 with ade

at commence B ;"“’ wathout vital
ment of afterteads  quate obser  tumour tisue
| xperiment | LIS |vation peried | at autopsy

Treatment commenced between
2nd and 8th day after
transplantation
Ivsate 30 1 9 10
Placebo 23 2 51 0
Treatnient commenced befween
10th and 15th day after
transplantation
Ivsate 23 1 29 1
Placebo 17 0 17 1

In order to exclude the possibility that the negatne result of treat-
ment with a single mjection of hacteria! lysate was due to the myection
heen giien too early m the course of the deselopment of the
tumour, 6 young rabhits werc given one mjection on the 8th day after
transplantation At autopsy all 6 animals were found to hne metasta-
ses and moderate or large quantities of tumour tissue

having
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In the second and third scrwes of experiments combinedt 10 out of
199 anymals died before the 121h day after transplantation These were
excluded from the matenal, since they eould not be compared with the
others from the pomnt of siew of quantity of tusnour tissue and meta-
tasization Treatment sith bacterial Ivsate had been commenced in
6 af these animals and 3 were under treatment with placeho (Tables
2 and 3)

During the productien of Nhsales {rom haemolyhe streplococes
contamination occurred 1 few limes with Gram negaine batlena
twice with Fscheriehia colt When such contsmination was pronoun
ced the preparaton completely lost its inhibiting effect on the Brown
Peatre cnranoma and at the same hime became tonstderably mere
toxic These changes were not due to wmfection of the experimentat
mimals since they were found even when the preparation had been
rendered stertle by filtration before use

Same cases of diffuse penitonitis wath Gram negatine rods oceurred
among the rabhits as all the mnjections were given by the ntrapentoneal
toute {n some of these animals there was mhibition of the local tumour
beeause of the penitontss, but the organic metastases wete not affecied

v such infection
Vouse experiments

In the experurtents on tuce with Fhrfich asaites carcinoma the bac
teryal I3sates Bid no effect on the mediin sursinal ume afier trans

TABLF 4
o otmce  Velansurvival time
1 ntreated 87° 127 davs
Dose per gramme as optimal dose
s young rabbits
1ysate
Flaccbo (serum hroth) ;g }?23:3:
(physiolagieal satine) 10 129da§!
D 3¢ pev gramme tw ce the oblimal dose
1n young rabbts
Iysate
Placebo (serum brc th) 3’;' 1‘.‘7 ggi)!
(phraiological sahine) 10 3 d:;i

D we per gramme three times the optunal
{ 3¢ 1n young rapbite

Ivsate

[N

. i growth 33 days after transpiaats
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planiation, even though the smallest of the doses per gramme body
weight was just as large as the optimal dose given to the young rabbts,
and the Iargest dose was three times bigger (Table 4)

DISCUSSION

In agreement with previous studies (Christensen & Ejems 1939),
the present experiments have shown that bacleria~free Iysates of
haemoly tie streptococer ean mhilt both deselopment of metastases
and local growth of Brown-Pearce carcinoma

With the techmque employed here, repeated injections of bacternl
Iysate must be grven n order to demonstrate this effect on the tumour,
and treatment must be mstituted before the 10th day after transpln
tation

The unpurified preparations are toxic and cause general deterioration
1n doses wlich are only shightly higher than those which ntubit
the turmsours There 15 considerable vanation n the toxieits and m
the abihity to inlubit tumour growth from one preparation to another
However, on the basis of the material asailable, 1t cannot be deternuned
whether the tumour-inhibiting effect and the toxicity are proportional

As mentioned, a smgle mjection had no effect, even when the dose
wats a5 large as possible without affecting the genceral condition of the
experimenial amimals This s of mterest, since 1t shows that a non-
offectiye myection does not nterfere with the effect of subsequent in-
jections This 15 1n contrast with the results obtuned with Shear's poly-
saccharide and allied substances from Gram-ncgatne bacterit on
adult mice with tumours With these substances an effect 1s seen only
after the first injection, because the mice and the tumour tissue ramaly
acquire imcreased resistance to the substances (16) Preparations of
the “Coley Mixed Towns” type also cause wcereased resistanee after
the first injection (7)

It has boen demonstrated with Shear’s polysaccharide that the moust
tumours must be of a certmnn age and size to gne reaction m the form
of haemorrhagic neerosis after mjection of the substance This de
pends on the fact that the action of the polysacchande 1s due mamht
to tts ability to induce a marked hypotension 1n the cxperimental
antmals, and consequently the effect will not be sigmfic it until e
tumour 15 vascularized (5, 4, 1) In contrast, the effect of the 1ysates
seems to e without relation to the vascularization A single mjection
of hacterial Iysate had no effect whether recennved on the 2nd or on
the 8th day after transplantation, and a series of njyections had ibe
same tumour-inhibiting cffect whether 1t was started on the 2nd or on
the 8th day On the 2nd day a small amount of tumour tissue was found
in the control animals and the hissue had no vascularization —~ on tht
8th day the rabbits had a consulerable amtount of tumour tissue mn the
pentoneum and the tissue was vascularized
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On ar count of the general condition of the ammal, the single mjection
ginen 1n the present expenments could not he more than about onc-
third of the dose found to be optimal 1f the treatment was distributed
in the form of st to ten mjections This seems sufficient to explan the
fact that a single injection was without effect

Another cventuahty 15 that the tumour snhibiting effect mght be
connected with an immumzing process, and that repeated injections are
required for either the amimal or the tumour to form antibodies agamst
the bacterial Iysate before imhibition of the tumour commenced The
present experiments carned out with Brown-Pearce carcinoma neither
exclude nor support s possibihty

In this connection 1t should be mentioned that development of ante-
bodies agamst Brown Pearce carcinoma 1s of significance as regasds the
course of tumour growth m adult rabbits (8, 9, 13, 14, 15)

In the present studs, young ammals were employed because these
amimals have a poorer ability to {orm antshodies than the adults In
the experiments a fairly uniform tumour development occurred n
voung ammals w huch were {ess than 18 days and more than 7 days old
at time of transplantation Immunological tolerance can be provohed
1w young rabbits up to 17 days after birth by means of hovine albumin,
ovalbumin and human gamma globulin (18) The unmiform and rapid
gronth of Brown-Pearce careimoma and the almost complete ahsence
of tendency to regression in the young, 1n contrast to the great tendency
m the adults, may possibly he due to immunological tolerance to the
tumour having heen induced by transplantation and to this tolerance
heing mamtamed by the growing tumour

1t seems to be much more difficult to provoke immunofogical tole-
rance to antigens of bacterial ongim (18, 17) Nothing 15 known about
{he atuhty of ysates of haemoly tic streptococct to induce 1 !
tolerance For this reason 1t 1s impossihle to deeide whether an antigen-
ntihods reaction caused by the Iysates in the young rabbits play any
role in the tumout-inhibiting effect
‘r:‘:s::lzﬂ::::‘l;;“‘;sc col:lmnnccd later than the 8th te 10th day after

\imost al of only demonstrable effect was a higher mortahty
all ot the unircated young rabhits with Brown-Pearce carcr-

noma had 2 good general condition and showed normal tnecrease n
weight 9 to 11 days affer frans

plantation Howeser, autopsy at that
ﬁl'lg‘.“‘l! revealed that there were considerable quantities of tumour tissue
w the pentoneum, frequently mnsasion of the diaphragm, and often vi-

sible metastases i the organs Treatment of animals hay ing such large
quantilies of tumour tissue 1n relatinn 4n o wn okt £ a0 .

i
s = s AL IR Ditreltn pwo techmique, were able t
l:::;:‘::)‘ the take of Fhirhek aseites carcinoma by means of hacmolcw::
Dlococer and an extract of haemols tic streptococes (11,12) The tu-
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plantation, cven though the smallest of the doses per gramme body
weight was just as large as the optimal dosc given fo the young rabbts,
and the largest dose was three times igger (Table 4)

DISCUSSION

In agrcement with previous studics (Chrisicnsen & Kjems 1939),
the present experiments have shown that bacteria-free Iysates of
haemolstic streptococer can mhibit both devclopment of metastases
and local growth of Brown-Pearce carcinoma

\With the techmique employed here, repeated mjections of bacterral
1ysate must be gnven 1n order to demonstrate this effect on the tumour,
and treatment must be mstituted before the 10th day after transplan-
tation

The unpurified preparations are toxic and cause general deterioration
m doses which are only slightly higher than those which mnhibit
the tumours There 1s considerable variation in the toxicity and m
the ability to inhibit tumour growth from one preparation to another
Howenver, on the basis of the material available, 1t cannot be determined
whether the fumour-inhibiting effect and the toxicity are proportional

As mentioned, a single mnjection had no effeet, esen when the dose
was as large as possible without affecting the general condition of the
experimental animals This s of nterest, since 1t shows that a non-
effective mnyection does not interfere with the effect of subsequent in-
jections This 1s 1 contrast with the results obtained with Shear’s poly-
saccharide and allied substances from Gram-negatine bacterta on
adult mice with tumours With these substances an effect 1s seen only
after the first injection, because the miee and the tumour tissue rapidly
acquire mereased resistance to the substances (16) Preparations of
the “Coley Mixed Toxins” type also cause mcreased resistance after
the first tnjection (7)

It has been demonstrated with Shear’s pelysaccharide that the mouse
tumours must he of a certain age and size to give reaction m the form
of hacmorrhagic necrosis after mjection of the substance This de-
pends on the fact that the action of the polysaccharide 1s duc mamnly
to its ahlity to mduce a marked hypotension mn the expermmental
ammmals, and consequently the effect will not bhe significant until the
tumour 1s vascularized (5, 4, 1) In contrast, the effect of the lysates
seems to be without relation to the vascularization A smgle injection
of bacterial lysate had no effect whether recernved on the 2nd or on
the 8th day after transplantation, and a series of wmjections had the
same tumour-mhibting cffect whether 1t was started on the 2nd or on
the 8th day On the 2nd day a small amount of tumour tissue was found
10 the control amimals and the tissue had no vasculanzation ~ on the
8th dny the rabhis had a considerable amount of tumour tissuc tn the
peritoneum and the tissuc was vasculanized
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mour cells were exposed to a very strong cffect in vilro, after which
transplantation to mice was used to demonstrate whether suffieient
vital tumour cells were lett to cause growth of the tumour m the mice
However, the method provides no mnformation regarding the dose able
to inhunt the tumour cells  pwo

In the present study the negative outcome of the attempt to influence
Lhrhch ascites carcinoma with a lysate of haemolytic streptococet
shows that the ascites carcinoma in pwo 1s less sensitive to streptococeal
lysates than the Brown-Pearce carcinoma It cannot be determmed with
the preparations used whether the ascites carcinoma in vwo ¢ be
mhibited at all by streptococer, since the survival time of both the Iy~
<ale-treated and the placebo-treated mice was decreased consuderably
by a further mncrease of the dose

SUMMARY

Brown-Peatee carcinoma can be mnhibited m young rabbits by lysates
of llaemoly tic streptococer The inhimting effect can be demonstrated
provided that

1 ‘Ihe doses admmisiered are so large that they approach the tove
level

9 ‘Lhe Lreatment comprises a series of mjeetions distributed over three
weehs

3 'Ihe treatment 1s mstituted bedween the 2nd nd 8th day after trans-
plantation

Lysates of hacmolytic streptococer do not prolong the median survi-
val time of mice with Lhrhich ascites carcmoma

The cxperiment il results are discussed mn reliion to the cffect of
toxins from Gram-negatine bacteria on tumours 1 micc and to the
offect of strcptococer on Lhirlich ascites carcinoma demonstrated by
Koslumura et al
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(1927} The temperature changed the form of the colonies, the produc
tion of pigment, the quahty and quantity of bactenal growth in flud
metia the formation of solutw and flagella, the fermentatne reactions,
the coagulase production, the virulence, ete

Billing (1956) obsersed a change in bacterial morphology when the
\ncubatton temperature was lowered from 37° C to 25° C

Olsen (1949) 1solated large fusiform microorganisms and classified
them tentatinely on account of the Jarge forms, into Spironema Sann
relli group Culturally, morph 13, and broch lly, these or-
gamisms scem to be 1dentical with the bacleria described in the present
paper

MATERIALS AND MFTHODS

More than forty steains of pleomorphic Baclerium anitratum were 1solated recent
1y from a chimieal matenal espeerally from urine and {rom swal s of gynaecolt gieal
. [ weamme pred ymi
emperature and
d in the micro
be due to the
. in the patients
au peen exposed betore the samples for hacteriological examinations had been
laken “Nevertheless a closer investigation revealed that the cell forms evidently
were The fusiform shapes in the cultures
grown a1 31* C Were supposed to be due to the dissociation of the divison process
from the process of growth of these microorganisms It scemed that the division of
the straims examined was 1phitited a1 37° ¢, while growth sull continued so that
oversized and deformed cells developed
monk these forty strains which all changed ther form with the incubation
temperalure 190 strains each With a different reaction to the temperature of 37° G,
and with a different reactian o nent .
study on
factors w
shaped fo

experymer « ut LU Sec whether the same morphological changes could
Te obtained also 1n experimental animals

The first strain 11 was 1solated 10 2 pure culture from the urine of 3 middle aged
patient with the clinical diagnosis Carcinnma colls uters Strain P was isolated
rn:\n‘: & mixed culture as a contaminant

ter the preliminary fnvestigations both straims were hept 15 ophil
tno months before they were subey] " sy -‘*l 9

for about
arar nlgtee tured every two Weehe ne ne & PR

In order to test the * 2
both strains and to det
Togical changes three § .
arst Eoth strains w
Pperature and 1o the te

. e “ LS4 ANt at other te
p(nh:ru'.ln :;:: ‘I}lm‘l; ::r (lhe same perjods of time Thus the effect ::.p:;l;l::rr;s
entione ! fnterval was investigated 1o the cultures which
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THL INTLUENCE OF TEMPERATURE ON THE SIZE
AND SHAPL OF BACTLCRIUM ANITRATUM

By

BRroax A Brzint
Recened 1011062

The present paper 1s a study on the influence of conditions of cultr
vatten on bactenal cytologs The effects of physical and chemieal agents
on the cell growth of microorgamisms often reflect processess prepanng
the organisms for division or responsible for division itself The studies,
especially on the factors which inhibat cell division, could therefore be
useful m order to obtam nformation about the pathways of these
processes

The temperature 15 an agent mfluencing cell division, and this effect
Thas been used suceessfully to synchronize the cell division in populations
of protozoa (Scherbaum & Zeuthen 1954, 1953) and bactenia (Lark &
Maaloe 1954) ‘The experiments discussed below were carried oul with
thie ntention to deternune whether the temperature, at wineh the me
croorgamisms were grown, mght be responsible for the pronounced
changes 1n size and shape observed 1 Bacternum anttratum Pleomor-
plusm in this species 15 a known fact, but no consistent relation hetween
the morphologieal behasour and the conditions of cultivation has heen
demonstrated (Seehger 1952)

Many bacteria change their form n an unfazourable environment,
and in the carly bactenological evidence many interesting obseryations
of such changes are discussed (Lohnrs 1922) In most cases the ehanges
deseribed were induced by chemeal or unhnown agents Later, simiar
changes were obsersed under poor growth conditions (Orshov 1047)

It 15 noteworthy that sery carly a low temperature was found to be
a factor inducing morphological changes mn hacternt (Almqust 1909)

The stimulatine effect of a Ingh temperature on bactcrial variation
was studied by many early wthors and reviewed alredy by Hadley

This work has been made possible through the hospitalits of Statens Serum
nstitut and 1 wish to express mn sieere thanks to 1ts directar Preben ton Maqnus
D and to its members cspecalls to P Holm I Iantrop and 1 4 Freund

Al thanks are due also to Prof F Zeuthen Biologishe Institut Carlsbergfounda
tion wha stimulated this werk with his suggestions and allowed me t) use the
temperature gradient water fath 10 hes laboratory

T hould like to thank also R Cerant who made the I culgen staning

1 Permanent  address Aticrobiole greal  Institute  Medical f acults  Tjubljana

Jugoslavija
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monse and one guinea pig, respectively, were sacrficed every 24 hours Smears from
the penitoncum blood, and the internal argans of the sactiliced amimals were
etamined microscopically, and cultivated on 10 per cent blood agar plates

RFSULTS

Differences w the ¢ell morphalogy were significant and econsistent
w cultures wncubated at temperatures below 33°~33° C, as compared
with {hose incubated above this temperature For the sahe of clanmty
only the results obtared at room temperature and at 37° C are de-
serihed n thrs paper

1 Growth at Room Temperature

A Vacroscopical pictitre, After 24 hours of aerobic growth the colo-
mies of both strawns were cireular, grey, low comvex, smooth, shining,
displaying an unbroken outhne The diamcter of each colony yarsed
from one to 2 mm but it enlarged shghtly during the next 23 hours of

Wt Upon 3¢ at room tempernture {3econd
week and later), tongue-lihe protrusions, sunilar to those of Myxobac-

tenia, spread {rom {he border of some of the colonies, espeetally n
strasn H

B JMicroscopical picture: Wet mounts and stamed preparations
tahen from the centre or {rom the horder of the colonies which had
been subcultured at room temperature from the room temperature
cultures, shoned (Fig 1, 2) cocer, 0vo1ds (shont 05 X1 p m diameter)
and rare, short baeal(t (ahout 1X 8 p an dinmeter) Longer bacillt were
found onty rarefy, especially i strain H Shdes prepared Trom yanous
waves and also from the extreme barder of the tonguc-ltke protrusions,
showed the same forms and dimensions Some higger and rounder cells
were the only exceptions found al the end of the first weeh during
prolonged ohservations (for 3 months] of the cultures incubated at
Toom temperature Some of these ecells measured up to 4 pn diameter
::(\(;h‘sp\n.\od a darher central or paracentral area They might eorres-
xmnm::] T:csrx:?ll“:o:-rc’o?:)hw;mm After subcultpnation they always
Fation at room ooecord and bacrllary forms within 24 hours of men.
the eultures inct

frlaments, the st

orv o al loom temperature showed the s

:::;::::snnil a‘h?rt bacillary forms as the supeulfurss talan Feae e

notaupelde

, wrmou Rl rou.nd 4 2 1o 10 rect-
ovat baeith were found m the t‘onomgg ‘;J(:J::" so that long chains of
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were subeultured from colonies cultured at the same and at different mcubation
temperatures

In the sccond group of experiments the cultures were not subcultured on a fresh
medium but only the temperature of incubation was changed Microscopical exami
nations were made at Various antersals after the transfer

The third group of cxperyments was carried out as follows FErom the border of
the colonies the bacteria were smeared on a (frec) part of the surrounding mediwm
Some of these plates were immediately transferred to other temperatures the others
on various later occasions At vartous time intervals the new growth was compared
with the old one, macrascopically and microscopically

Besides these series of experiments both stramms were incubated at 37°, at 2,°C
and at room temperaturc continuously for a longer period (up to onc month at 37°
and at 25° C till 3 months at room temperature) These cultures were evamned
every kh\u hours during, the first day, every dav during the first weeh then onrce
a wee

In order to test the possible role of other factors indueing big fusiform cells
these orgamisms 24 hour cultures of both strain prcviously grown at 37°G and at
room temperatures were subcultured to various media and incubated at these ino
temperatures After 24 48 and 72 hours the form of the colonics and the micro
scoptcal morphology of both strains were compared with the mactascopical and
microscopical morphology of corresponding cultures grown on nutrient agar {for the
same length of time For this myestigation the followng groups of media were used

To test the nutrition factors various enriched (10 per cent blood agar, placenta
agar, glucose agar, cte ) and some chemically deficient (Sohngen medium withaut
a source of carhon Corn meal agar) media were used

2 To test the mnfluence of various pH of the media nutrient agar adjusted to ot
55 and 8 5, and hulp medium with a pH of 6 1 were used
3 To test the influence of cherical factors which tnhibit growth of the micro

orgamisms examned Ile agar, telurit agar, and nutrient agar with 05 per cent
oleic acid were used
4 To test the action nf antibiotics experiments with penicillin terramyain and
chloromycetin were instituted The paper disc method (Whatman No 2 filter
paper diameter of 65 mm) was used The concentrations were as desceribed by
Schaub & Foley (1952) For comparison pemicillin was alse incorporated 1nto
the medium (blood agar) 1 a concentration of 05 unit/ml
To test the physical factors of growth physically deficient media were used
For this purpose ‘arious media Wwere dried for 12 24 and 48 hours at 37°C
and at room tempcrature thus making them too dry for optimal gronth or in
the cxtreme cases too dry for any macroscopically wisihle wrowth of these
microorganisms
6 To test the anacrobie growth conditions
A The plates were incubated 1n anaerabic jars m the presence or abscence of
CO2 After 5 davs of incubation the smears were made and the plates were
tncubated for the next 5 days under the same conditions Two or three hours of
growth at room temperature under acrobic conditions elapsed between the
anacrobic mcubation periods of 5 days
B Inoculations were made under the surface of sohd and semisolid media

K

Besides being 1noculated on and into these solid and semisolid media both
stramns were noculated inte some fluid media (infuston broth nfusion hroth
enriched with a fow drops of scrum  aseites or blood Brewer thioglycollate me
dwm) ncubated at the temperatures mentioned above nnd examined at the same
time 1ntervals macrosce pically and microscopically

The survinal time of both strains at 37° C and at rcom temperature was deter
ramned by prolonged sncubation {up to one month at 37° € up to 6 mcnths at room
hick 10 per cent blood agar plates Tvery day of the first weeh
subcultures from each of the two temycratures were
ohscrved for 72 hours befcre beiny discarded as ne

temperature) on t
subsequently every third day
made The subenltures were

R tony «f cach mor
<periments were carried out as follows 1\ 48 hour colony

hAT;:::;lct:!‘rm ot the two strains was suspcnded an 05 ml af infusion broth and

phe \raperitoneally into three guinca pigs and three mice One

ymmediately 1njected 10
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B Microscopsc prcfure As regards the moculum tahen dunng the
loganithmic phase of growh at room temperature, the changes w leaglh
were seen atready during the fiest hours of growth, but the cells became
only shightly wider (Fig 3,1) Growth m fength continued during the
nest hours of incubation After the first 12 hours of incubation the poly-
morphism began to be apparent also 1n width The long fitaments of
stram I swelled i the middle but remained threadhke and tapered
towards both enés (Fig 5) In strmn P the form of the swellings was
more iregular (Fig 6) The fusiform central and paracentral swethings
(charactenstic of stramn H) and terminal and paratermnal swelhngs
{charactenistic of stran BY tontinued to gron withun the followang 24
hours of yncubation at 37° C By the end of tius time the lenpih of many

Glaments measured up to 50 4 or above After protonged meubation at
37° C (for three days), many poorly stained Jarge filaments with arre
galar outlmes were found

As regasds the mocutum taken from cultures growing at 37° ¢, no
essential changes were seen in 24 or 48 hours subcultures growing at
the same temperatures

Corresponding changes were obsersed if the culivres were not trans
ferred (o a fresh medium but onlt the temperature of incubation was
changed If the cells were still young when the incubation temperature
was raised ot lowered, they changed 1 2118 hours In cultures more
than 24 hours old the changes occurred more siowly and were never
complete Many ghost like cells remamed after the transfer to room
temperature 1n culfures which had been grown at 37° C for a longer
tme The intersal in which the changes might still oceur shoriened if
e media were dricd up

Obsertations were simufar m the third group of experiments

3 Temperature-Resistent Colonses

Under the conditions deseribed aboye the changes were reversihle and
m aceardance with the meubahion temperature during two years of
(‘\x,]mnml'n\d\ work The only exeeplions were some secondary cojonies
which proved to b temperature resistent Thew developed during the
ulu;:\:l m—]ﬂ. of wncubation on and hetween the ordinary colonies grown
lll.. "4 rl;)“‘nhl:\\c;(::‘uc)omvs tocer and short baeilth pres ufed i spite of
) 4 7 These secondary enlopies Teined thewr maorpho
opreal features ko during several subcultiyations at 37° ¢ Only grad
uilly tspueal Jong cells began fo appear w the subcultures of these
:U)unu\ }\ tun three weeky sane of them complefely reverted to the
lx‘,l(:::\l ;‘:::,?;cs|“hldl] ¢ehanged thewr mueroscapical fort with the weu-
oo mll :Tr:;:nh: olimr colanies the reversion took a longer time
wenr fn-\md ) M0 permanent femperature resistent colonres

W3 oacravany 57 2
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Fig1é6
Gram stain Maguification X ca 1000
Fig 1 Stramn H growing at room temperature for 48 hours
Fig 2 Strain P growing at room tempcrature for 48 hours
3 Stramn H growing at 37° ¢ for 6 hours
Fig 4 Stran P growing at 37° € for 6 hours
5 Stramn H growing at 37° ¢ for 48 hours The swellings are fusiform They are
formed 1n the middle of the filaments
Fig 6 Strain P growing at 37° €. for 48 hours Note dubed cells (the enlargements
are formed at the ¢nd of the filaments)

9. Effect of Higher Incubation Temperature (37° C)

A Macroscopic picture The 24-hour-colonies of strain H were larger,
of strain P smaller, than the corresponding colonies of cach stramn
growing at room temperature In other respects they corresponded to
those incubated at room temperature
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8 The survnnal time for stran H at 37° € was about 3 weehs, for
strain P only 4 days At reom temperature, stramn H survined for 4-6
months, stramn P for 6-8 wecks After prolonged mcubation at room
temperatute (about 8 weehs), stram P could no longer be subcultured
directly to 37° C However, this was success{ully carried out after an
imtermediate subcultnation at room temperature

@ Ammal expersments Microorgamisms were found 1n smears and i
cultures from the sacrified ammals In smears, no changes n the form
of the injected mrcroorganisms were found except in ammals which had
recerved small coceord forms from the cultures grown at room tempera
ture Many medwum sized, fusiform bacilly, less than half as long as
those grown on sohd media at 37° C for the same penod, were {ound i
the smears tahen from the peritoneum and from the nternal organs of
the anumals, especally from the ones, sacrificed 48 hours after the
wtraperitoneal injection

Microorgamisms cultinated after the passage through the experimental

ammals grew 1n their ordinary forms according to the temperature of
incubation to which thev were exposed

DISCLSSION

The fictors giung rise fo the development of the abnormal forms
are worth mvestigating since they may also throw light on the still
much discussed problem of the regeneration cyele \arious buzarre
forms were considered to be due either to degeneration or to mvolution
of bacterta, or to represent stages i the regeneration cycle {Esenstarh
el af 1900) Sebsequent insestigation showed that 1n some cases these
phenomena were effected by some adverse factor (Tlasne 1949) In our
esperiments changes m size and shape of Bacterim amtratum exam-
wed were found to be related to the incubation temperature Gross
changes m size sesulted from the dissoctation of division from grawth
by the incubalion temperature of 37° €, diision beng mhihted while
growth shll continwed The dependence on temperature of cell growth

of these microorganism:
e Bantsms s evidently dilferent from that of cell repro

The ability of growth to contin
ue varies at different incubation tem-
e mu.:rc: Sustable shufts, either to a higher or to a lower lemperature,
. ronth This inhibitien of growth s
[ the extreme cases, 16, 1f division

ne change in size 1 obsersed N
LLTRY I Ny No
usttorm shapes are found when the cells are cultnated m anaerobic

® Supposition that texic agents cl;cralc to

distort the cell morphotogy, added many thibitory substances to basal

n
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4 Mrcroorganisms which Were more Sensitiwe to the Influence of
Higher Incubation Temperalures than the Ordinary Ones

In contrast to the temperature-resisfent colonies deseribed above,
some were found which were more scnsitise to temperature than the
ordinary oncs These colonies appeared, as a rule, during the second
day of mncubation at 37° C, hetween the normal colomes They were
small (about 0 20 mm n diameter), grey, transparent, and composed
of long fusiform, frequently distorted and poorly stamned, filaments
These microcolonies did not cnlarge during the next days of incubation
at 37° C nor at room temperature It was difficult to obtain subcultures
from these colonies even 1f the media were enriched with serum of
ascites The subcultivation was successful only 1f the eells were not too
deformed and sull viable In this case the subcultures hehaved as nor-
mal ones Normal colonies and microcolonies could agamn be obtained
from them

5 Growth tn Phnd Media

Quick and 1y pical changes from small coccoids to long fusiform cells
occurred only on the surface of solid and semusohid meda In flud
media the changes were not typical, except mn the surface rng, espe
cially when this ramained 1solated on the mner side of the glass tube
after cvaporation of water during a prolongcd meubation period at
37°C

6 Staining by the Gram and Cenlgen’s Techmque

Stamed by the Gram mcthod all coceord and bacillary forms of both
strains growing al the cxperimental temperatures mentioned above
were uniformly Gram-negatnve The enlarged parts of the filaments
showed a tendency to retain the volet stain The swelhngs m younger
filaments were umformly Gram-positine In the older filaments, and
cspeeially 1n their swellings, round and oval Gram-positive structures
1n otherwise Gram negatue stroma were found

Stmincd by the Feulgen’s method many Feulgen-positive uniform
granules were obsersed n long filaments, espectally their swellings

7 Lffect of Factors other than Temperature on Size and Shape of
Bactermum Antlratum

The results obtaned could be summarized as follows

A Physically and chemucally deficient or adverse media present
typical, by temperafure mnduced, changes

B Acrobiosis 1s an ndispensable condition 1n order that the tempe-
rature may act n the described way

¢ In strain P long and fusiform cells can be produced also at room
temperature under the mfluence of pemcilhin, and, to a mnor dugree,

under the nfluence of low pH (5 8)
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perature under the conditions desertbed The anly exceptions were such
secontary colonies as proved to be {emporaniy resistent to the tempe-
rature of 37° €

In the development of thise secondary colomes, an eny ronmentaliy

condibioned selechon of mutants ¢s evudent Ressstunt cells were grown
through several generations with therr distimetine character of hological
hehaviour, 1 e, they could dinde at 37° C as they thd at room tempera-
ture, Thus type of changes 1s hentable, and as a rule, stable Howaever,
they can Tevert sn the case of reverse mutations Appropriate conthihions
can m such cases reselcet the ongmal stram

The results of fhe antmal cxpernnents are supposed 1o be m accord-

ance with the 1 vitro experiences and, on the other hand, with the way
of growth of the strmns described m fimd media

The felation hetween these forms and the stages of 1. (ype of growth
<hould also be mentioned L forms were discorsesed fust by Khene-
berger-Nobel (1935), and represent a speeifte, plastie, and pteomorphie
but stable form of growth {For further information the reader 1s re-
fesred lo the extensne reviews by Kheneberger-Nobel (1951), Dienes
11931), anit Trlasne 11991} According Yo Klieneberger-Nobel 1pevsonal
communication), the deserihed forms can he regarded as transitional
forms

L forms display a specinl morphologs of the colomes The above
deseribed coforues of abnormally sensitive mieroorganisms correspond
to the L Gape of colones, bewng small, slow growing, and late 1n appear-
ence Fried egg like colonies were not found between the above de-
«crihed mucracolonies However, 1t has been shown recentls that the
tsmeal L colony appearence depends on the physical copdibions of
media used (Landman 195%)

The large forms obserned w the descmbed stratns of Baciemum am-
trtum arc not raterpreted as being due to some degeneration or nvola-
tion phenomena nor 1o a regeneration cycle but simpdy to the bloched
dawinn in the contiausly growsag hacterial cell Non divading cells
i::;:‘l:l'g‘f‘l:l ""dl""’g"" similazly ta the colls of Tetrabymena pynformis
The fmal ‘h‘I T::‘\nvnml!ml heat shoeks (Sch thaumt & Zeuthen 1934)
howerer, are mu;;";“ ",‘ compared with those in fhe primary cultures,
m n[orlt;li ‘\v\ﬂ:h)’l“" i pcterum andratun than Tetrahymena

A h cless, in their early stages, the late or never dnvading

m
moasters which develop under th, wileened of the deleterious tempe-
raturc are still reversible in hoth organisms

SUMMARY
Strikng changes 10 the size

demonstrated and found o b

and shape of Bacterium
e u s ¢ dehendent on tana -

amifratum are
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media and found that none of these conssstently produced abnormd
morphological forms

The difference m size obsersed between microorganisms growmg at
low and Iugh temperatures may be eaplamned in the ight of the above
considerations Mifferences i form need another explanation

When cross wall formation 1s umpaired, the cells begm to grow as
long nonseptate filaments The fusiform and otherwise enlarged shipes
are probably duc to the disturbance 1n the formation of a ngid cell wall
Weakened cell walls are then expanded by ncreased protoplasmatic
pressure, and, probably, also because of mmpaired osmotic regulation

The mechanism underlymg the weakening of the cell wall by hugh
incubation lemperature 1s not explamed It ramams unhnown whether
1t happens through the mterference of diamtnopnmehe acid which was
found 1n the cell walls of bacteria and 1s hnown to play an mmportant
rdle n the synthess of bacterial cell wall (Werbull 1958, Puzurra &8y
balshy 1959), or whether some other important cell wall constituent 18
mvohed

It scems surprising that the temperature of 37° € could act w0 adser-
sely on stram H which was 1solated repeatedly from the human hody
The blocking cffect on cell division of the tamperature of ordinary meu-
hation of pathogenic bacteria 1s understandable in the case of the con
tammant P which ts supposed to Ine freely m nature and to be adapted
to lower temperatures In accordance with this consideration s e
observation that the temperature which induced polymorphism 11 both
strains had a more deleterious action on strain P Its survival tune at
27° C was much shorter than the survinal time of strain H at the same
temperature  Also the maeroscopeal growth of stram P was much
poorer al 37° C than at room temperature These obsers ations seem to
ndicate the degeneratne naturc of the bizarre forms

1t 1s difficult to determine which phase of division was bloched by &
temperature of 37° C From the form of most filaments 1t mught be con-
cluded that the adverse action of temperature became (ffectine dunng
the stage of cross wall formation orfand during the cell splitting stage
The latter possibility scems to be indicated by the presence af some nol
completely segmented, Nlaments Nuclear growth and ity dnvaston appear
to be unimpaired This view 18 supported by many small Feulgen-posi-
tyve granules found in the filaments The here desertbod obseryations are
1 accordance with the view of Tulasne (1949) p1z that the large cells
contimuc normal functions of growth but have lost therr abihty to dnade,
and that the cytoplasmatic division 18 mhibited while nuclear division
continues

The changes from small coccowds to large filaments were direetly
pmpressed by the temperaturc of 37° € These changes were not hert-
able The acquired character was lost promptly after the cells were
grown o the absence of the inducing factor The changes Wcre revers:
ible at every subcnltination and at esery transfcr fo the suitable tem-
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Toxoplasma gondu multiplies 1n a wide vartety of cells From many
pomts of view the use of cell cultures appears to be a suitable and direct
method for stuties of host cell parasitc relationships Cerfan hissue
culture systems allow ohservations in high power microscopsy of living
infected host cells (1} Thus they are especially useful when morpho-
logical criteria are to be applied

By means of tissuc cultures sensitive and reprodueible methods for
quantitation of parasite growth may he obtamable In spite of an in-
creasing hiterature information 1s still needed e g regarding the effect
of the culture conditions on the growth of parasites The present report

gves examples of sariations n culture conditions affecting parasite
growth
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ture The dependence on temperature of cell growth in the strams de-
scribed 1s different from that of cell reproduction When besides dini-
sion also growth of the orgumsms 1s inlubited, no fusiform shapes are
found 1n spite of the, otherwrse tn the described way acting mcubalion
temperature

Associate factors and conditions necessary 1n order to obtmn typical
forms, have been studied Aecrobiosis and sufficient hunudity of the
medi1 used are important co factors necessary m order to gne nse to
the typical changes

During prolonged ncubation at 37° C, organisms, temporanly rest
stent to the adverse action of high temperature, develop They heep
their form and small dimension an spite of their growth at 37° C

For the temperature of 37° C more sensitive orgamsms of the same
strains are found Thev display 1 special morphology of their colonies

The relation between the above mentioned and the L forms of bac-
teria1s discussed
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Rate of Iiberation of 1nfective parasites fram hottle cultuTes infected with 36 X 100

parasites per hottle The hirations of infectious umis were vatried out lo tube

cultures and registered as TCID 4 and on egg membranes a5 Plague forming umits
PFU) The log concentration of infectious units 15 plotied against time

TABLE 1
Titration of Toxoplasma gondis tn Roller Tube Cultures
Logol \verage of daily microveoprc rea lings of fhe tihes on day
exu e - i —
Alutiany 18 9 1012
[ —— T4+ A AEE b4
— B G0 s R S S S
2 + + + + -
-1 - + - + +
1 — - — ha z
5 - - — — — —
Tontrup - —

|
1

Growth of Parasites 1n Botlle Cullures

Battle cultures wore moculated with parasites and meubated at 37° ¢
for 1 dave Samples were taken and the number of wiectne parasites
was detesmined v titration in tube cultures and on chorioallantore
membrancs of embryonated eggs Fuve hottle cullures with 10 ml of
culturc medim were used and each culture was moculated with 36
millions of parasites The fyret sample was drawn d\rr;u\ after th
mocuttion and the second after one hour Fig 1 shows the rz-sslrlf o}
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The mcdium was renewed cvery second or third day and the cultures were {1
lowed for sarving lengths of fime by daiv obhseryations 1n the microscope

Trlralions ta rotler tubes were parformed by mocutation of 10 fold diuti ns of
the parasite containmg flmd Fach dilution was inoculated mnto five tubes using 01
ml per tube Cellular chanpes 10 the tube cultures were recorded as -+ (indicating
any moarphological changes not obsarved in non mnoculated control cultures) ++
{degeneratie chances 1n approximatels 50 per cent of the sulture) and ++4 (the
majorsty of the cells showing pathological chan:t es)

Tty per cent anfectivaty doses (1¢1D,0) per ml were calewlated en resulls re
gistered on day 12 as the lughcst dilution which caused at Ieast + changes n halt
the number of 1noculated cultures

Titrations in bottle cullires wire carricd out by moculation of 10 fold dilutions
of parasite contmining fluid On¢ ml of each dilution was inoculated 1n two hottles
The hottles were carcfully rinsed after 3 hours at 37° € and the medium renewed
The number of clearly visible plaques appcaring in the el monclaser under Tiqut!
medium was counted The Tesult was piven an tissue culture plaque forming untts
per ml

When noculated Gepp chambers were used the intraccllular parasites were re
gistered in the following way using phase contrast microseopy  four groups of fine
cells cach—if not otherise stated—were selected at random i diffcrent parts ¢f
the culture The number of nfected and nonsnfected cells was counted and the
different stages 1n parasite growth were repistered

The parasite divides soon after the penctration of the ¢cll and subscquently the
two daughter parasites divide as wddl The parasites formed d» not scparate fr m
cach other before the host cell bursts but form a parasite (lone The different stages
from the single penctrating parasite to the deselopment of the large clane of
numerous ndinvaduals are casily distingwishable an the micrascope The registration
of the different stages was made tn terms of infeetive units (I1) One 1T may appedr
as one single parasite or any number of parasites 1 a clone dersved from the onc
parent parasite winch had penetrated the cell Thus were registred the number of
single parasifes te parasites that have penetrated but not v¢t divided paired para
sites after the first division cloncs containmg four to sixteen parasites clones with
mare than sixteen parasites and finally were recorded also the number of hast cells
which had bursted due to the parasite multiphcation The extracellular parasites
were counted 1 a hacmocytometer

Tttrations on egy membranes were perfoymed using 01 ml anocula and 10 fcld
dilution steps J ach dilution was oculated onte the artificialls dropped chorin
alfantoic membrancs of five embryonated eges which had been preincubated fir 12
davs The eggs were harvested 3 davs after the inoculatien The number of clearl
visible plaques was ccunted and the average number of plagues por mlwas calculate

I XPERIMENITS

[itration of Infectve Unils in Tube Cullures

Table 1 shows the rccorded rcadmgs of 1 titration The undiint
cxudate contuned one million parasites per ml With m ignifications of
about 160 fimcs the cellular changes in the tube culturcs caused by the
multiphieation of parisates appeared 1 the microscopc 18 unch irac
tertstic degencrations [hey were first distmguishable as d irh eylo
plasmic granulations Gradually scattered foer of complctily degenert
ing cells werc formed In some ¢ ises 1 complete destruction of the cell
culture followed Often however the degenerition of the culture came
to n standstill and did not procced further dunng the poriod of ob
yition Onls one per cent of counted parisitcs were recone red ™

ol

ser
[CIDso



203

begnen To some degree, howeser, it could be a result of the oceurrence
of multiple infected cells i e cells infected with more than one parasite
4 dircet proportionality was found between the concentration of in-
oculated parasites and the percentages of the number of 1U over the
number of cells obsersed

TABLE 2
A Comparison beiween Different Methods for Titratton of Infectis Parasiles
The Recotery of Infectious Units per 100 Inoculated Parasites

Method | Number of units
Fgg plaque forming umits 05 — 2
Tissue culture infectivity doses TCID,u 1 -2
Tissue culture plaque forming units 25 — 50
Infective umits m Gey chamber cultures It * 3 — 60

* See text

In Table 2 the results from differcnt experiments are collected The
number of parasites inoculated are compared with the number of in-
fectious unils when using different methods It seems that whereas 100
counted parasites represent onls about one plique forming unit on cgg
membranes and one TCID.w they are equisalent to 25 30 plaque forming
umts in cell cultures and to 39 1o 60 10

Persistent Infection

In the experiments with birations of Tovoplasma gondn n roller
tube cultures 1t seemed as if the degeneratine changes sometimes were
ihibited The optical conditions 1n roller tube cultures do not permat
fngh power microscopy and at was therefore attempted to study the

mhition  more closely using cultures 1n Gey chambers The cultures
were inoculated with different concentrations of parasites One group

of cultures recened a concentration of parasites resulting 1n infection
of the majonts of the cells To anather group

parasites was added and only 10
after three hours

The heavily infected cultures de
whereas cultures inoculated with th

a lower cancentration of
20 per cent of the cells were infected

generated totally within 4-5 daye
e lower concentrations of parasxl.cs

parasite multipheation and of mt

might explain wha the develo;
pment &

may b nbubited of degeneratine changes seemngly
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one such experiment In the figure mean values of log TCIDsa and of
log number per ml of plaques on ¢gg membranes arc plotted agunst
time 1 days

The methods for titration of parasites allowed demonstration of
approximately one per cent of counted moculated parasites One hour
after the moculation about 3 per cent infections umits remained 1n the
tissue culture flmd The following day only a few tnfectious umis were
demonstrable suspended n the fluid On the third day after the in
oculation multiphication and release of parasites mto the medm
occurred Howeser, the number of infectious units were less than one
tenth of the moculated amount During the following three days there
was obviously an equilibrium between the release of parasties mto the
medium and the loss of nfectivity of the free parasites On the fenth
day, when extended degencration on the cell sheet was observed, the
contents of infectious units n the flnd were very low The mactivahion
of parasites was thus not substituted any longer by parasite hiberation

A Comparison between Different Methods for Tutration of
Infectious Parasiles

Generally, when inoculation 1n eggs or roller tubes was used, about
one per cent only of the counted parasites were demonstrable as 1
fectious units Comparsons between ifferent test systems were there
fore earried out to sec how much the number of mfectious units found
was depending on the test system used for fitration

The mfeetinity of parasite suspenstons were titrated on a) roller tube
cultures, b) on cell monolayers of bottle cultures, ¢) on Gey chamber
cultures and d) on chorio-allantole membrane of eggs

Bottlc cultures with eell monolayer were moculated with dilutions of
4 parasite suspenston Plaques were visible 1n the monolayers on the
fourth day after the mnoculation when large nocula were used (10°
parasttes or more per culture) but the plagues were almost confluent
and could not be counted with accuracy After 12 dass of mcubition
plaques could be counted in cultures moculated with the more dituted
parasite suspensions Then the ratio hetween the number of inoculated
parasites and the number of plaque forming umts observed was 5 0-25
The plaques were 1-2 mm in diameter and werc visible even without
stamming with nentral red

The cell number in the Gey chamber cultures was estimated to be
2 X 10> to 5 X 10> per culture Parasites in concentritions varying
from 600,000 to 20,000 wcre noculated per culture and the number of
1U relatise to the number of cells observed was determined after one
day of incubation Three hundred cells in cach of the moculated cultures
were observed

Even with the highest conecntrations of parsites used all cells of the
cultures did not become mfected The reasons for this cannot as yet
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e gnen To some degree, howeser, 1t could be a result of the oceurrence
of multiple infected celis i e cells infected with more than one parasite
4 direct proporttonality was found between the concentration of n-
oculated parasites and the percentages of the number of 1U over the
number of cells observed

TABLE 2
U Comparison between Different Methods for Titration of Infectiwe Parasites
The Recavsry of Infections Units per 100 Inoculated Parasttes

Method Number of ymits

Fgg plaque forming units 05

— 2
Tissur eulture snfectnsty doses TCIDo t— 2
Tissue culture plaqee forming units 2 — 50
Infective unets 1n Gey chamber coitures 117 30 — 60
* See text

n Table 2 the results from different experiments are collected The
number of parasites woculated are compared with the number of in-
fectious units when using different methods 1t seems that whereas 100
counted parasites represent only about one plaque forming unit on egg
membranes and one TCID., they are equnalent to 25 30 plague forming
umits 10 cell cultures and to 30 to 60 IU

Persisten? Infection

In the experuments with titratons of Toxoplasma gondn mn roller
fube cultures 1t seemed as 1f the degencrative changes sometimes were
@ubited The optical conditions 1n rofler tube cultures do not permit
2:&: }pm\ﬂr mucroscaps and it was therefore attempted to study the
\\crc‘ ;l‘lﬂn more closely using cultures 1 Gey chambers The cultures
o ’nuclllnlcd with different concentrations of prasites One group

cultures recened a concentration of parasites rosutting in nfechion

;”L the majority of the cells Ta another group a lower concentrahion of
rasites was added and only 10 20 per cent of the cells were wfected
e three hours

“};l;l:fa:-:mlnll) wnfected cultures degenerated totally within 4-5 days
ot :1 ures oculated with the lower concentrations of parasites
!"lu:h)mumﬂmm‘m‘d for more than three months Tt secmed as 1f an
P "\;.1; abtamed hetween the frequencs of cell burst due o
—_——e ‘;l 1p) ;ta!lwn aml of mitoses of cefls m the cultures This
s b ,ghﬂ?"\;‘;\ he deselopment of degenerative changes seemingly
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Fig 3

Growth of Parasiles in Cells Cullivaled 1n Different Mcdia

HeLa cell cultures were grown for 48 hours m Gey chambers with 4
10 per cent human dye-test negatne serum The medium was thcn‘
changed to one of the followmg media  Hanhs' solution (A), Hanhs
solution with 05 per cent lactalbumin hydrolysate (B}, medium B
with addition of 1 per cent buman dye-test negative serum (C), medim
B with addition of 10 per cent serum (D), and finally mcdinm B to
Jeh 20 per cent serum was added (I2) Sach medmm was used on
and three series of experiments were carried out

After mocuiation of cultures with 120,000 parasites per culture the
number of intracellular parasites and of clones of parasites were
counted daily and recorded as the number of 1U By the registration

wh
four cultures
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Figs 2-5
The rate of multiphcation of intracellular parasites sn cultures with different media
The number of infective units (IU) cf text) at dufferent stages of
of development in 280 cells is plotied sgamst time 1o days

of the different stages of parasite multiplication 1t was attempted to
valuate whether the culture conditions snfluenced the growth of the
parasites

The results of the three scnes of experiments are summarized 1in
Fig 2 3 For cach Hype of medinm (A-13) used, a total of 210 cells were
observed I the cultures contamning medium A only a few cells re-
maned attiched to the glass after the second day They were granu-
lited and had fringed edges, and although many cells contaned para-
sites they could not be muntained long enough to allow oheervations
af parate growth In Fig 2 the results are registered when medium
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Growth of Parasites tn Cells Culltvated in Diffcrent Mcdia

Hela cell cultures were grown for 48 hours in Gey chambers with ¢
10 per cent human dye-test negative serum  The medium was than
changed to one of the following media Hanhs solution (A), Hanks
wolution with 05 per cent lactalbumin hydrolvsate (B), mediumn B
with addition of 1 per cent human dye-test negative serum (G, meduum
B with addition of 10 per cent serum (D), and finally medum B to
which 20 per cent serum was added (I2) Each medium was used on
four cultures and three series of (xpertments were carried out )

After moculation of cultures with 120,000 parasites per culture (h(‘
number of ntracellular parasites and of clones of parasites were
counted daly and reeorded as the number of 1U By the regrstration
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the development of infection in a group of control cultures treated with
normal serum

The number of cells m which infection was 1mtiated in presence of
antiserum was considerable smaller than the number of cells infected
in the control cultures When infection was established, howeser, 1t
proceedcd with the same rate of multiplication in both types of cul-
tures Finally an equiltbrium was reached hetween the destruction of
cells due to parasitization and the multiphication of uninfected cells

Growth of Parasttes wn Cullures of Different Cell numbers

Different dilutions of a HeLa cell suspension were used as sced for
Gy chambers After two days of incubation each culture was inoculated
with 200,000 parasites The cultures were observed daily, and the dif-
ferent stages of parasite multiplication werc registered The average
results of three such experiments are collected 1n Table 3 In cach ex-
perrment was also mcluded a group of 3 wecks old cultures treated as
mentioned abose

TABLE 3
Rate of Mulliplication of Toxroplasma gondu 1n Cultures with Different Cell \umbers

Time In days when 50 per cent of

Number of cells per the IL appeared in the form of

Number of cellsseeded  f ¢ld of ol servation at
time of inoeulation

! tais
| o ontaining bursted cells

1x 1 1 —
5 X 108 4
10 X 107 §
25 % 103 20
50 x 103 2>
s 150
“ See text
§ Three week old cultures were used

N ——————
JEREPRTPIN

t Spontaneous degeneratin of cullures occurred befare bursts were observed

In cultures prepared by weeding 25,000
3 wecks old dense cultures, it logk :1' S eezof,(l(}gr?}::;;;‘ :llxlc“:n‘{‘c‘c:?s
cells hursted while this happened already after 24 h h 0
culls had been used as a seed 4% hours when 5.000

ity per cent of the IU were recor
sites at 24 hours after the infection 1r‘::':‘p::iicnll:"l]fsolc'(:;:?x:nmi 4r-8rpm;?
sceded In the 3 week-old culture thy, stage was Tot £ ‘;m omeer,
before one weh after the inoculation cached, however,

DISCUSSION
A< Toxoplasma gondn 1s an ol
gate mtracelly).
culture tcchnique seems o he the most relesant r::zhp:]mmcllhc o
studics of the parasite host cell rdnhunxhlp Studies usx;;:\:;:o:;lc’lcr::m
orga-
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I} was used On day 0 the total number of parasites found ntracellular
ly three hours after the inoculation are recorded Multiple mfection, 1e
more than one parasite infeeting one cell, occurred quite frequently,
and the number of ntracellular parasites 1s therefore not u]cnhc'ﬂl
\'\nlh the number of infected cells Readmgs on day 1 showed that aboul
30 per cent of the intracellular parasites had undergone at least one
division On day 2 cell bursts due to parasite multiphication were ob
served and the mayority of parasites had divided On day 5 and even
more pronounced on day 7 an ncrease of single parasites was found
mdrcating nfection of cells with parasites produced m the culture On
day 10 finally fcwer infected cells were found and no single parasites
were obsersed

Repeatedly, addition of serumn to the medium was found to lower the
number of mtracellular parasites Fig 3 shows the results abtuned
when medium C was used In comparison with the results obtuned
with the serum frec medmum B only about half as many intraceilulir
parasites were counted at three hours after the inoculation Moreover,
the cycle of parasiie reproduction seemed to be generally delayed with
at least two days’ delay of cell bursts On the other hand a marked m-
crease 1n number of 1U was demonstrable on day 7, so that the average
number of 1U cxeeeded one per cell Agun, on diy 10 a drop wn the
number of IU occurred

Increase of serum concentration to 10 per cont (D) and to 20 per
cent (I2) resulted in a further retardation in parasite multipheation
(Figs 4and 5)

The Addihon of Specific Anltbodies to the Cultnre Medium

To observe the effeet of antibodies on an estibhshed nfection 2
group of eight infeeted cedl cultures was treated with antiserum-
accessory factor mixtures 24 hours after the moculation of the cultures
with the parasites To another group of cultures, serving as controls,
dye-test negatinve serum was added at the same trne The final concen-
tration of serum was 20 per cent

Antiscrum did not mhibit the multiplication of the already mtra
ccllular parasites In all cultures clones were formed and cell bursts
occurred at the same rate However, up to one week after the mnocula
tion a difference 1n the ratio between infceted and noninfected cells
could he found m the two groups Twicc as many cells ranauned un-
nfected 1 the antiserum treated cultures as i the cultures without
addition of antiscrum This quantititive differenee s appeared gradu-
ally during the next week At about 14 days after the moculation no
ifference was dsstinguishable

A group of cight cultures were pretreated with the mixture of anfi-
24 hours before the moculibion of the para-

serum and accessory factor
ction 1n these cullures was compared with

«ites and the progress of infe
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sites This meght be explamed by the shortness of the infersal between
the release of parasites from hursting, cells and the penetration of these
1 arasites nto new host cells and by the rate at which the extraceliular
parasites are mactinated

In the present report it was mentioned that plaques are formed also
under liqumd medimm 1e without any gar overlty and that the efln
clency of plating then seems to be of the same order of magmtude as
rejorted by Chaparas & Schlesinger (3) The fact that distinct plaques
are formed alsp on egg membranes ndicates as well that the snfecfion
of 2 cell populaton 15 delimuted to the cells penetrated by the inoculated
parasites and 15 spread gradually to the cells 1n close contact with the
pnmanly infected ones

Stumu i (4) has worhed with statwonary bottle cultures and found
that to get a good y1eld one tenth of the cells i a culture should be in
fected and that 1f mare cells were prunanly mnfected the yield of para
sites 1n the flurd inereased very hittle

Schuhova (5) described persistent nfections with toxoplasma of
HeLa cells m stationary cultures In the present experiments it was
found that 1f Jess than one half of the cells was infected primarily a
steady state could he estabhished with an equilibrium betucen the m
totic actinsty in the cell culture and eell destruction due to mnfection
‘This scems the reasen why in titration expersments (¢f Fig 1) only
htavdy anfected enMures are found to be destroyed completely while
cultares recening fewer parasites mav continue to contan only re
stncted areas of mfected cells In the present experiments it was found
that presence of antibods and accessory factor did not affect an estab
Tished infection 1n a cullure On the contrary a steady state identical
with the yust described persistent infection of a culture was established
Tht spread of parasites from cell to cell occurred obtiously without
antibody contact sufficient for the mactivation of the parasites

While certun observalions seem explunable by properties of the
1arites the fype of cullured cells wsed have alsa been reported to 1
fivence the rate of multiphicalion Cook & Jacobs {8) have reviewed
the blerature on growth of tovoplasma wm tssue eultyre They have
stuadeed parasite growth in different cell Iines cultured w roller tubes
and found that the rate of el degeneratron caused by the parasie
tarted with the cell type wsed but that the rate of penetrahion was i
dependent of the cell tvpe Hogan Yoneda & Zwergart (2) also found
ranations i the rate of mulbplication 1n different cell TIines as judged
from the rate of formatian of roseties and ©3sts We found that cu)
ll{ll;(“i of human embryonic hidney cells allowed faster mulliphication
of the 1arrdtes thin Hela cultures W hien cullures of the same age and

with ap proximately the same ¢
el number were compared thy
e
cell numi er secmed more 1o : e and

pertant for the rate of multipfication th
:l:‘t; 381 Ie of eellv usedd St u (1) gnes examples of ho\\pmc cell nu:’nn
and the age of cell cultures affect the number af parsstes released
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nisms, ¢ g mice or rabbits, wiil always be complicated by many factors
whieh ean be excluded 1in cell cultures Even in cell cultures many 1a-
rables are present, however They are principally connected with the
tissue culture method used, the type of host cells and the souree of
parasitcs It may be of intercst to reconsider the consequences of pre-
vious results (1) concerning the liberation of toxoplasma from the host
cells before the results from different cell culture methods are com-
pared It was found that the parasites, which were released through the
bursting of a host cell, were actively moving and rapdly, often within
few seconds, penetrated into neighbouring cells Whereas the pnminhy
infected host cells were infected with one or a few parasites these se-
condarily mfected eells were invaded by several parasites so that the
cy toplasma might become completely filled with parasites Jiach para-
site gave rise to a clone The bursting of the massively mnaded host
cells oceurred after very few divisions of the parasites Thus the num
ber of parasites produced n this secondary multipheation cycle was
relatively small If the culture was kept for longer pertods and new cells
were still available the infection pattern described for the secondarity
infeeted cells was repeated

1f the parasites dud not gam entrance into new cells very soon the
chance that they would get 1 at all was dimmished as they lost thair
motility Therefore, also very few parasites penetrated mto the cells
»f the cells were located on the upper side of a stationary culture Hogan,
Yoneda &Zwergart (2) who werked with Leighton cultures found that
the organisms scemed to spread i the immediate neighbourhood and
that cells which were remote from the original zone of infection re-
mained uninfected The results of Chaparas & Schlesinger (3), who
worked with a plaque counting technique, confirm the mmportance of
wedimentation for obtaming adsorption and penctration It was shown
that mcreased viscosity of the medium diminished the number of plaque
forming units absorbed n a eertan tume, while at was ereased by
centrifugation of the culture

As long as a sufficient nuinber of susceptible ccls was m the umme-
diate naghbourhood the newly hiberated parasites rapidly penetrated
into new cells and very few fective parasites remamned extracellularly
As the extracellular parasites soon become mactivated spread of mfecs
tion 1n the culture 15 whibited Subsequently the concentration of pira-
sites 1 the tissue culture mcdium remains low

When thesc observations are taken mto constderabion it seems pos-
oble to understand certamn cxpertmental results somowhat hetter
Schiestnger (3) have reported that they werd not able to
obtain a release nto the mecdium of morc than an average of two pird-
<ites per celi although the cells iming the plaques usually contamed &
large number of organisms In the present study the maximal concen-
tration of parasites rueased mteo the medium fhud of moculated bottle
cultures never exceeded one tenth of the moculated number of para-

Chaparas &
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The authar previously showed thal when ferrels had been nfected
with influenza As-virus, an infechon some months later with Dulch
2% Acirus of swing iufluenza virus could produce a substantial in-
erewe of the hacmagglntnabion mhinting (H1) Azantibedy hitve,
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and W was thesefore decwded to repeat the experiments with several
ammals i areder to learn 1f Dutch "56 A¢ or swine virus might be more
relaled to the As-strans than the other A-stramns are

Lxammed 1n the present ivestigation were also the helesologous
aniibody ree! between the Dutel 36 Av-fype and the A type isolated
{ram horses, a vecall observed by Wasurel & Vulder (18), and the fe-
¢l betneen A and B steans which was absersed by the author (5,7) ~
In anatlier study deseribod 1n the present paper ferrets were ¢ross

fected with a senies of A-stralns which were admimistered one after
auother at intersals of several months
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Cherning & Weller (7) and Shumizu (4) have shown the effect of
renewal of the tissue culture medium on the rate of multiplication as
measured by the number of parasites released It was also found (4)
that the serum content n the culture medium nfluenced the rate of
release of the parasites so that higher scrum concentration caused
faster releasc of parasites In the present work 1t was found that .
creased serum concentration slowed down the rate of multiplication of
the parasites It cannot be settled from these experiments m which way
the parasite growth was influenced by the culfure medium The serum
concentration of the medium might have influenced the growth and
general, metabolic actity of the cell cultures and consequently the
serum concentration might also affect the rate of multiplication of
parasites

The method of titrating infective parasite by registration of IU m
Gey chambers has been found to be as sensitine as determunation of
plaque formung units It guves resulls already on the day following
moculation and 1t allows not only an estimation of the number of
mfectious unts but also gives possibihities for direct determinations
of the rate of multiplication When working with this system 1t has been
found, however, that far going standardization of the cell cullures and
of the source of parasites 1s necessary to make full use of its potential
possibilities The method w1l be deseribed n detail in a followng report

SUMMARY

The infectixety of Tovoplasma gondit was assayed in different tissue
culture systems and embryonated eggs About one per cent of n-
oculated parasites could he damonstrated as mfectne parasites by
means of eggs or HeLa cell roller tube cultures Using a plaque tech-
nique or a method by which mfective parisites were demonstrated
directly as wtraccllular parasites 25 to 60 per cent of the moculated
parasiles were recovered Culture conditions such as the serum con-
centration, the presenee of antibody or the number of cells n the cul-
turc influenced the progress of mfection
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seen that the eross wfection frequently resulted 1 an {xtitre mcrease
Howeser, only with the Dutch *56 Ar-strams this increase was 4 fold or
greater, namely 1n the 5 amimals cross infected with AyNetherlands 36
56 1n 4 of the 5 animals cross mfected with AyDenmark/257 and n 1
of the 5 amimals cross infected with AvDenser/l/57 The Aehitre
maximum was reached earher than the biire mavimum to the cross
nfecting stran

In these litrations duch allantoic grown A--virus nstead of chick
allantoic grown had been employed in order to avoid any mfluence on
the titres by the antibody lo chick material (9) However, the titres
of the virus speaific antibodies were 50 high that this precaution act-
ually was unnecessary

Simtlar cross wfeclion experiments as the one above were petformed
on 2 ferrets with As/Japan 305 57 folloned by PR 8, on 2 ferrets with
AsSingapore/1/57 x A/F qui Prague/56, and on 2 ferrets with AaSimn-
gapord/1/37 x A/Fowl plague In none of these ammals 2s much as a 4-
fold anamnestic As-titre nise was provoked

2 Horse Influen.a ¥ irus Infeciing before or after Dutch ’56 Ar-strains

In this expennment A'FquiPrague 56 was given hefore or after dif-
ferent Duteh *56 A strains It s known to be no direct cross-inhubition
between these two types Infection took place by intranasal instillation
of chick allantose flurd The results are presented i Table 2 It 1s seen
that both sirus 1y pes are able fo provohe an anamnestic titre rise to the

other one, though 1 some of the ferrets the rise 1s small (less than
1 fold) or absent

TABLF 2
Titre Changes of the 1 Y Antibodies to the first
of two
Cross Infecting Veruses in 6 Ferrets Gu en the Horse Influenza Stramn Jquuul'mgluelas
before or ajter @ Duteh 56 4y strain The Ratios Are Shown see Table {
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Ferret crominfected aith | Darsbetucen the  The st ntos ani boty to the frst
| v moctiifom | Vernern the Virus 10 doys atter

thecross intect on ifol )

a0 fno-
culat ons {fo} by

.:LF;’;:::::S;QS’G and 306 4 10
Vptugr T e
Mooy e 2w ? !
Wmmen, e e '* ‘
WL, e ;
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first 1noculation and 10 20 and 30 davs after the second inoculatien In Scetion 4
usually one or two samples were drawn after cach inoculation —The animals were
inoculated by intranasal instillation of 1 ml of virus bearing chick allantoie flmd
(in a single experiment duek all fI ) Inoculations and heart punctures were usually
performed wWaithout ether anacsthesia because the mtensive smell of ether seemed
to be a greater nuisance to the amimals than the scnsation of the intranasal mstilla
tion of allantoic fluid, and of the quickly performed heart puncture

Haemagglutination intubilion (HI) test The sera were pretreated with cholera
filtrate (22) and absorbed with fowl red cells and the HI test performed as pre
viously deseribed (7,12,17)

Antibody absorplions were performed with concentrated virus suspensions and

) high speed centr 100 rding to a method described previous

13 (1)

RESUI TS
1 Cross-Infeehions with Az Iollowed by Differen! A-Strawmns

In the folloning expcriment the ferrets were first infected by intra-
nasal mnstillation of A2Japan/d305/57 LML, and later with another A-
strain All anmimals were infected with Az-sirus from the same batch of
chick allantoie flnd, stored at —65° C "The interval between the two
moculafions was 5-6 months Also the cross-infection took place by
mtranasal instillation of virus bearmg, chick allantore flwid The sera
were tested with Az2Japan/305/57 LFML and the cross infecting strun

concerned
TABIT 1

Titre Changes of the Haemagglulination Intubiting A» Antibodies
n 46 Cross Infected I errets

V- mnldy titre decrense before and increase after

Nambr
Infected with «cross infaction {f i)
v Japan 40057 F1ar | o438 "
Totlowed iy whaee Ferret \o
tuither or) fenions
2 s 1 5
1976 155 16,3 43 16 2 16 nc 4 nc
Waymel 14 12,3 6 2 42  8,ne 4 nme
Ma 160 12 nc 8 nc
Inota 155 8 2 12 ne 6 nc 4 nc nc nc
N1 154 32 2 24 2 16 2 6 2 4,nc
1enf3/50 W6 6 nc 3 me 2 me 2 ne
:;;;‘l‘rcc(/le#’y& 181 6 nc 3 ne 2.ne 2 nc ne¢,nc
Ay Netherlands/36/56 176 4 16 2 8 8 4 [ ] 3 4
AyfDenver/lo? 156 16 48 12 2 8 2 8 nc 8 ne
A:/Dnnmnrw2/57 178 s 16 3 16 6 12 6 6 6 nc

fter the

of the two values 1s the ratio between the titre on the 12th day a

;”r,sellx,r:?:clmn and the titre on the day of the cross infcction The sceond value 1s the

!;:t ratio between the titre 10 davs after and on the dav of the cross infection
nc means no change

Fable 1 shows the Az-antibody titre changes resulting from the cross-
1 In addibon the dechme of the A-antibody titres durning the
al prior to the cross nfeetion has been tibulated, showing
avy reduction took place during this torval s

mfectio
long tery
that regularly a he
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seen that the cross infection frequently resulted in an Az-titre mercase
However only with the Dutch 56 Ar-strains this increase Wis 4 fold or
grenter namely m the 5 amumals eross infected with Ai\etherlands 36/
56 m 4 of the 5 anymals cross mfccted with AyDenmark 207 and 1 1
of the 5 ammals cross infected with Ay/Denver/1o7 The A--hire
maumum was reached earher than the titre maumum to the cross
infecting straun

In these titrations duck allantoic grown A~-virus instead of chick
allantoic grown had been employed n order to mvoud ans influence on
the titres by the antibody to chick matenial (9) Howeser the ltres
of the virus specific antibodics were so lgh that this precaution aet
wlly was unnecessary

Similar cross nfection expertments as the one above were performed
on 2 ferrets with A_Japan300 57 followed by PR 8 on 2 ferrels with
A2Singayore/1/57 x A/FquiPrague a6 and on 2 ferrets with A5
gapore/l/a7 x A Fowl plague In none of these amimals as much as 14
fold anamnestic A~titre nise was provoked

9

Horse Influen~a Virus Infecting before or after Dulch a6 Ay strains

In this expertment ATqui Prague 06 was gnen before or after if
ferent Duteh w6 As strains 1t 1s known to be no direct cross mhibntion
between these two tepes Infection took place by mtranasal mstillatton
of chick adiantote flud The results are presented 1 Table 2 1t 1s seen
that both sirus ty pes are able 1o provoke an anamnestic titre rise to the

other one though i some of the ferrets the rise 15 small (less than
4 fald) or absent

Ttire Ch f th iy
¢ Changes of the Haemugglutinat on Ink bit ag 4,
g Antibod es ta the first of (w0
fross J:-’{,e:: :'g 1 llmxe! n6 Fertets Given the Horse Influenza Stramn A/Fq{z Isﬂmafudﬂ
€ or affer a Dutch 36 Ay stra n The Ratros Are Shown see Table 1

} Tare teerease
of a 0 T re increasc of
{ befirstyray antito 1y to il e first
hetween the irus 10 Jave afler

Eerret crosvintec ed wi [ Davs between 110
v
the crossnfect on fof by

W0 ingeulat ong.

wolte-
culations fo?
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:I:‘g:;‘l‘er:;:n:;loﬁ and @9 2 1
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Thus the Duleh *56 As-type has presented cross-reaction with A/Lqut
as well as with Az However, ferrets cross-infected with the latter two
viruses, namely 3 amimals with A2 X A/Equ and 2 with A/Equi X As,
faited to reveal any development of Dutch '56 Ag-antibody, neither was
there as much as a 4-fold, heterologous, anamnestic ncrease

When sera from the A/Equi X Ay/Denver ferret were absorbed with
AiNetherlands virus, a distinet reduction of the A/Lqu1 antibody titre
was recorded after the cross-infection, but not before, showng that the
cross-infection had given rise to antibodies of double (MEqui + A1)
specificity The heterotypic antibody ncrease provoked by the cross-
infection in this animal could therefore hardly be ascribed to any
cryptic contamination of the AyDenver virus with A/Cqui matenal —
An attempt to absorh A/llqui antibody 1n the first one of the two A/Equ
X AvDenmark ferrets, and in the AyDenmark X A/Equu ferret by
treatment with the same suspension of A/Netherlands virus as aboye,
failled That cross-reacting antibody could be demonstrated only ocea-
sionally, confirmed the wmpression that the relationship between the
two typcs must be a fairly distant one

3 TIhe B-Strawn Lee Infecting before or afler the A-Stratn PR-8

14 ferrets were given Lee followed Y, months later by PR-8 Both
PR-8 lines (the “cgg-line” and the “mouse-line”) were used 1 order
to reduce the possibilsty of faulty conclusions due to any contamnation
with influenza B-virus The punity of the two PR-8 inocula was checked
by inoculating eggs with the allantoie fluids incubated with serial di-
lutions of PR-8 conyalescent, heat mnctnated ferret serum As a pre-
caution a serum was used which had bheen received from another in-
stitute Only PR-8 was recovered from the eggs

TABLT 3
11itre Changes of the Haemagglutination Inhibiting Lee-Antibodies tn 1% Ferrets
Infected with the Influenza B Strawn Lee Followed by the Influenza 4 Strain PR 8
of which two Different Iines Were Fmployed The Ratios Are Shown see Table t

f e antibndy lire decrease before
and mnerease afier the PRS infection {fol 1
e followed by

1. 1
Infected \\‘.rlm‘ e e ‘ o e T
. 3 1
6% 3 2 6 ne 1 ne
PR 8 ege line dripped intranasalls
PR 8 egg Tine naturally transmutted 6 mne g ne nca ne  ne
ripped 1ntranasalls 32 3 ne ne
PR 8 mouse line dripp 23 3o 5 ne

PR 8 mouse line naturally transmitted

given the Lee-virus as infeeted duch allantoic

The 14 ferrels here ss-infoeted

intranasal instillation 8 of these ammals were cro
ill\‘l‘l(ll gi\‘S Iy ntranasal mstillation of nfected cluch allwtowe fluids
A
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The remammg 6 animals were hept together with their moculated cage
mates the whele tume, these 6 anunals too became cross infected with
PR 8, as resenled by antibody deselopment Whelher hese 6 “naturally”
infected ferrets contracted the PR & infection through chick allantoe
particles or through virus particles which had grown 1 the moculated
eagemales, 1s unknown and hardly essentia)

Varous antigens were employed m the titrathon of the Lee antibody
content \irus harvested from mouse tungs was used 1o order to avoid
the actiwity of antibody to host material Heated einek allantere {lud
S3rus Wwas used 1 an attempt to detect any residual normal inhibiter
actinity, but fio such actisity was ohsened There was o goad agree-
ment belween the varous antigens as regards the tiire changes record-
ed, ouly twice out of 125 times as much as a 2-fold difference helwneen
ihe parsiiels was noted The results obtained with a mouse grown anh-
gen are presented 1n Table 3 Itis seen that in 2 ferrets a 4 fold, anam-
nestic Lee litre inerease has been produced Table 4 shows the titres
recorded w these two ammals A< regards the number of "days after
mfeclion with PR-8” m the socalled “naturally™ infected feriet, it was
arhitranly assumed that the ammal caught the mfection on the day
when the inoculated cagemates were dnpped, although 1t might as well

have happened a few days later — A serologic differcnee between the
1o hines of PR-8 3s noted

TABLY §
Heterofupie Anamnestic Antibady Tlre Increase in {wo Cross Infected Fertets
se¢ Taple 3
D Tt 2,
i oy ater Hacmagglulimation lababiion tires
with | way | Chiek Heated Mouse] TRS | P8
Lee | Pis (Rrown| chick  grown gz mouse
Ve [aromnter oo | Bnes | T
%0 10f the ferrets 0
30 <40 < <20 <20
infected with Lee fallow ed 11 S
by PR 8 cxgline 163 0 966 1920 s <%= <20
dripped intranasalls

180 280 120 <20 <20
173 o 720 1120 430 1280

320
183 20 240 320 249 1280 400
199 36 240 280 160 &40 320

infected wnih Lee followed 0

30 0 A0
\t; \"{Ihe ferrets 12 %zu :1<a':n éﬂn égg <;3
:') ;_cnu;wnhlc? follawed 164 0 180 280 240 <20 220
mouse ling a

Arsnemittrd naturalls ,1;‘1 '2?1 o “ed i o 2

200 % 480 960 630 640 2560

0,
nly 2 ferrets were given PR followed b3 Lee. the mterral was

10 months, and during this the PR-8 0 °
Y X 00
400, e 1 antibody titre fell from 2,000 t

animals received PR 8 by intranasal instll
at
of chick aMantoic lu, and ane of them Lee m the same way, t‘l‘l):



210

T 6> 6> 9¢ 1% TIGL L dunp
) 6> 6 9% 883 _ Tl 8T Sey
6> [ 6> 9 oL (Ad Tes/sogiueder™y  ggol g1 Sopy
3> a1 96 9g 88% WLt g
6> 6> 6> 81 9¢ GU/IL/PURLIIIN/TY 1961 €T soy,

6> 6> 6> 6> 42 9%, T 801 918 801 1901 €5 oy
> 6> n> 6> > 6> 1€ o oL S LRI D96 £1 Sepy
6> 6> 6> 6> 6> oL 44 198 T 434 0961 & Yaarp
6> 6> 6> 6> 6> 6> 6> [>2 9 9t 8 Ud 0961 61 g2y
6> 6> 6> 6> 6> 6> 6> 6> T oer 6461 tE ounr
6> 6> 6> 6> &> 6> 6> 6> 6> 6> LELPUIMSGSY 6461 01 dunp
O11 o\ 6L O\ Of1 o\ [FIEAN [H{SUAN 601 o5 QI oN 601 oN oI oy 7 GOL o\
pias | dwal | emef | i | aewel | Towed | W} | Bty ) WY | PASY Lowsop 4
wWigemaouy
oy [nsouy 1v;
1o cor b 7y spu oo, 1y 3 8 1id 9.61 2UTwy \ 1 350 uns nluase 1 Loy

snity eouanyut

et 1 oqrire FUpqIyuE uonLURHFLWAN Y Jo aany

H

uwLIp sLy

siduitsf 01 o1py

wigs eqf

SUIDILS SRALY b DIUONIfu] O $I1124 v yprar Pa)orfu] ssuL) S}alIa ] W0If Disg UO [SI]

S WiavyL

uoijiquyuf vonpuynibnutopy



217

$98 134 oL 801 81> 291 ¢ oungp
83 a1 &L 901 8> . BELEE Sop
6> 8Ly 7 801 81> T LLSAORMUdURY  Zgul T cupy
6> 918 (114 01 81> W6l s >y
6> 928 13 80t 81> DLOIPUINGA 1901 €3 oy
6> 209% 198 t0£z o8 1ol g3 Aepy
6> e 9¢ 114 6> 8L 196L € Avpy
8> 8> 1088 sU9F 91z 198 91z 929 81 201 Wbl T vy
91> 6> 98 801 6> 6> 6> 6> 6> 6> LIvE osGE ft aqry
81> 62> 98 809% 6> o> > 6 6> 6> 6561 1y aunp
81> 6> 6> 6> 6> 6> 6> 6> 6> 6> SSULAPURHIMIINY  Gol U2 oung
Il oN _ T ON I oN _ T ON LI oN L ogig ey ‘ e on g ey RSN
2091 | aaed | st | ey | G} | SASY | OBRSY | RLAY | HLSY | L9 S
u Bl up g0
oo « " Imudse 2 ¢ fue
1o oo 5y s unpaay Ty PRl sl Hepsarny stamy 1) s
— - u3iw Ay

WUt sagg ¢ run Bupi g iqup wpvRaEeuaTg Jo sarg

Uy s L



FrL 0> 6> 9%, 91z T961 L ounp
aL 6> 6 9€ 88T LTI 8T Sup
6> 6> 6> 98 oL INTILs/ot/ueder™ g6l 81 Supy
> ol 96 98 88% Wertr  ng
6> 6> o> 114 9e ILIIRAPURLIIGIN/TY  196] €7 voy

6> 6> 6> 6> oL 9 348 801 9L 801 1961 €7 sep
1> 6> > 6> > 6> i [ 14 (A4 TIRT 196 E1 el
6> 6> 6> 6> 6> 4] 7Ly 198 FrL 243 0961 7 el
6> 6> 6> > 6> 6> 6> 6> 98 9 8 Md 0961 61 M2
= 6> 6> 6> 6> 6> 6> 6> 6> T 483 GS6l §7  duup
"M 6> 6> 6> 6> 6> 6> 6> 6> 6> 6> LOLPWMGY  Gy61 01 Ounp
011 oN L o\ OIT oN [LISCAN 011 oy GOI o Of1 on 6L o\ 01T oy V 601 oy 7
jod2a | FEXTERY FEXFEe 19420 1 FEXPER JEXTER FEXTE FENEFY | B il powntognd
WL g
Gonepacat to)
JRLT (S : v NHua2 2 | un
e cgg undup ey [SBUE AN By (3] gud 9y uINg y R b ._a”...,”m_h,wa'_"_,u.:
wis
Bugde sipoquur Funqiuy uonvuynEELWA I Jo JNEL

SUIDL)Y SN} DIUINLJUL o $I1438 b YNAL PaIdJU] $50ID) $)IXIA WL PIIG U0 183y UONIQIYU] volDUmEEDWaD]]

¢ JIdVL



218

DISCUSSION

The results of the cross-mfection cxperunents deseribed 1n this and
two presious papers by the author (5,6) agree w ih those obtaned 1n
amilar experiments by Wasurel & Vulder (18), and 1 human sacci-
nationt experiments reported by Vulder (19) In all these imvestigations
the Dutch *36 A: stramns seem more capable than the other human A-
strains to provohe an anamnestic Aa-titre rise With the swine influenza
strain the results were less convinemg 1n thus respect, as none of the e
12 X swine virus ferrets in the present myestigation developed as much
as 1 4 fold, anamnestic A~tire nise Masurel & Vulder (18) found that
9 of 16 ferrets cross infected with Az followed by a Dulch "56 Ar-stran
presented at least a 4-fold, anamnestic Az-titre rise, while an Ag-stramn
from 1949 gave this rise1n 2 of § antmals, PR 8 1n none of 8, and swine
virus m 3 of 9 Vulder (19) found that the percentage frequency of
the remnforcement of recently developed As-antibody was 20 per cenl
due to Dutch *56 At vaceine, 8 per cent due to PR-8 vaceine, and 7 per
cent due to ssine virus vacaine It may be inferred from these different
myestigations that there 15 more \antigen (or A-lthe antigens) m
the Dutch 58 A: than m the other human A-stramns The apparently
closer relationship between the Duteh *56 Ay and the d2-vitus combined
with the fact that former was succeeded by the latter suggests that
this As-vtrus mav be the orgin of the Astype

A study of strain relabionstup based on helerologous recall n sera
from Az-patients 1s more difficult because of the mixed, partls un-
hnown antigenie experience (14, 18, 21)

As regards the complement fixing antihodies agamnst soluble antigens
thes were ot fested in the present investigation In another sindy (8)
parred sera from influenza B patients were tested with soluble A-antigen
and found to have a shight tendency to mcrease On the other hand
no fendeney of the B titres to increase was found 1 an analogous exa
minhion of mfluenza A patients

1In a recent anvestigation (7) the author demonstrated that a cross
wieehon wWith A~strains was able to merease the antibody titre to pre-
Vo i ehine infl ans B 1o «us In the present investi-
th the Ao-strain PR 8 was

months previously infect

g B straim Lee, 1n 2 of the 14 ferrets 1hus iner¢ase was very distinct
t4 fold) It has thus heen demonstrated that 4o o5 well as Ao rus are

ble of proveking an Anamnestic
antibody merease t
slruns which do not belong 1o the A h 3 influenza

-group The author sces no reason
\r\::‘\‘ 'lnlﬂl;I‘m‘illc HI mesenses between my vostrus strams hay g duffe.
soluble antigens should he confined to the str:
cxpenmmonts mentioned above °© siram studied n the
The cross mfietions deseribed §
n Section 4 of this paper frequentl:
sesulted 1n hugh Uired antibodies to stramns which had not h:cn cm)
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amimal transmtted the Lee-nfection to the other one In nonc of the
animals the cross-infection with Lee produced as much as a 2-fold PR 8
titre 1ncrease

4 Serial and Stmple Cross-Infeclions wilh Pre-Asian A-strains

The serial cross-infections were performed mainly to see 1f Az anh-
body might appear A positive result would throw hight on the existence
of pre-pandemic As-antibody observed n older people by Mulder &
Masurel (20) and confirmed by other workers (3,4) In the complement
fixation test with clementary bodies 1t had been found that mnfections
with pre-Asian strains could produce Az-antihody (13, 15)

The fcrrets were eross infected at comparatively long intervals (scve-
ral months) m order to mahe the experimental conditions analogous
to those found in spontancous, human infections Masurel & Mulder
(18) performed smmular experiments, except that the mtervals were
only 3 weeks Bartolomei Corst (2) cross-tmmunized mice None of
these workers were able to produece As-antibodies m this way The
attempts n the present investigation were also negative As a precau-
tion the sera were tested with duck allantore grown viruses n order
to exclude haemagglutination inhition by antibody to host matenal
Only A/Swine-15EM was not available as duck grown when needed
for the test, and was nstead employed as chick grown i the presence
of normal, cholera treated allantoic fluid which was known to neutra-
hze host specific antibodies (9) The results are shown n Table 5
It 1s scen that until the Azsinfection had taken place, no As-antibodies
had appeared Neither did the Az-antibody response to the Az-infection
seem to be accelerated, 1t was found n repeated titrations that the
As-titres of the 20 day-samples were higher than those of the 10-day-
samples

As resards the relationship between the pre-Asian strains, it was
noted that n ferret No 109 (though not mn No 110) swine virus fol-
lowed by PR-8 produced FM-1 antibody In ferrets No 111 and 112
Ay/Netherlands followed by FM-1 gnve antibodies to PR-8 and to swine
wirus The latter was detected only by means of the broadly reactnie
virus A/Swine-15 ME - None of the 4 ferrets deseloped antibody to hor-
se influenza virus Nerther did 5 ferrets fected with the horse virus
antibodies to any of the other strams mentioned aboyvc
al cxperiment two ferrels recenved T'M-1 followed by
A/Netherlands, and this cross-nfection produced high-titred antibodies
to swinc nfluenzy virus and to PR-8 The same phenomenon showed

1 A)Denver/1/57 after the TV 1 nfection A

two ferrets which received
ferret which recerved PR-8 followed by FM-1 presented after the cross-
infection antihody to swinc virus, and a ferret which had recensed FM-1

followed by PR 8 presented antihodies to swine virus and to AiNcther-
lands In none of the amimals As-antibody was detected The interval
infections was about half a year

developed
In an addition

between the
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IHarboe A ¢ Unpublished

Harboe 4 Borthne B & Berg K Antibody against normal egg material re
sulting from Influenza vacomation Acta path et microbiol scandinay
53 95 103 1961

Harboe A & Reenaas R ‘The course of antibody development to influenza Ag
stralns Framined in the haemagglutmation mhibttion test with virmses
of different sensitivity to homologous antibods Acta path et mictobiol
scandinay 36 266-272 1959

tlarboe A & Reenaas R Antibody erossabsorptions between mflucnza A~
strans Acla path et mucrobiol scandinav 48 133 139 1960

Harboe A Reensas R & Jun! k lofluenza Aa strains against A and Ay stramns

Iages 1 Anubod es to influenza viruses i £ Nagerd
b anybed n the scra of Nigerians J Hyg 55
1saaes : Glel“ll,:’ A “l&,rimlnwu € I Influenza A viruses Laboratory

stud es with special reference to Futope: by A
Tk gt apecial reference pean outhreak of 1950-1 Bull World
Umurell\ & Mulder J  Studies on the eontent of hacmagglutination inhibiting
:\r;'hl:r:zl],n;ari e )lngf]:u;zghuru! A n sera from people Iving 1a the

ands in 1927 1928 \erhandel
. S dem s ande! \edcrlands Inst Praevent Gen “o
1
"u e(:!;‘ (l:zrlx;r::‘unllgs;mn at the Boerhaave Course on Respiratory Virus Dis
ulder J & Masurel N Pre-cpidemic antib,

ods against 1957 stram of Asiatic
. lli’l’ll;‘—l;{ell;l:ﬂins serum of older people hiving in the \etherlands Lancet ©
rlwln“ i 1:,1.:;‘1‘:_}‘. A relationsh p between swine and Asian strains of
Yeen 4 ) ) :
a . . .

te
Zhdanoo v N & Stakhanova V3 A o1, w bl 4s
study of [2
o o et VL8 oot LTI
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ployed for the infections, and which showed httle or no cross-imhibition
by anlisera to cach of the infecting strams Howeser, Asantibodies
tever appeared as a result of such cross-infections, they appeared only
as a result of an Az-infection, and the latter produced no other anh-
bodies Horse influenza virus behaved an the same way  As regards hu-
man sera, Zhdanov (23) found no antibody to the laiter The findmgs
confirm that the As-strams belong to one antigenie grouping, the other
human A-stramms and swine mfluenza virus to another, while horse
influehza virus can he considered as a third (18) The appearance of
swine ifluenza antibody 1n ferrets cross-infected with Ap-strams fur-
nishes an explanation to the observation of this anhibody 1n some
sounger people (16)

SUMMARY

1 When groups of ferrcts which had been mfeeted with mfluenzt
Az-strams were cross-infected half a sear later with different other
A-strains, the Dutch °56 Air-strains produced a grealer anamneshic
Aex-titre rise than the other strains did

2 It was confirmed that 1n cross-infected ferrets Dutch °56 Aj and
lorse influenza virus could produce a great, anamnestic antibody -
creasc to each other After cross-mfection cross-absorbing antibody
could be demonstrated

3 Cross-infection with the A-stramn PR-8 produced a 1-fold, anamne-
<hic antihody mcrease to the B stram Lee m 2 of 14 ferrets which had
been mfected with Lee half a 3car before

4 A:and horsc influcnza antithodics farled to appear i ferrels whieh
had becen cross<infected with a cham of A-strams, which were admin-
stered at mtcrvals of several months between cach stramm - Swine
influenza antthody appeared after cross-infection with PR-8 and FM-1,
and also with FM-1 and Dutch *56 Ar-strams
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Cure B shows the mean reaction of 4 ammals sensitized wath tuber-
culwn C It 15 an example of a moderate positive acute reaction, which
npears completely within 24 hours
(]“Enlllll’\: c shu\\ls \hcbmc:m reaction of 4 Aumals sensitized with tuber-
culin C + TB wax It 55 an exampfe of a more accenfuated, acute
response The reacting shin area shows transient cvanosis After a
maxmurm at 3042 munutes the infiltration decreases slowly, disappear-
ing alter 48-60 hours This means that at 36 and 48 hours a shght
inhitration 18 stiil found Without a recording of the resetion in the
itersal hetween 60 mmutes and 36 hours 1t might be difficult to decide
the nature of this miliralion s the reaction 1 the intersal in question
however, shows a gradunl decline, the probable explanation 1s, that the
¥iLan after a rather strong acufe reaction needs more time to regam
normal status The 36—8 hour nfiltration seems 1o be a secondary
effect of the acute reaction a shght Arthus phenomenon, and does not
represent a delayed response This sypposttion 1s confirmed by a com-
panson with cune D
Curve D shows the mean reaction of 8 anwnals sensitized with heat
killed teberefe bacteria It 1s an example of a shght acute reaction
Toltowed by a rather strong delayed reaction The first part of the curve
looks Iike cumve A a moderafe acute reaction 1s seen with a maximum
2t 30 minutes, followed by a gradual decrease But at 6-12 hours the
mbittration grows conswderably, reaching another magumpm at 2448
hours After this the curve declines a shight infiltration still bemng found
at 156 hours Two maximum pertods of the reaction are clearly seen
They are separated by an aterval with only shight infiltration at 2-5
nours 3 duayed Wy persensitivaty was not present, a gradual return of
the shun to the normal state would be expected at this ime The new
nfultration, which arses after 6-12 hours, stinifies D hypersensitivity
These examples show the value of the stracufancous reaction 2s a
measure of D hypersensitisity, and especially as a method mahing
possible 1 separation beiweer delaged reactions and protracted acute
reactions The basis of ysing the method for this separation 1s a frequent
recording of the reaction during the whole response period
The acute cutaneous reactions ginve much nteresting mformation
abott the I hypersensitinily wdueed by the various antigen miztures
11 appears tht i some cases the tleum contraction techmique and the
Jm‘lo culancous reaction e divergent results This, how ever, 1s no
e o e, seon o e, e
by the reacting ssue, which 13 continuously influenced
g ofginism The ileum contraction expeniment, on the
Toninin 15 a recording of the anafylactie response of an lsolalc’d organ
By appiung the datter method the influence of several unknown e
cumstanees 1s dumnated as the varable factors and 1ndiyidual diffs
nees an the mtecaction between the orgnixm and the rcnclm( o
1t are out of the question It appers from the cutaneous
IS acrarsti 87 2

g skin
control
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ESTIMATION OF HYPERSFENSITIVITY

The I hypersensitinily was estunated on the basis of an tleum con
trachion technique The reactiaty was titrated with 10, 01, 001, 0001
cte mg of antigen, and the reactions were registrated directly on a
rotating exlinder The mntensity of the I hypersensttivaty, s, was  ex-
pressed 1n the following way 10

s = —log —
t

{ heing the smalflest active dose of antigen The tleum of ammals senst
tized with products of tubercle bacteria was tested with tuberculin C

Furthermore the I hypersensitinity was studied on the basis of the
acnte, intracutancous reachions

The D hypersensittinify was estimated on the basis of the delayed
response to mtracutancous antigen njection

The infracutancons reactions were carried out in the folloning way
Ammals sensitized wath products of tubercle hactera were all tested
with three sorts of tubereulin: (1) a heated, (NHi)-SOs-precipitated
tuberculin (81), (2) an unheated concentrate of Sauton’s midium,
tuberculin G, (deseribed above), and (3) a heated CCLCOOH preci-
mtated tuberculhin (48) The dose of antigen was always 0 01 mg The
cutancous reactions were studied after 1,2,5,10,20, 30,45, and 60
minutcs and after 2, 6,12, 24, 36, 48, 60, 72, 84,108, and 156 hours

The ntensity of the acule and delayed responses are 1 Table 1
mndicated as +, + +, + + + ete This rather crude graduation 1s made
on the basis of more claborate, diagrammatic registrations of cach
anmmal In g 1 some ty preal examples of cutancous reactions are seent

Curve A 15 o control showing the mean reaction of 10 nermnl ammals
It 1s expressnve of the pure tranmatic reaction to the mtracutancous

antigen wn)ection

LSRN S-S 5 N A P A T T
mmy 102030 45 60} 2 6 |12 24 35 48 60 72 6 108 !$6J
20

Tuberculin C

S,
X3
10

* N, o~

2 N\,
<
minutes lhours ™ssenn s
> ' AL R At T
2930 45 60| 2 6 |12 26 35 46 60 72 84 108 136,
Fig 1

Reactions of Guinea Pigs Sensjtized with Injections of Tuberculin
m(rr‘;fu?:lf::]:sulnnnc + TB Wax (C) and Heat killed Tuberele Bactera (D) (4
¢ &) Is a Control
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Curse B shows the mean reaction of 4 animals sensitized with tuber
culin © 1t 15 7 example of a moderate powtne acute reaction which
disappears completely within 24 hours

Cunve G shows the mean reaction of 4 animals sensitized wath tuber
culin C + TB wax It s an example of 2 more accentuated acute
response The reacting shin area shows {ransient cvanosis After a
maximum al 30-15 munutes the infiltration decreases slowly, disappear
1ng after 48-60 hours This means that at 36 and 48 hours a shght
infiltration 1s still found Without a recording of the reachion in the
interval between 60 mmnutes and 36 hours 1t might be ditficult to decide
{he nature of this mfiltration As the reaction in the mntervalin question,
however shows a gradual decline, the probable explanation 1s that the
shin nfter a rather strong acuie reaction meeds more time to regan
normal status The 36—18 hour mfiltration scems to be a secondary
effect of the acute rcaction, a slight Arthus phenomenon, and does not
represent a delayed respense This supposition 1s confirmed by a com
panson with cune D

Curve D shows the mean reaction of 8 apimals sensitized with heat
halled tubercle bactena It 1s an example of a shght acute reaction
followed by a rather strong delayed reaction The first part of the curve
looks lihe camve A 1 moderate acute reaction 1s seen with a maximum

at 30 minutes followed by a gradual decrease But at 6-12 hours the
mf Yired e o '

ho
at

Thev ate sejataied by an interval with only shght nfiliration at 2 o
hours 1f delaved hyvpersensitiaty was not present a gradual return of
the skin to the normal state would be cxpected at this time The new
nfltratson which arises alter 612 hours, signifies D hypersensitinaty

These eximples show the value of the intracutancous reaction as a
measurc of D hypersensitinty, and especially as a method making
possible a separation belween delayed reactions and protracted acute
reactions The basis of using the method for this separation 1s a frequent
reeording of the reaction during the whole response period

The acute cutancous reachions gwe much mteresting nformation
about the 1 hypersensttinity induced by the various antigen mixtures
It appears that i some cases the ileum contrachion techmique and the
acute cutancous reaction gue divergent results This howerer, 1s no
matter of surprise The acute cutaneous reaction 15 a h-nnsmn!, mntra
Mtal § rocess in a small a1ea of Lssye Wwhich 15 continuously m(l’ucnccd
by ke reacting orgainism The aleum contraction expertment on the

contrirs s 2 rccording of the anafylactic respons
¢ of an 150!
W appiang the latier methog th, v v Ea o

¢ mfluence of several unhnown
cir
:-lr:m‘lanu; 1 ehiminated as the variable factors and mdn dual differ-
1r::s1|ry1c { nlmlonchnn between the organism and the reacting skin
oul af the question It appears from the cutancous control
B actaraan 372
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ESTIMATION OF HYPI RSTNSITIVITY

The I hypersensifiily was ¢shimated on the basts of an tleum con-
traction technique The reactivity was titrated with 10, 01, 001, 0001
ctc mg of antigen, and the reactions were registrated directly on 2
rotating cylinder The mtensity of the I hypersensitivily, s, was ex-
pressed n the following way 10

S = — —
log ;

t bang the smallest active dose of antigen The ileum of animals sensi-
tized with products of tubercle bacteria was tested with tuberculin C

Furthermore the I hypersensitivity was studied on the basis of the
acute, mntracutancous reactions

‘Lhe D hypersensifunty was cstimated on the basis of the delayed
response to intracutancous antigen njection

The wntraculancous reaclions were carried out mn the following way
Animals sensitized with preducts of {ubercle bacteria were all tested
with three sorts of tuberculin. (1) a heated, (NH,)2SOs-precipitated
tuberculin (81), (2) an unhcated concentrate of Sauton’s medwim,
tuberculin C, (deseribed above), and (3) a heated CCI;COOH preci-
pitated tuberculin (48) The dose of antigen was always 001 mg The
cutancous reactions were studied after 1,2,5, 10,20, 80, 45, and 60
mnutes and after 2, 6,12, 24, 36, 48, 60, 72, 84, 108, and 156 hours

The mtensity of the acute and delayed responses are Table 1
mdicated as +, + +, + + + ete This rather crude graduahion 15 made
on the basis of more claborate, dingrammatic registrations of each
amimal In Fig 1 some ty preal examples of cutancous reactions are secn

Curve A 15 a control showing the mean reaction of 10 normal ammals
It 1s expressne of the pure traumatic reaction to the intracutl incous

antigen injection
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102030 45 60 12 24 36 48 60 72 & 108 156
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Fig 1

eactions of Guiner Pigs Sens
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Cune B shows the mean reactioft of 4 amimals sensihized with luhcl;
culin © 1t1s an example of a moderate positine acnte reaction, whicl
letely within 21 hours

lh‘g‘l;‘l.!‘(‘: ;:s s(:r:‘\l\l; ihc)mean reaction of 4 ammals sensitized with tuber
culm € + TB »ax It 1s an example of o more accentuated, acute
response ‘The Teachng shin area shows transient cianosis After a
mavumum at 30—15 mmutes the nfltration decreases slowly, disappear-
ing after 48 60 hours This means that at 36 and 48 hours a shght
nfiltration 15 still found Without 2 recording of the reaction mn the
inters 1l hetween 60 mimnutes and 36 hours 1t might be difficult to deaide
the nature of {his infiltration 4s the reaction 1n the intervalin question,
however, shows a gradual dechine, the probabie explanation 1s that the
shan after a rather strong acufe feaction needs more time to regsin
normal status The 3618 hour miiltration seems to be a secondary
effect of the acute reaction, a shght Arthus phenomenon, and does not
represent a delayed response This supposition 1s confirmed by a com-
panson with cunne D

Curve D shows the mean reaction of 8 ammals sensitized with heat
Lifled tubercle bacteria It 1s an example of a shght acuie reaction
followed by a rather strong delayed reaction The first part of the curve
loohs like eurse A 1 moderate acute reaction 1s seen with 2 maximum
at 30 minutes, followed by a gradual decrease But at 6-12 hours the
mfiltration grows considerably, rcaching another maximum at 24-18
hours After thus the curse declines, a shght infiltration still being found
at 156 hours Two maximum periods of the reaction are clearly seen
‘They are separated by an interval wath only shght infiliration at 2 5
hours II delayed hypersensitiaty was not present, a gradual return of
the shin to the normal state would be expected at this time The new
nfltration which anses afler 6-12 hours, signifies D hypersensituaty

These examples show the value of the intracutancous reaction as a
measure of D hypersensitiaty, and especially as 1 method mahling
possible a <separation between delayed reactions and protracted acute
reactions ‘The basis of using the method for this separation 15 a frequent
recording of the reiction during the whole response period

The acute culancous reaclions gune much iteresting nformation
about the 1 hypersensitivity mduced by the various antigen mixtures
It appears that 1n some cases the leum contrachion technique and the
acute cutancous retction give duergent results This, howeser, 1s no
matler of surprise The acule cutatieous Tenction 15 a Aransient, inira-
;";“"hl:‘"::?!l'ﬂ"g“g‘{:‘:']‘:[:“_l?hf tissue, which 1s conlinwously influenced

¢ 1leum contrachion experrment, on the

contrary, 1s 4 recording of the anafylactic response of an 1solated organ
By applung the latter method the wmftuence of several unknown cir-
cumstinces is chminaled, 1s the vanable factors and indisidual differ
tnees an the interaction hetween the orgamsm and the reacting skin
Rred e out of the question 1t appears from the cutancous control

15 actireamie 37 2
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TABIF 1
o of Anti,en mixtu 1 iquid le of 1
amn als (dose per anim ) medum | ‘apphe ATy | pee
16 heat killd TB NaCl mject + 035 +++
(10mg X ?) 09%
12 heat Lilled TB paraff mject ++ 350 ++4+++
(2mg X 2) al
12 delipidated TB \aCl mjeet ++ 125 4+
{10mg X 2) 09
8 delimdated TB nacall myect 44 100 444
(2mg X 2) al
16 dehipidated TB NaCl nject +4 295 44+
+ TB wax 09}
((10 mg+10mg) X 2)
8  delipidated TB NaCl inyect ++ 125 (4)
+ TB phosphatide 090,
{(10 mg+10mg) X 2)
8 tuberculin € NaCl mject + 200 0
(Gmg X 2) 09%
8  tuberculin C paraff inject +++ 125 0
(5mg X 2) all
3 tubercuhn € NaCl mject ++4+ 110
+ TB wax 09c%
({5 my+10mg) X 2)
8  tuberculn C NaCl nject + 125 44+
-+ heat lalled TB 09°%
((3mg+10mg) X 2)
8 delipidated TB implant + 125 0
+ TB wax
((10 mg+10mg) X 2)
8 delipidated TB - 1mplant + 100 0
+ 10 phosphatide
((10 mg+10mg) X 2)
8 tuberculin C implant 4 200 o
-+ TI wax
((5mg+10mg) X 2)
8 tuberculin C - mmplant 4+ 166 O
+ Th phosphatide
((5 mg+10mg) X 2}
8 TB wav mmplant 0 0 []
(10 mg X 2)
8 cge albumin Natl myeet +++ 275 0
(lmg X 2) 09%
8 egg albumun N\aCl mgect +4+4+++ 400 O
+ TR waz 09%
((1mg+10mg) X 2)
NaCl mject with ¢gr albumin
8 exg albumin 00t Jecl st 500 0

+ heat hilled TB
x 2} with tuberculin €
((1 mg+10mg) + bagreatn €
5 egg albumin implant ++ 600 O
<4 TB wax
(1 mg+10mg)
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reaction (curve A) that a constderable bhind value 15 msolved m the
acule ntracutancous response In ihis respect ihe ileum contraction
experrment 1s superior, as the ileum from a normal guinea g does not
react to antigen at all Furthermore, as the ileum reaction 1s recorded
directly by the reacting tissue iself, there 1s no possibility of subjective
measuring error For the reasons named above the estimation of 1
hypersensitisaty n the following discussion and conclusions 1s marnly
based upon the results of the ileum contraction experiments

Preliminary experiments showed that the small antigen doses used
for the intracutancous tests mught gne nse to 1 hypersensitivity mani-
festing atself 15 a posine iteum reactron Consequently amimals on
which an mntracutaneous test had been performed were not used for
ileum contraction experiments

In Table 1 the number of amimals used for each expeniment, and the
dose 1nd combination of the antigens or antigen mxtures are seen, and
the mean values of the I and D hypersensitivity induced are grnven

On the basis of the presented, expernimental evidence st 1s possible
to put forward the following considerations

W hole, heat killed tubercle bacterta m 09 per cent NaCl induce D
hyp naty, but no apr te 1 hy nity Paraffin ont
marhedly enhances the ahility of tubercle bactena to induce D hy per-
sensitivity, and also enables them to mduce 1 hypersensitisity

Deltprdated tubercle bacleria The ability of tubercle hacteria to m
duce D hypersensiinily 1s considerably reduced, when the lipds are
extracted, and at the same time the bacteria acquire the ability to
mduce Thypersensitinity The abihty of delipidated tubercle bactera fo
produce hypersensitnity is enhanced by the wax fraction, and this
effect apphes to the D Iype as well as to the I type The phosphatide
fraction deecs not affect the anbigenic effeet The ambity to induce I

b persensitinily 1s not enhanced hy paraffine eil, the D type 15 some
what intensified

with
naty

P
T “toapiu Sulvents inebidhing naraff o1

T Wb cuttanang eftect of )
vty actusty dpn '3 of prrafiim ol on Y hypersens:

= puratiin o) solitie Tipid Iraction, which
has been removed (rom the tubercle bacteria at the (]Cllpldi\h;)!\ arc\d
s probabiy 1 part of the wax fraction The wax fraction equally l;‘llen-

sifies Fand D by persensitity, and the T 0 1ot an € any
.
" ) experiments do not indicate an

he wax fract
1on and
1D v p ettt nd the development of
-,
cul

1%
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TABIF 1
o of At tlaen n ixtu i 1 Te ot
b dmein | ek | e Jeem] e
16 heat killed TB Na(l mject + 02 +++
(10mg X 2) 09%
12 heat killed TH paraff mycet + 356 4++++
(2mg X 2) ol
12 delipidated TB NaCl inject ++ 120 4
Omg X 2) 09%
8 delipidated TB paraff nject +4+ 100 -+
(2mg X 2) o1l
16 delipydated TB NaCl inject ++ 22 4++
+ TB wax 097
(10 mg+10 mg) X 2)
8 delypidated TB NaCl mject ++ 125  (+4)
+ TB phosphatide 09¢%
((10 mg+10 mg) X 2)
8 tuberculin © NaCl mycet + 200 0
(5mg X 2) 09%
8 tubereulin © paraff mject +++ 125 O
(GmgX2) ol
8 tuberculin € NaCl nject ++4+ 175 0
4 TB wax 09
((hmg-+10mg) X 2)
8 tubereulin C NaCl mject + 125 ++4++
+ heat killed TB 09%
((5mg-+10mg) X 2)
8 delipvdated TD wm] lant + 126 0
+ I'Bwax
(10 me+10 mg) X 2)
8 dehipidated TB - implant + 100 o0
+ 18 phosphatide
((10 mg+10mg) X 2)
8 tuberculin € mmplant + 200 o
4 TB wax
((5mg+10mg) X 2)
8 tubereulin € inplant 166 0
+ T3 phosphatide
({5 mg+10mg) X 2)
8 TB wax immplant 0 0 0
(10 mg X 2)
8  eug albummn Natl nyeet +++ 27 0
{1mg X 2) 89
8  egg albumn \aCl ngeet  +4++++ 100 0
+ IB wax 09
((1mg+10mg) X 2)
3 egg albuma NaCl ngeet with egg albumin
e e Wit taberculin €
(A mg+10mg + 050 +++
5 egg albumin mmplant 4+ + 600 0

L TB wax
(1 mg+10 mg)
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DISCUSSION

1t appears that the wax fraction of tuberele bacteria has an ability
to miensify the I hypersensitinty as well as the D hypersensitivity
The wax fraction scems merely to enhance the exishing abihity to induce
1 or D hypersensiiaty In these experiments there 1s no evidence that
the wax fraction could comey to any antigenic mixture the actual
alulity to induce D hypersensiiily  The activaty of the wax fraction
affeets both types of hyp naty and 1s pr bly an
wfluence on the antigemic effect stself The cffect of the antigen thus
(nhanced subsequently leads to a hypersensibinaty of the I type or the
D type, depending on other factors

As this seems to indicate that the hypersensitivity following an an-
tigenic aclinaty 1s mntensified by the wax fraction, 1t 1s remarkable that
whole tuberele bacteria do not, 1n spite of their wax content, mduce I
hypersensttiaty A companison hetween the antigenic effect of whole,
dehipidated, and paraffin oill-suspended tubercle bacter:a gues nise
to the suggestion that the ipids function as a “barrier” between the
soluble anbigens of the tubercle bactermum and its surroundings This
“burner” presents whole tuberele bactera from inducing I hypersen-
sitisits in spite of the enhancing influence of the wax fraction It

would seem reasonable to associate this effect with the ability to induce
D hypersensitinty also

To judge from the reported experiments it scems probable that the
Mnlity to induce D hyvpersensitinity 1s primarily connected with some
l'[;l;}l\\ i the bactenial body itself, and not with any single fraction

It appears that paraffin ol enhances the hypersensitiaty only
cases where the antigen mittures contan tuberculohpids Paraffin
oil can dissolve the wax component, “Pmho, which 15 1dentical with
was D (3, 13,14, 15,16) In a paraffin ol suspension of whole tubercle
bacteria, the ol phase will therefore contamn this achive component,
which, being dissolved 1n 2 Iarge, neutral medium, 15 subsequently
dispersed in the organism 1n the way charactenstic of paraffin o1l (7.';,
&M The wax fraction, which 15 thus widely distrsbuted and steadddy
diposited, will cruse a strong «nhancement of the antigenic cffect of
the tubercle bicteria contamed 1n the oll, this applies to the I type
as well as the D type (17, 18, 21, 29, 31, 47, 57, 60, 61, 78, 79) If ~|;1
c:|l has also cmulsified water drops an 1, con\al;\mg 'In‘!lge’n. this anhe
;.:l:"\'\lx;‘l l:‘kc’\\uc :lC_('[\urc A marhedly enhanced actinty The effect of
m "“< s “adjuvant” (2 +29,30, 31, 32,33) can probably be explained

s w1y The paetim ol does not exert any influcnce i stself, but

nierely acts
merely cts as 2 solvent for the tuberele harterial wos &+

caivu out At the same time, howeyer, its
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vey to tubercuhin the abihity to induce D hy persensitivity The 1 hyper-
sensitivaty 1s not intensified by the wax fraction or by whole, heat kalled
tubercle bacteria

These experiments do not ndicate any special connection between
the wax fraction and the D hypersensitivity The ability of tubereulin
to induce I hypersensitinaty 16 not intensifred by the paraffin ol From
this 1t appears that the effect of the antigen 15 not enhanced by the
paraffin ol atself, and consequently the mtensifying effect of paralfin
o1l on the antigeme property of whole tuberele bacteria can hardly
be connected with the water-soluble antigenic constituents As was
concluded from the experiments with delipidated tuberele bacteria, the
effect of paraffin o1l 1s more lihely to be related to the fuberculolpids

Implantation of various anfigen combinations Some experimental
evidence may suggest that the lipids of the tubercle bacterium function
as a “barrier” hetseen the soluble antigens of the bacterium and its
surroundings This appears nter alia from a comparison between the
almhty of whole and delipidated tubercle bacteria to induce I hyper-
sensttivity The contact belween antigen and tissues may be modified
by tlus “barrier”, wlich thus may be of importance to the rise of D
hypersensitinaty To mvestigate this possibility antigen combmnations
were formed an small pellets, which were mmplanted subcutancously
1 gumea pigs A speetal antigenie situation, characterized by a slow
passage of the antigen to tissue constantly influenced by the Iypd frac
tion, was probably brought about in this way

The 1mplantation experiments show that the shight ability of delipr-
dated tubercle bacteria to induce D hypersensttivity fades away, 1f the
bacteria are combmed with the way fraction 1n an mmplantate It 1s
nteresting to observe, that the ability to mduce I hypersensitivity 1s
retained under these conditions

Implantates consisting of tuberculin + wax or tubercubin + phos-
phatidc do not mduce D hypersensitinaly, but considering the poor re-
sorption of the mmplantates from the subcutancous tissue, a rather
strong I hypersensitivity may be said to be induced

Implantation of the wax fraction does not mduce any demonstrable
hypersensitivity

The protracted, sumultancous contact of hissue, hpid and antigen
appears to e of no ymportance to the aetiology of D hyperscnsitivity
The implantation experiments do not indicate any connection between
the wax fraction and the development of D hy persensitinty

Egg albunun wduces a strong I hypersensitinaty, which 1s markedly
enhanced by the wax fraction and by whole tubercle bacteriv These
antigen mixtures, however, do not induce D hypersensitnity to egg
albumin, nerther when grven as njection nor as implaniate
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DISCUSSION

It appears that the wax fraction of tubercle bacteria has an ability
to ntensify the I hypersensitiity as well as the D hyperscnsitisity
The wax fraction seems merely ta enhance the exsting ability to induce
I or D hypersensitivity In these expertments there 1s no evidence that
the wax fraction could comvey to any antigemie mixture the actual
ahility to induce D hypersensitists The actnaty of the wax fraction
affects both types of hypersensttivity and 18 presumably an enhancing
nfluence on the antigentc effect itself The effect of the antigen thus
«nhanced subsequently leads to a hypersensitivits of the I 1ype or the
D type, depending on other factors

As this secms to indicate that the hypersensitinaty following an an
tigenie actnaty 1s intenafied by the wax fraction, 1t 1s remarhable that
whele tuberele bacteria do not, in spite of their wax content, induce T
hypersensitivity A companson between the antigenie effect of whole,
deliprdated, and parffin o1l suspended tubercle bacteria gives rise
to the suggestion that the ipids function as a “barnier” between the
soluble antigens of the tuberelp bacterium and its surroundings This
*harnier” prevents whole tuberele bactena from inducing I hypersen-
sittats 1 spite of the enhanemg influence of the wax fraction It
would seem reasonable to assocsate this effect with the ability to induce
D hypersensitnity also

To judge from the reported experiments 1t scems probable that the
tbility to induce D hypersensitivity 15 primanly connected with some
:l;l';:ll\ n he bactersal body stself, and not with any single fraction

It appears that paraffin oil enhances the hypersensitinity only n
cases where the anligen mixtures contain tuberculolipids Paraffin
ol can dissolve the wax component, “Pmho”, wiich 15 denbical with
wax D (3,13, 14, 15, 16) In 2 paraffin o1l suspension of whole tubercle
Ietenn, the o1l phase will therefore contain this active component,
which, heing dissolved 1n a large, ncutral medim, 15 subscquently
:“")N'E:? :\n ‘h; orgamsm in the way charactenistic of paraffin ol (73,

¢ 1% fraction, which 15 thus widely distributed and steadily
deposted Will cause o strong enhancement of the antigeme effeet of
the Wuberele bactena contamed in the oil, this applies to the T type
ml\l\('ll s the D tape (17, 18, 24, 29, 33, 4’7. 917, 60, B1, 78, 79) If’l{m
o , 78,
o e e, ot arbgn s an
[ reunds *ndym nt” (37 -m] ';l(l" ;’: y )('nham:('d activity The effect of
s win The ]!'lraff-ln’(:ll‘(‘lm"; n'nal_l‘ “)l ans pl’;’lh'lhl} he explasned
mercly acts 15 2 solvent for the tuborele barieret e+ v

« vetiiu oul At the same time, however, 1ts
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vey to tubereulin the alhity to mduce D hypersensitivity The 1 hyper
sensitivity 1s not intensifred by the wax fraction or by whole, heat hilled
tuberele bacteria

These experiments do not indicate any special connection between
the wax fraction and the D hypersensitivity The ability of tuberculin
to induce T hy persensitivety 1s not intensified by the paraffin o1l From
tlns 1t appears that the cffect of the anligen 1s not cnhanced by the
paraffin o1l stself, and consequently the intensifying effect of paraffin
ol on the antigemic property of whole tuberele hacterta can hardly
be connected with the water-soluble antigemic constituents As was
concluded from the experiments with delipidated tubercle bacteria, the
effect of paraffin o1l 1s more lthels to be related to the tuberculolimds

Implantation of various anhgen combinalions Some experrmental
evidence may suggest that the ipids of the tuliercle bacterium function
as a “barrier” between the soluble antigens of the bacterium and 1ts
surroundings This appears wler alta from a comparison between the
ability of whole and dehypidated tubercle bacteria fo induce I hyper-
sensitivaty The contact between anbigen and tissues may be modified
by this “barner”, which thus may be of importance to the rise of D
Iy persensitinaty  ‘To imvestigate this possibility antigen combmations
were formed mn small pellets, which were implanted subcutancously
mn gmnea pigs A spectal anbigenie situation, charactenized by a slow
passage of the antigen to hissue constantly mfluenced by the Iypd frac-
tion, was probably brought about in this way

‘Lhe mplantation expermments show that the shght abitlity of delip-
dafed tuberele bacteria to mduce D hypersensitinity fades away, 1f the
bacteria are combmned with the wax fraction m an mmplantate It 15
interesting to observe, that the allity to induce I hypersenstbivaty 1s
retamed under these conditions

Implantates conssting of fuberculin + wax or tuberculn + phos
phatide do not nduce 1) hypersensitivaty, but considering the poor re
sorption of the umplantates from the subcutancous tissue, a rather
strong I hypersensitivaly may be said to be mduced

Implantation of the wax fraction does not mduce any demonstrable
hypersensitivity

The protracted, simultancous eontact of tissue, iprd and antigen
appears to be of no mmportance to the actiology of D hypersensiinaty
The mplantation (xpersments do nol indreate any connection hetween
the wax fraction ind the development of D hypersensitivaby

Lgg albumun mduces a strong I hypersensitinaty, which 15 markedly
enhanced by the wax fraction and by whole tubercle bactcrin These
antigen mnrtures, howerver, do not induce D hypersensibivaty fo egg
albummun, neither when gien as mjection nor as unplantate
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DISCUSSION

1t appears that the wax fraction of ubercle bacteria has an ability
to ntensiy the I hypersensitivity as well as the D hypersensitivity
The wax fraction scems merely to enftance the existing abihity o induce
I or D hypersensitivsty In these experiments there s no evidence that
the wax fraction could comvey to any antigemic mixture the actual
alnlity to mduce D hypersensitinity The actrty of the wax fraction
affects both types of hyp sity and 1s pr ably an
influence on the antigenmc effect stself The effect of the antigen thus
enhanced subscquently leads to a hypersensitinaty of the I type or the
D type, depenting on oiher factors

As this scems to indicate that the hypersensitiaty following an an-
tigenic activaty 1s mtensified by the wax fraction, 1t 1s remarkable that
whale tuberele bactera do not, in spite of their wax content, induce I
hupersensitivity A comparison between the antigenic cffect of whole,
delipidated, and paraffin oil suspended tubercle bacteria gives nise
to the suggestion that the hipids function as a “barrier * between the
soluble antigens of the tubercle bacterium and its surroundmgs This
“barner” prevents whole tubercle bactenia from mdueing I hypersen
sitnity 1 spite of the enharcing influence of the wax fraction It

would seem reasonable to associate this effect with the ability to induce
D hspersensitiity also

To judge from the reported experiments it seems probable that the
alibty 1o mduce D hypersensitinity 1s primanly connected with some
q;nhl) m the bacterial body itself, and not with any single fractron
H9)

It appears that paraffin ol enhances the hypersensitiaty only m
cases where {he antigen muxtures contain fuberculohpids Paraffin
ol ean dissolve the wax component, “Pmko*, which 15 identical with
wax D (3,1% 14, 15,16) In a paraffin o1l suspension of whole tubercie
bactena, the ol phase will therefore contam this actine component,
which, bemng dissalied 1n 2 large, neutral medum, 15 subsequently
dispersed in the orgwnism i the way characteristic of paraffin o1l (75,
80) The wax fraction, which s thus widely distributed and steadily
deposited, will cause a strong enhancement of the antigenie effect of
the tubercle bictern contuned m the al, this applies to the ¥ type
as well as the D type (17, 18, 24, 99, 31, 17, 57, 60, 61, 78, 79) If the
o1l has also emutsified water Agps Wk, kT h’!:\fﬁl“‘n. Tms ann
:‘,‘:u‘;‘.:l”\ll}.i;;::c\n:'tl‘l(‘:c ?mmnrkcdb enhanced actinity The effeet of

adgus wt” (27,29,30, 31, 32, ;
mths way The panl‘fn’: oill ('Ii:::lo'il oot ey b expinined

e Ty ot . exert any nfluence in sbenlf Bos
i
ar ' ‘

= - tulind out At the same lime, howeser, is
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xe3 1o tuberenlin the alnlity to induce D hypersensitaty The T hvper
sensitivaty 1 not intensafied by the wax fraction or by whole, heat llled
tubercle bacteria

These experiments do not indicate any <pecial connechon between
the wax fraction and the D hypersenaitimty The alblity of tuberenln
to induce 1 hypersensitinty 1 not intensified by the paraffin el From
this 1t appears that the effect of the antisen 1s not enhanced br the
paraffin o1l alself, and consequently the mlensifying effect of paraffin
o1l on 1the antigenic property of whole tubercle bactena can hardliv
be connecled wath the water-soluble antigenie constituents As was
concluded from the experiments with deliprdated fuberele bacterna the
effect of paraffin o1l 1s more Iikely to be related to the tuberculolipds

Implaniation of various aniigen combinations Some expenmt‘ninl
evidence mav suggest thal the hipids of the tubercle bacternum funchon
as a “barner’ betwcen the soluble anhigens of the bacterium and its
surroundings This appears wnfer alia from a comparicon hetween the
alihty of whole and delipedated tubercle bacteria to wnduce 1 hvper
<ensaitinvily The contact heiween antigen and fissues mav be modified
by this “barner”, which thus may be of imporiance to the rise of D
hyper<enaitinity To mveshigate this possibihiv antigen combhnalions
were formed i small pellets which were mmplanied <ubcutaneousls
In guinea mgs A special antigeme sitnation, characterized by 2 <lon
passage of the antigen to tissue constantly influcneed by the numd frac-
110m, was probably brought about in this wav

The implantation expernmenis show that the shght allily of delipt
dated tuberele bactera to induce D hvpersensiinaty fades anav, if the
bactena are comined wath the was fraction 1 an implaniate It
interesting to observe, that the alilits to induce I hypersenatnity s
retaned under these conditions

Implantates consisting of tubcrculin + wax or tuberculin + phos
phatide do not induce D hipersensitnats but considening the poor re-
sorption of the implantates from the subcutancous tisue a rather
strong I hypersensitiviiy mav be <ad to be induced

Implantation of the wax fraction does not induce an demonstrable
hypersensitiats

The protracted, simultancous contact of tissue hmd and antigen
appears to be of no mmportance 1o the actiology of D hvpersenaifiuty
‘The 1mplantation experiments do not indieate any connection between
the was fraction and the development of D hypersensitiaty

Eqg albunun mduces a strong I hepersensitinaty, whieh ¢ marhedly
enhanced by the wax fraction and by whole tubercle bacteria These
anbaen muxtures however, do not minduce D hrpersensitnaty to esg
albumin, neither when grun as njechion nor as implantate
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1t appears that the wax fraction of {ubercle bacteria has an ability
to wtensify the I hapersensitinity as well as the D hypersensitivity
The wax fraction seems merely to enhance the existing ability to mnduce
1 or D hypersensitinsty In these experiments there 1s no evidence that
the wax fraction could comvey to any antigenic mixture the actual
ahihity to induce D hypersensiinity  The actierty of the wax frachion
affects both types of hypersensitnity and 15 presumably an enhancing
influcnce on the antigenie effect stself The effect of the antigen thus
enhanced subsequently leads to a hypersensitisaty of the I type or the
D type, depending on other factors

As this seems to indeeate that the hypersensitinily foliowing an an-
tigenic activity 1s intensified by the wax fraction, 1t 15 remarhable that
whole tuberele bactena do not, in spite of their wax content, induce I
hipersensitnily A comparisen between the antigenie effect of whole,
delipidated, and paraffin ol suspended tubercle bacteria gnes rise
to the suggestion that the lipids function as a “barrier” between the
soluble antigens of the tubercle bacterum and ifs surroundings This
“barrier” prevents whole tuberefe bactenia from inducing I hypersen-
sitivits an spite of the enhaneing mfluence of the wax fraction It
would scem reasonable to associate thrs effcct with the allity to induce
D hypersensitinaty also

To judge from the reported experiments 1t seems probable that the
abibty to induce D hypersensitn ity 1s pnmarlt connected with some
q;x;)lll\ n the bacterial body itself, and not with any <ingle fraction
«

It appeirs that paraffin ol enhanees the hypersensitinaty only n
cases where the antigen mixtures eontam tuberculohiprds  Paraffin
oil e dissolie the wax component, “Pmko®, which 15 dentical with
was B {3 13,14,15,16) 1n a paraffin ol suspension of whole tubercle
bactera the ol phase will therefore contain this active component,
\;hwh bomg dissolved i a large, neutral medium, is subsequently
;“)"1'931’_‘“‘"‘ ‘"‘ ‘h; organism 1n the way characteristic of paraffin o1l (73,
d(']ln\lh'(;l \:I‘" ::‘cl:t‘nn, \\l)uch 15 thus widely distnibuted and steadily
e tub r‘l \ 2 strong enhancement of the antigemic effect of

crele bactena contained 1n the ol, this apphes to the I {3pe
a \‘\(II as the D type 417, 1%, 25,99, 31, 47 37,60 61 58 ~a1 16 4hn

. o e tenat au, 4L, 82
nthis way 'El\o [ tEm et o o e it

wafhin ol does not
exert any wfluence in itself, b
Merelt acts as a solvnt for the tuberelo hartar al e ne 1+ » but
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results are in good agreement with other studies of this topic As many
small, unrecorded, techmical differences may occur wn these rather
compheated experiments, an exhaustive discussion of the mterpretation
of the divergent results will be hardly worth while

In this study a special point 1s made of the concurrent recordings of
the T type as well as the D type of hypersensitinaty The overall result
of the examinations and constderations indicates that the actity of
the wax fraction can hardly be to convey to an accompanying antigen
the abiliy to induce D hypessensitinity As far as can be scen, the
wan fraction 1s of no importance for the iype of hypersensitinty, it
seems mercely to mtensify the hypersensitivity jnduced by the antigenie
potency already present Thas intensification applies to both types of
hypersensitiaty, the T type as well as the D type

SUMMARY

Antigen muntures of varied composition, contamning whole tuberele
bactcna, delipidated tubercle bactera, “purificd wax” or “crude phos-
phatide” of tubercle bacterta, tuberculin, egg albumin, or paraffin o1l
were mjecled or implanted subcutancously 1n guinea-pigs The purpose
was to gain some experimental evidence concerning the 1 and D types
of hypersensitinaty mduced by antigen mivtures contumng products
of tubercle bacteria A special point was made to assess the actiaty
of the wax fraction as regards the development of D hypersensitivaty
Conscquently concurrent recordmgs of the I type and the D type were
carried out

The results of the examnations and considerations are indicated

below

1) The wax fraction seems to be of no importance for the type of

hypersensitoaty
9) The wax fraction scems merely to ¢ rhance the enishing Aty to

induce I or D hy persensitinity

3) Lamd solvents, mcluding paraffin o1, cause an alteration m tu-
hercle bacteria, which renders them capable of inducing 1 hypersensi-
ity
4) At ddhipidation with neutral, organic solvents the ability of tu-
berele baetera to mduee D hy persensitivity decreases, but 1s preserved

5) In water-in-paraffin ol emulsions contuning tuberele bacterit in
the o1l phase (Freund s “adyuvant”), the paraffin ol does not exert mm
mfluence mn isddf bul merely acts as a solvent for the tuberele bacterinl
wax [raction, which possesses the actual ability to enhance hypersen-
sitnafy

6) It seems probablc that the ability to inducc D hypersensitivity

ts primarily connected with some quihty n the brcleral body itself,

and not wath any single fraction
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COMPARATIVE INVESTIGATIONS OF THE SENSITIVITY
OF N GONORRHOFAE TO PENICILLIN

By
Aurce RExy Micnaer WS Bentzoy and Hans FRicssoy

Recenved 18x 62

\any investigators have ohserved a deterioration i the results of
{he treatment of gonorrhoea with the pemcillin doses hitherto employcd
(2311 12 13 14 15 18 20) and several laboratorses {16 21 22 2o
27) have reported on strans of gonococcus less sensitine in viro 1o
anliboties and especially fo pemicilbn In addition  severa) workers
e demonsirated 2 [ositne correlahion beiwcen fanures of treatment
and wn vilro results In 1908 1t was ohserved by Reyn et al that the
number of less scnutnne strams was significantly greater among strains
sent mn with a tequest for sensitinity determinatian than amaeng those
recenved without such a fequest

Dunng recent years the ineidence of gonorriivea has increased in
mans countries (4 10 13 1o 18 19) and the merease has been most
marhed 1mong female teenagers (26 29) The comphication rate 1s still
of 1 considerabie size (10) In order o counteract the diffientties des
enbed 2t ove on 10th June 1960 a commuttee on the eullure and sensi
tinits determmation of gonocoees was established the imtiatrve for this
beng then by the Roval Swedish Heatth Service Within a short fime
the commitice was supplemented so that 1t comprised cight members®
fram four Scandinasian countnies Denmark Finland “Norwas and
Sweden In the following the results of comparative experiments per
formed 1 six Iboratories (designated as labs 1 6) are desersbed The
purpose of the experiments was amongst other things to agree upon 3

rcference method for determination of sensitis ity and also to work out
2 method suitable for routine examinations
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The reference method was intended for use m checking the local me-
theds and also for the “translation” of results of a diffusion method,
measured in mm diameter of inhibition zone to concentrations By de-
fimition, a dilution method should be chosen as the reference standarg
to which the other methods may be related. Furthermore, a method
suitable for current epidemiological inmicstigations was destrable for
surveillance of the situation with regard to the sensitivity of the gono-
coceal strains in eirculation.

TABLE 1

Results of Preliminary Tests Using the Plate Dilution Method
IC =150 per Cent Inhibitory Concentrations 1n ¢g per ml

Strain Orig Isolated Strept Sulph Tet, Chlaram

oy | " | Pemattnt | SEERD | Silone | chetme | phemien
Dr. Thapger’s stramns

Gel P~1 1958 021 <141 42 037 039

Gell r-5 1958 0053 168 36 037 <028

Ge 111 P-26 1955 0026 119 50 622 <028

GelV P-78 1960 071 > 2000 21 038 046

GeV P-83 1360 071 > 2000 60 088 03%

Dr Regn's strams

Ge Vi 11413 1940 00047 <141 <075 031 033
GeVIL 11421 1910 00054 28 2075 022 <028
GeVIII 12990 1960 >043 10 340 2177 131
Ge IX 17732 1940 00066 34 <075 02 028
Ge X 41826 1960 00066 2% 30 022 <028
NI Staph FDA 209 P 00079 168 180 paz 22
XII Sare Lut ATCC 9341 00042 10 30 053 078
Strams 1=V tested 1 lab 1 14/6 60 with I strept n, sulphathiazole

1

and tetracycline All str recenved from
Dr J D Thayer, V D R L, Chapel HIl},
N Carolina U S A

Stramns VI-\II tested 1n Iab 1 31/l 61 with streptomyvein sulphathiazole and tetra
cyelne

Stratns VI-XII tested in lab 1 26/8 60 with penieillin (except str X1 tested 12/1 61)

Strains I XII tested 1n lab 1 21/4 61 with chloramphenicol

*+ 110 ==06ug

MATERIAL AND METHODS

Frpertmental cultures a) 10 gonococcal stramns 5 of which were 1volated 1n the
Newssere dopartment of Statens Seruminstiint Copenhagen and 6 hy Dr James,
Thayer1, Chapel Hill, US A Previously all the strains had been cxamined by
both Thayer and Reyn who had cach used both their own technique and that of the
other? h) Stannylococcus aureus (FDA 209 Py ¢) Sarcina lutea (ATCC 9341 Cul
fures were 15 o3 hulized n one of the laboratories and tnwo amponles of each culiure
were sent to the other laboratories By means of the plate dilution method naturally
oceurring strains of gonococcus were so chosen that the variation 1 their sensitis 1y

to penicillin was as great as possible

1 Present address VD RL, USPHS, Communicable Disease Center itlanta 22

Georgia, US A
3 To be published (24).



in another paper

Plafe dilufion method The techarque was that previously desenibed
n biief by Reyn, Korner & Bealzon (21),1L1s at present routinely used
1n the Netsseria department of Statens Seruminstitut, Copenhagen Me-
dia 1n the present study both a common “standard medium” (S) and
a local “routine medium” (R} were employed Table 2 shows the com-
posttions of the two media It 1s seen that R differs only shghtly from
S, which contaned 1) about 83 per cent placental broth (produced in
the local laboratories according to a common recipe and with the same
hatch of bacto agar (Difeo) and of peptone (Orthana Special), 2) about
7 per cent defibninated or eilrated horse blood, obtained loeally, 3) 10
per cent sterile, Pooled horse serum delnered by one of the lahoratories
and 4} varying amoun(s of peniciiiin G (Leo)

TABLE 2
Composition of Media
T
A
Agar Broth Blood < fiing o
\ serum
Brant 1o, Source \'-al - Peptond . "
2 | yro,| o, [ Brond
Standard  Bacto 11 luman 03 02 10 Orthana 667 100§
medium placenta Special
Voutine media
Lab ¥ Japan 11 Ox heart 03 02 o0
2 667 100t
Lab 2 Japan 13 0% meat 03 02 10 Bacterial 85 71t
Peptone
(Walso
Lab 3 Japan 13 Ituman 03 0z 10 LOIAR 80 20t
ot B Pacenta
L apan 12 0% meat 03 02 10 Wte
667 330
Lab § Racto 08 Illmmr: 63 02 10 Orhans go 11 o:
rlacenta
Lab Davis 09 Combined [}
02 1
N\ew Zeal meat extracts ’ 73wt

Agar blood serum and ssaitic Nuid final percentages

N NaHPoy and
“ Defil finated or
§ Norse serum

t Ascitie ftaid

Teptone yperctniages in broth
citrated hs rse ¢r human blood
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The reference method was mtended for use m checking the loeal me-
thods and aiso for the * translation” of results of a diffuston method,
metsured in mm dsameter of inhibilion zone to concentrations By de
fratlion, a4 ditution method should be chosen as the reference standard
to wluch the otha methods may be related Taorthermore, a method
suttable for current (prdemiologieal msestigations was desirable for
surveillance of the situation with regard to the sensitnvsty of the gono
caceal sirains 1 circulation

TABIT 1

Resutlls of Preliminary Tests Using the Plate Dilution Method
ICqa=350 p r Cenf Inhibitory { oncenltrations in vg per ml

strai ari, ol ed s suipl T tiloram
e | | et o | e e | dan |
Dr Thayer s strains
Gel -1 1958 02 <14 12 037 0839
Gelt rs 1958 0053 168 36 037 <02
Ge 1l 26 1955 0026 110 50 022 <028
Ge 1V P78 1ace 071 > 2000 21 o8 (Y
Gel 283 1960 o7 > 2000 60 OR8 o3y
Dr Hepn s strains
GeVl 11414 1910 00047 <14 £07% &3 L
GeNll 11421 1940 00054 28 <0175 022 028
Ge VT 12990 1960 >043 40 pER 21T 131
Ge I\ 17792 1940 00066 34 £075 02 <D3
Ge \ 41826 1900 0 0066 24 30 032 <028
NI Staph EDA 209 00079 168 590 022 22
Al Sare Tut ATCC 8341 00042 0 Je 0353 873

Stramns [V testelin lab 1 146 60 with pemicillin streptomyen sulphathiazole
and tetracycline A1l st recened from
br 3 D Thaser v D R L Chapel H
N\ Carolina US A

Strains VI-\I[ tested fn Jab 1 31/1 61 with streptomyein sulphathiazole and tetra
cyhine

Strams VI \II tested in 1ab I 2¢/8 t0 with pemeaillin (except str XU tested 12/1 61}

Steains  I-\IJ tested an Jab 1 2174 01 with chleramphenico)

1 1U=06p4

MATERIAL AND MLTHODS

Ex ruentat cuifares w) 10 gonceaceal stramns 5 of which were i Jated the
Aesseria depurtm nt of Statens S ruminstiut (cpenhagen and b by Dr Jomes
5 Thapert (hagdd Bl US A Previcush all the strans had been ccamined by
both Thayer ad Regn sho had each used bith thewr cwn techmgut and My of he
other® by Stophnlococeus aureus (EDA 209 By ¢) Sarcina Tutea (NTCT 9341 Cul
tures were dyorihized in one of the laboratories and tw > ampoules of cach culll;;'c
sere sent to the other labcratories By means of the plate dilution mcthod naturaly
ocenrring strams of £ neenccus Nere o0 chosen that the yaration wn thetr senstteily

to peniclllin was as great as possible

3 Present address 3 DRI USPHS Communicable Disease Center Alanta 22

Georgaa US A
c'-:, To be published (24}
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pond to the dilution, which gives grow th degree 2, the correspending
penicillin concentration would be IC, Thus, diulions wnslead of con-
cenirations are used, and this means that large figures mean high sen-
sitnaty by both methods, large zones of inhibition being seen in sepst-
tve strans (N = 0,1, 2 etc corresponds to IC, = 1, 045,02y W0
per ml ) It must be erphasized that 2 does not mean 50 per cent of the
oniginal number of colonies, this gradation should merely serve as a
practical experimental method of reading

TABLF 3
Determination of IC,o by means of the Karber Method
Cryatalting Perucritin G0 002 to 21U 11 Plates

Plate nos \ Sum® 1 n 1 e 1 Tt ) Sum ] w ) us
1 0 <00014 < 00008 23 0074 004
1 00016 00010 2 0088 (553
2 000205 00013
3 060023 00014 7 25 0102 0063
1 00028 00017 2 012, 007>
27 0149 0089
2 5 0033 00020 28 0177 0106
6 00039 00023
7 00046 00028 8 29 021 0126
L] 00055 00033 30 02 0150
31 030 0178
3 9 00066 00032 32 035 021
10 00078 00047
1t 00093 00026 [ 33 042 025
12 oot 00066 3 950 930
3% 059 0.36
4 13 00131 00079 36 071 042
1§ 00156 00034
1 00186 ooz 10 37 084 050
16 0022 09133 38 100 060
39 119 071
5 17 0026 00153 1 141
:; 0 oa; 00188 o 088
003 0022 1 11 168
20 0084 6027 a2 200 :20
43 24 14
5 21 0053 0032
22 0063 0038 " 28 1
L I ' -
bealter  » . PR - s
Perimer o 1 . "
cadh 1y v . [ H a
RNevessa a v oap . " e )
should * " =t LI
The degrers of g= s ..
. . ) e ‘ : N . "
a .oy b
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Placental broth and preparaiion of plates Fresh, human placentac are freed from
the umbalical cords and the coverings “o antisepties should be added when trans
ported from the hespital to the Iaboratory The placentae are cut into pieces aund
rinsed m cold tap water After coarse chopping in a machine two htres of tap water
per kg 1s added and the myxture 1s stored overmght at about 4° C Next day the soup
1s borled for 15 minutes after which the placental tissuc 1s separated from the broth
The fellowiag mgredients are added 1 per cent Orthana peptone Speetal 03 per
cent thl and 0 2 per cent Na_HPOg 12 HaO The soup is hoiled again ruade alhaline
(pH 7 2), fdtered and measured 15 g Bacto agar 1s added per liter, after which the
broth 18 dispensed 1a flasks and autoclaved at 120° C for 20 minutes After auto
claviag pif wiii be about 72 Store 1o a cool place The placental brath agar 15 melted
ma “Merb:tlh at 86° C, 185 ml amounts are dispensed in small flasks and main
tained at 80° C 15 ml horse blood 15 added and the misture 15 stirred continuousty
weitst st bocomes choeolate brown, and 1s about to curdle (5 to 6 minutes) Because
of the small amounts used the heating time gnven here 1s shorter than usyal The
medivm 15 cooled to about 56° C and 25 ml sterile horse scrum preheated to 56° €
is added Finally, the varions doses of pemterllin are added (Sec below)

Pentciifin solvent NaglPOy, 2 H20 4 g, Nall2POg 2 H20 7 g, aqua destill ad
1 Iter Stershize by autoclaving for 20 minutes at 120" C 5 ml stertle sohvent 1s
added to an ampoule of pemallin G (I co) contamning 100 00D nternational upits
(IU}, resulting in a solutron with 20000 IU per ml From this solutions diluted
with the solvent fo contan 100, 10, and 1 IU (1 + 199 ~»1 4+ 9~ 14 3) are pre
pared and suiable amounts of these are added to the small flasks contarung the
medium so that final concentrations from between 0 002 and 2 1U per ml {1n 2 fold
steps} are obtained (90012 to 12 ug per ml) Immediately after the addition of
peoicillin 4 mm thick plates are poured If 225 ml medum 15 loo much half por
tions mas be used, but 1t 1s safer with an excess When stored 1n & refragerator the
plates can be kept for about a week but 1t is recommended that the experyments be
performed as quickly as possible after preparsng the plates Plates without anh
Dbiotics serve as controls and are used 1u the disc method

Inocufum The growth from 18-20 hours old plate cultures are suspended in broth
¢o contaln about 109 viahle units per ml The suspension 1s diluted 1+ 4 11 broth
using a 2 mm wire loop about 0003 ml of this suspension is spread on a1 2 ¢
sectar of a plate 6 stramns are noculated on each plate and sn order to minmize
the deleterous effect of suspension all mnoculations with one strain arc completed
before the next one 1s suspended The plates are incubated for ahout 24 hours at
36° C 1n an & per cent CO. atmosphere

Readings of resulls By comparison with the gronth on a control
plate without antinotic, the readings of the results are graded as fol
lows

Confluent gronth 4, confluent, but less dense than ¢ 3, granular
growth > 50 colones 2,1 to 50 colomics 1, no growth 0 By means
of this gradahion a symmetrical distmbution of the degrees ol gone
coceal growth 1s obtained, degrees 1 and 3 occurring with cqual fre
quency Conscquentls, degree 2 can be taken as the mid pomnt With
this presumption 1t 18 Justifinble to use the harher method? m calen
lating the mean mhibitory coneentration When a log scale for the
pemcilln dilutions (referred to 1IU) 1s cnployed, harber values are
obtained, which we have called here Ny, values These values corres
the Kacber method the reader 1s referred to Fanpey D J (1947)
p 39 Unmiversity Press Cambridge In that publication percentagfts
ot gxample survival percentages and the determsnation of 50 per

* - - wen the method 1s employed
ntages 0 27 50 75 and
ctor is constant (1n our
| the sum of pereentages

1 For details of
< probit Analyvsis
are dealt with

(sum of degeees) (lable 3)
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pond to the dilution, which gnes growth degree 2, the corresponding
pemeillin concentration would be IC,, Thus, diluftons instead of con-
ceniralions are used, and this means that large figures mean high sen-
<ttty by both methods, large zones of inhibition being seen n sensi-
tne strams (N = 0, 1, 2 etc corresponds to IC, = 1,0 5,025 1U
permt ) It must be emphasized that 2 does nol mean 50 per cent of the
onginal number of colomes this gradation should merely serve as a
practical experimental method of reading

TABLE 3

Deterpuination of ICs by means of the Karber Method
Crystalitne Pemeritin G 0002 to 21U 11 Plates

f1ate nox \ Sum* ‘ I ne Pate | sum l 1w ' pz
1 0 <00014 <0008 23 o074 004>
1 Toools om0 2 ooss 0063
2 000205 00012
3 ooz ool 7 3 o1 0063
i oo o7 6 012 0075
27 0 0089
2 5 0003 oo 8 017
. I
00038 5 2 om 0126
B Boss 0o TS 0150
31 030 0178
3 9 ooms oo
R 2 03 o2
00,6 9 3 owp 5
1 oot ooos 31 050 030
3 059 036
+o13 oot omm
Hoom R tH 082
o0z 1 37 o
6 oo 00133 H 040
5w om 3 119 011
ooems omss o o1a 085
15 oo oom
022 1
2 oy o Rt i
L YT 00 A 14
2 oo one + 28 17

s lTrh;|l‘:g:):-s-‘:f;:‘:::zl:’;;f:‘;‘t:lhde degrees of growth for all plates
be sltered accordingly 1f plates mnt-l.:-‘;:sr:rf-'mph"d he fable values shoula
periment {eg 48 etc U} the table y
:::h time lh:“;um is increased by £ 1

€s3ary to divide the unit vall . .
Shoald be @ivded Ty 4 and so op o T b

The degrees of growth on the

OUBeT he gt wih an tha o -t LI .
ther v T PP

requir . - .

oniy ¢, o .

conlra 4w . )
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Placental broth and pre
paration of plates Fresh, human placentae are freed from
l’)xelu;n?xhcnl cards and the coverings No antiseptics should he added when trans
5:7: “. rom ‘(I.xc hospital to the laboratory lIhe placentae are ent mto nieces and

e

1s

Th

PN -,

T - Uy, 12 H30 The soup 15 boled again, made alkaline
15 g Bacto agar 1s added per liter, after which the
1 autoclaved at 120°C for 20 munutes After auto

m & waterbath at 80° C, ’ xrl:lu:rf:llxx;d

taned at 80° C15 ml hor atinuously

:}1!&1 v - s about to curdle (5 to 6 minutes) Because

mcdu time given here 15 shorter than usual The

ur ml sterale horse serum preheated to 56°C

is added [Mnalfy, the various doses of penicallin ar dded low

DPeprcatlin solvent NazHPOy, 2 H20 4 g, )nll;POi,a2 (i'i‘ 0 (:;oz’b‘:qou:) destilt ad
1 Iter Sterilize by autoclaving for 20 minutes at 120° ¢ 5 mi <tenle sobeat 1s
added to an ampoulc of peniaallin G (Leo) coutaining 100 000 international usits
(IU), resulting 1n a solution with 20 600 IU per ml From this solutions diluted
with the solvint to contamn 100, 10, and 1 IU (14190 —1+ 9’—;1 + 9} are pre
pared, and switable amounts of these are added to the small flasks contaiming the
medium so that final cancentrations from between 0 002 and 2 10 per ml (on 2 fold
steps) are obfammed (00012 to 12 ug per ml) Immediately after the addttion of
peticillin 4 mm thick plates are poured If 225 ml medium 1s too much, halfl por
tions may be used, but 1t 1s safer with an excess When stored 1n a refrigerator the
plates can be hept for about a week but 1t 15 recommended that the experiments be
performed as quickly as possible after preparing the plates Plates wythout anh
bioties serve as controls and are used 1n the disc method

Tnocufum The growth from 18-20 hours old plate cultures are suspended 1u broth
to contain about 109 viable units per ml The suspension 1s diluted 1 4 4 1n broth,
using & 2 mw wire loop about 0005 ml of this suspension 1s spread on a 1 2 em”
sector of a plate 6 strains are moculated on cach plate and 1n order to mimimize
the deleterious effect of suspension all inoculatjons with ove sttawn are completed
before the ncxt one 1s suspended The plates are mcubated for about 23 hours at
36° C 1n an 8 per cent COz atmosphcre

Readings of resulis By compartson with the growth on a controf

plate wathout antibiotic, the readings of the results are graded as fol-
lows

Confluent growth 4, confluent, but less dense than 4 3, granular
growih > 50 colontes 2, 1 to 50 colomies 1, no growth 0 By means
of tlus gradation a symmetrical distribution of the degrees of gono-
coceal growth 1s obtaned, degrees L and 3 occurring with equal fre-
quency Conscquently, degree 2 can he taken as the nud pomt With
thiy, presumption 1t 1s Justifiable to use the Karber method! mn calcu-
lating the mean minhitory concentration When a log- scale for the
penreilin dilutions (referred to 11U) 15 employed, harber valucs are
oblained, which we have called here N ,-palues These values corres-

1 For details of the harber method the reader 1s referred to Jitnmey D J (1937
sProbat Analysis p 39 Unwersity Press (ambridge In that publication pereentages
are dealt with for example survival percentages and the determination of 50 per
cent values 1s based upon percentages In the present paper the mcthod 1s cmployed
on degrees of growth which have been  translated to percentages 0 25, 50 75 and
100 The tabulation 13 especially simple when the dilution factor 1s constant tn our
casee=12) the 50 pcr cent value then being dependent only on the sum of perecntages

(sum of degrecs) (Table 3)
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anly those pomnds from the merage of all the laboratores have been
Jowned to form the wohh ennve The results from the dilferent labora~
tories are systematically tocated at somewhat different levels, those
from lab 6 lying ahout one hatf dibuion step lower, and thase from 1ab
3 about one half dilution step tugher than the average {Stuppled cur-
ves) Both the differences in tevel and the mdividual deviations are
smalt m relatian to the total range of vanation

TABLE 4
Lomparsson of ¥he %o § afties Qbtawned 1n the 6 Laboratories {See page 3}
Plate Dilation Vethod Standard Medism

Tat oratories
Stramns ) 2 3 + 5 L hd

e 1 183 1 142 242 208 167 177
Q065 066 03 06 (ki -019

Ge 1 250 283 367 a2 3la B2 1531
007 026 10 015 118 232

Ge 101 37 400 37 392 425 342 38
-010 01s  -010 007 040 ~043

Ge IV 042 613 050 032 225 029
LR+ LAY " DI BBy
e N 081 058 150 07 05y 085"
-002 -027 062 -010 027 range

Gic M 683 758 342 633 3% 11 i I
e6e 015 099 _110 082 026
Go MU 675 300 760 603 767 642 682
007 018 018 -02 D -0140
eI @92 02 04T 208 GO 02
021 043 -051 140 034 093
Ge I\ 60O 642 575 633 6038 550  6M
o0T 041 -0 032 00s 05!
Ge N BOD 688 617 597 §42 5
001 002 018 .007 033 ugé % |

Average 358 338 384 368" 106 303 363
~-0e4  -005 -2t 00 043 0359

* Average ¢ 3 N values See page 240
& Difference fhrtacen 3 and 3 i

¢ Average <f N0 valucs {cr all Iaborstorres
* Calculated by the method of “mlssln; Pluts™

rhe r‘nullt obtamed wath the disc method are given in Tables 5 and 6
In 1ig 2 the reondts usmg 20 U pensehn are presented graphically
I = averige from all daboratorses) The tofal sartation in sensibnly
ts Ahout 20 s for 20 1 and about 23 mum for 2 U The scquence of
the strams 15 the same as i Fig 1 and the course of the graph of th
aseenges (sohid eurve) shows that the bun mathate == % T of the

. H watt ol e Tesul
wnd that from lab 5 & Jugher than that of the nl\“u":;" B daver

16 sctarara 57 2
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imvcstigation 1t was sometimes necessary to correet the degrees The correction was
performed using the following principles af, in the readings, more than one figure 1
(ar more than one figure 3) occurred only the last figure 1 was calculated as 1 and
the remainder as 0 (or the first figure 3 ps 3 and the remainder as 4) The correction
was performed in order to determine g0 as accurately zs possible

The diffuston or disc methed. The techmique has previously been de-
seribed by Lricsson et al (5, 6, 7, 8) The same bacterial suspensions
and media were employed as 1n the dilution mcthod However, n one
of the faboratories (5} a fower moculum was used 1 order fo obtaun
“a dense but not confluent growth” The plates were “dried” for 20-30
mmutes at 37° G, leaving no frec mosture on their surfaces 15 ml
suspension was poured and over each 10 em plate the superfluous hquid
was suched up The filter paper dises contned cxactly 2 and 20 1U
pemicilin (12 and 120 ug), 50 pg di-hydrosireptomyemn, 50 pg tetra-
cyeline hydrochlonide, 30 xg chloramphenicol and 2 1 mg sulphathia-
zole The number of dises per plate was adjusted 1n relation to the
expeeted size of the inhibition zones After moculation the discs were
placed on the plates, which were left for 8 hours at room temperature
hefore meubation (3 hours’ prediffusion) After about 20 hours’ mcu-
bation at 36~37° C in a CO.-atmosphere the zone diameters wery mea-
sured m mm 3 readings of each zone wcre taken, the average heing used
for the evaluation of the present experiments In the discussion, the
method of reading will be dealt with 1 more detail

The structure of the expertment A total of 6 laboratorics took part
n the mvestigation Lach laboralory was to cxammne the sensitinity of
all 12 bacterial cultures to penierllin within a single day, using both
methods and the 8 and, if possible, also the R (Sece under media) 1The
tests were to be repeated on 4 different days and the whole procedure
was to be dupheated including the preparation of fresh meda, except
the placental broth agar This scheme was followed 1n 3 laboratories
(1,3 and 5) Inlab 2 the R was used for the dise method only Inlab 4
the R and S were used on differ<nt dnys for both methods The R was
employed for the dilution method on onc day and the & on 2 days,
the disc method the R was used on 2 days and the S on 3 days Some-
thing symilar ipplied to lab 6, where the R was used on 2 days and the
S on 3 days for the dise and the dilution methods, respectively In addi-
tion, the tests were performed on different days by both methods

RISUITS

Table 4 shows the average results (3 day«) for the duution method
obtamned in the 6 laboratories using the § The averages (N,,) from ail
laboratories for the mdnidual strams vary betwecn 029 and 743 or
withm a range of about 7 dilution steps In Fig 1 the strans are ar-
ranged on the abscissa n the arder corresponding to their averages, and
on the ordmate the corresponding Ny, valucs are plotted The Nj,-values
from the ind vidual laboratories are also plotted on the ordinate, but
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only those points {rom the xverage of all the laborafories have been
joned fo form the sohd cune The results from the different Yabora
tories are systematieally located at somewhat diferent levels those
from lab & Iving about ene kalf didution step tower, and those from lab
5 about one half dilution step lagher than the mesage (Stippled cur-
~es) Both the differences w lesel and the sndindual deviabions are
small m relation 1o the total range of varation

TABLF ¢
Loamparison of the Y0 Values Qbtaine [ 1 the 6 J aborafories (Ser pase Y
Plate Diufion Method Stan lard Me frum

Lal ral ries
stra oy 1 2 3 ] a [ N

[ 183 117 142 242 208 167 175
ansh  G6o 03y 065 031 010

re 11 2350 283 387 242 37 D> 231
@07 02 110 013 118 27

o M 3 400 37 392 12 3 38y
gty 0g5  ~010 007 040 -0d3

Ge v 042 813 050 042 02> 02g*
a3 042 021 013 004
Ge N 083 6358 1% DIy 053 038y
002 027 0 fia o 027 Tange

Ge VU 683 755 812 633 83, 717 743 }IM
960 01> 089 110 082 026

Ge VI 632 700 700 608 767 642
007 018 018 074 038 040

Ge NI 0¥ D2 017 208 082 025 068
o2 -043 051 140 028 093

Ge [ 800 642 535 633 608 55 &1
001 041 025 022  dos 051

Ge X €00 608 617 592 842 333 5w
001 903 218 on7 243 066

Average 358 358 a8 368 406 303 383
808 -Ho> w21 90 043 05

; Average of 3 Moo values See page 240

The results obtaned wiih the drsc method are given i Tables 5 and 6
In Fig 2 the results uwang 20 1y pemailhin are presented graphacally
(D = aserace from all laboratorres) The fotal ranguon i sensibivaly
1 about 20 mm for 20 1U snd ahout 25 mm for 2 W The se !
the strains 3s 1he same as Fig 1 « b of th

and the course of t
averages (solid curve) shows that the fan matt ~ 7 ‘.’ h? graph of the

e ot Wi results (rom lal
nd that from lab 5 5 ugher than that of the average b S 1o toser

16 scTaruru 57 2
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Fig1s
Comparison between the results obtamed with the 10 strains 1n the 6 laboratores
16
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TABLE 5
Comparison of the 7one Ihametcrs Obscrved wn the 6 Laborafories
Disc Method Standard Medium
201U Penicillin

T aboratories

Stramns 1 2 4 4 5 r b

Go 1 333a 219 286 279 362 218  28%
506 ~64 03 -0 79  -65

Ge 11 353 247 346 237 407 120 285
68 -38 61 -48 122 -16%

Ge I 363 296 345 302 00 233 323
10 -27 22 21 77 -90

Ge IV 335 192 277 316 183 261
71 -69 16 55 78

Ge \ 2 192 312 325 205 267
35 -75 45 58 62 range

Ge VI 197 427 502 103 539 368 456 [195
11 -29 16 53 53 88

Ge VII 468 399 467 368 494 363 427
41 -28 10 -59 67 64

GeVfII 315 192 278 371 818 187 272
43 -80 06 99 16 15

Ge IN 475 3638 102 417 30 307 399
76  -36 03 18 31 -92

Ge N 506 350 434 415 476 32 422
84 -72 12 -07 54 -70

Average 305 288 365  331° 407 21 340
55 -52 25 09 67 89

a Average of 3 zone diameters 1n mm See page 240

b Difference between 1 and 3

© Average of zone diameters for all laboratories

* Calculated by the method of * mussing plots

Differences 1 the laboratory levels might be elmminated by means of
reference stratns, which could be used to determune the level and to
correet the individual results 1 accordance with this In the present
nvestigation the averages for the 10 sirains of gonococcus were used
as an estimate of the laboratory level The resulting average differences
are given in Tables 4-6, and Figs 3 and 4 the laberatory levels are

rantly, the inter taboratory varmbion of the corrected

corrected Appa
ated

values was different for the v irious struns This 1 further clierd;
in Table 7 in which the range of variation for cach of the strains s
presented, the corresponding values for Staph 209 P and Sarcina lutea
are also included The range of variation of the tndivadual strams
should be compared with the total range of varation (mn sensitivaty)

the Iatter 1s given at the basc of the table \With the dilufion method,
the average range of varation amounts to 18 per cent of the iffercnee
in sensitinaty between the most sensitive and the least sensiitve siramn
The corresponding values i the disc method are about 20 and 35 per
cent for 2 and 20 1U, respectively Seen mn relation to the range of sen
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sitnity the xanation in the individual results 15 greater wath the disc
method than with the dilution meihed This applies more obviously
to the 20 IU-dises than to the 2 1U discs

TABLF 6
Comparison of the Zone Diameters Observed sn the 6 Laboratortes
Dise Method Stan lacd Medium
21 Penieillin

Laboratorics

Strams 1 2 3 4 5 6 o
2378 0o 217 201 201 137 <182
G 1O RE ZE s St St >
Ge 1 262 170 215 159 282 <60 <201
>61 > 31 >74 >-42 S8l <-141
Ge M 298 217 286 217 283 172 246
52 29 10 -29 37 -74
Ge IV 203 <70 182 132 92 <136
567 <-66 46 >-04 > 44
Ge 3V 180 <81 237 7 1o 125°
25 -74 32 ~08 -25 range
Ge VI 938 372 135 318 43 315 385 (249
51 -13 50 -67 18 -10
Ge VI 395 320 100 311 398 308 35
i0 -3a 4o —44 43 47
GeVlU 188 <70 175 210 128 82 <142
>46  <-72 >33 68 >-14 > 60
Ge N 399 294 333 330 322 263 324
5 -39 10 08 -02 61
Ge X 421 287 3 352 69 293 316
75 59 07 o6 23 53
Average 302 198 259 217 270 185 <217
55 19 42 ~10 22 82
2 Average of 3 zc
b Differimee hetwein 1 mmag T T 50 Pake 260
¢ Avcrage of zane diameters {cr all Lab ratories
* Calculated by the method of “missing plots”
, The rt.‘:ulh O'll‘!nlncd wilh the R showed substanbially fhe samo fan

omewhat greater varia-

Lhus, the two methods determined the relative sensitivitres of the

struns in the same way, respeetine of the medium, and apparently

with somewhat smaller vanation 1 the dilution methad than n the

dise method Seen in relation to the range of sensitivity the dilution
method gave more wmform results than did the disc method
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TABLE 7

Range of Variation of Resulls Oblained 1n the 6 Iaboratories after Correction for
the Laboratory Level Standard Medium

Milutton method

Dise methol
zone diameter in mm

Struns
D) N, ‘ 21U pen 201U pen
Staph aureus I'DA 209 P 542 353 178 187
Sarcina lutea ATCC 9341 199 070 127 128
Ge I 110 116 62 46
Ge I 299 262 138 131
Ge I 080 051 39 40
Ge IV 09y 092 14 36
Ge 080 097 70 30
Ge VI 157 193 93 67
Ge VI 112 121 55 75
Ge VI 143 207 114 136
Ge I\ 177 093 52 63
Ge ) 068 026 5% 438
Average 133 126 72 69
Average range of scnsy
tivaty (Ge IT' V) 699 714 2495 19 5%
\rverage variation
espressed 1n per cent of
the ascrage range of
sensitivity (Ge) 1 \) 190 176 289 324
1 Nqoo  the haghest dilution step 16 which complete inhubition 1s obseryed
* Table 4
§ Tahle 6
1 Table 5
TABLF 8§

Comparison of the Results Obtained wtn the 6 I aboratortes Mise Method Standard
Mcdium Diffcrence 1n Zone Diameters an mm 20 1U Peruedlin—2 1U Pemicdlin
Ge Stratns Arranged According {0 Sensttioty (N o Resulls from Table %)

T+l aratories mm N

average _from

Strasas 1 2 4 4 B c (exel &) Tabl {
Ge IV 132 >122 95 184 91 125 029°
(.c\ln 127 >122 103 161 190 75 >123 068
Ge 122 >111 75 178 75 >112 08>
[ I 96 119 69 78 161 81 >105 177
Ge 11 91 77 71 78 125 >i0  >85 257
Ge 11 65 79 59 85 n7 61 76 38y
Ge N\ 85 €3 81 63 107 59 79 599
[ AN 76 69 68 87 08 13 73 601
Ge VT 73 79 67 57 96 55 74 582
Ge VI 61 55 67 85 106 53 68 743

« Calculated by the methcd of missing 1 1hts

It 1s evident from the ahove that {he relation belween the two methods
was not the same n the different laboratories Howcver, the obscrva
tions are not mcompitible with the assumption that the relihon he-
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ABB—— SEns TV TY MANGE OF STRANS
—— RANGE OF D LUT GHS EmmoTED
C~=— trcssON etu

PENICILLIN 1U

mm 2onE
Fig 5
Regression curvcs showsng the rclation between MIC and ICw {(minimal inhibitnry

TABLE ¢
ormed at llaumologn!.a Institutionen Universitetet, Lund
el

Laur,
Iisc Methad 2 and 20 11 I“mmllm Fifect of Varwation of the Inoculum

Frpertment Perf:

Dilutiony® 15 12 | 15 120

—_
Straid nos Growthy, Zene mm | Growth | Zone mm |Gronth Zonemm | Growth  Zone mm

21U
1 D 187 D 202 1 193 1 190
" D 1o D 103 A 105 As us
4189 D a0 D 33 D 328 a2 100
Average 209 213 209 235
Average difference 04 —04 26
2 1
1 n a1o D 360 A 363 A 164
n D 303 D 208 A 315 17 323
1180 v 03 D 30 D Ho A» 500
Average 319 36 313 94
Aversge difference 17 07 21

* The undituted <us,

Pension contayned
§ Growth D Dense

ahout 10 hactersa per ml
Arpropriate

S Sparse \S Very spars:
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cent for labs 3 and 6 Thus 1t is unhikely that differences of this order
would depend upon vanation n the inoculum and, as mentioned above,
the method of reading the results had also been different in the labora-
tories concerned

DISCUSSTION AND (ONCLUSION

The experiments showed that the relative sensitivity of the gonocoeeal
strams was established with a substantial degree of umiformuty by the
two methods, whether the routine (R) or the standard (S) medmum was
employed However, the relation between the methods varied from one
laboratory to the next This was presumably due mamly to variation i
the method of reading the resulls i the disc method Different halnts
were encountered; m some of the laboratories the zone diameter was
measured where the growth abruptly decreased from dense confluent
to more granular growth, “outer zone” In other laboratories the more
or less distinet linmit between growth and no growth, the “mner zone',
was measured At the conclusion of the experiments 1t hecame clear
that “mnner zones” had been read 11 lab 4 and to some extent m lab 6,
whereas “outer zones” had been read 1n the other laboratories

The different results mught also be due to vartation in the noculum,
Lricsson (8) states that, for rapdly growing and less fastidious organ-
1sms, the zone without macroscopieally visible colonies should be read
and that the plates should be moculated to obtam “dense grow th but not
confluent growth” With the gonococeus it 15 very difficult to obtam
such an inoculum, the growth of the mdmidual strams beng variabl
By suspendimg cultures from plates tinoculated at varying times) 1t s
difficult to heep the moculum constant and owing to the varying de-
grees of viabihty turhidunetric measurements do not help When the
xpermmental results were disenssed 1t was discovered that generally
the moculum had not fulfilled the requirements described ahove Only
m lab 5 had an attempt been made to follow the directions given by
Lricsson, however, the result was growth which was often too sparse
and zones which were relatinely wide In supplementary experiments
n which the moculum was varied the density of the growth was also
estimated. most frequently, two of the dilutions {3-fold steps) resulted
in appropriate growth Accordingly, 1f onlv ¢xperimental results
which appropriate grow th were obtamad were to be accepted, the mo-
cula would vary maxtnalls by 25-fold from one laboratory to the next
and, as a rule, the varnation would not he more than 5 fold It1s concers-
able that the difficulty n hecping the moeulum constant nught be over-
come by shakmg flmd cultures during incubation (9) This procedure
1s Iyerh:\p\ too laborious to be used routinely and flnd cultures are also
diffieult to check for contamination

Within a relatively broad range, the dilution method ts tndependent

of the oculum (H) and m this method the rcadings can be rapadly
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and casily performed In this case, also different methods of reading
ean be used and these mas influence the determmation of Nso In this
respect 1t might be better to use N = he highest diution step m
which complete inbition 15 ohserved (Corresponds fo the mnimal
snhibitory concentration, MIC)

fon of the bacteria

The relation between 1o and MIC deg cads upon the distribut’

nccﬂrihng o therr senuitiities MIG ¢ rresponds to a concentration which is ?‘llxh

enough 1 mahe the chance of the furmaticn of even one rngnn\ e 1w (\ n:
he pre<ent investigat: n (2-3 X 10 } abeut onc of rac

imocala of the order use 1n (he pre ' 1 one of each

- a & Lo sensitd
A1 was ot vers great As MIC will tend to be more influenced by varjation in
sampling than wall 10 g, there 35 no reason to prefer MG to 1T .. Jn other micro
otgamisms it 1> posssble that the distribution ace rding to semsitivity s mere
e - oth MIC and W« mught le of 1m

« ¢ 7 shows that the interlaboratory

. In contrast to this Sarcina lutea

- « than for N\ {resumably due o
the less abrupt decrease 10 growth with increasing concentrati n of the antibintic

In spite of the above mentioned diffictlties 1t 15 concluded tht, both
methods nre of practical vahre, and guanitaline determinations waith
the two methods will be positnely correlated In a study, in which a
number of theorelical possibilities werc considercd (1), 1t was demon-
strated that from the results of the two methods a commen xalue of
sensitty mndependent of the size of the inoculum can be derned

The dilution method requires the production of media contuning
various coneentrations of antiwotic, which can onls be stored for a
limmited period whereas the disc methad perouts long term storage of
the dises 1n non speciahized laboratories the disc method can be used
with aduantage

In order to “translate resulls obtamned by the disc method into con
etntrabons a companson shonid he made with 1 dilution mcthod This
should he done 1n cach laboratory with a large number of strams with
sensitaties corresponding to the range encountered i the patients
Erom time to fime chechs should be made to determime whether the
obsersed correlation remawns the same ¥ the amount of antibiobie yn
the dises 15 altcred a new comparison should be made

The curses reproduced inFig 5 show an vxample of a  translation’
which 1s hased on the results for 10 steuas {average results of 3 ﬂelcf:
minations i eich of 2 lahoratories) which show « varntion i MIC of
about 7 dilution «teps IC, w each ‘aborators, 3 <trams onfv were used
to diternune the cunve the translation’ from zone diameter to con
centeation would hecome less sccurate the degree of the naccurace
would depend upon the partteular faboratory, especially upon the n :
bier of tunes tests were repeated in that 1 ﬂu;nlnr,\ Thl- regression :::_
ves caleulated for Iihs 1 and 3 separately showed, for the 10 strains,



cent for labs 5 and 6 Thus 1t 18 unlihely that differences of this order
would depend upon sanation in the moculum and, as mentioned ahove,
the method of 1eading the results had aleo heen different in the 1abora-
tories coneerned

DISCUSSION AND CONCIUSION

The expermments showed that the relati e sensiiy ity of the gonococenl
stramms was estabhished with a substantial degree of umfornuty by the
two methods, whether the routine (R) or the standard (S) medwm was
employed However, the relation between the methods varied from one
laboratory to the next This was presumably due mainly to varation
the method of reading the resulfs n the disc method Different hahits
were encountered; in some of the laboratories the zone diameter was
measured where the growth abruptly decreased from dense confluent
to more granular growth, “outer zone™ In other laboratories the more
or less distiet limit between growth and no growth, the “inner zone',
was measured At the concluswon of the experiments 1t hecame clear
that “inner zones™ had heen read i lab 4 and to some oxtent mn lab 6,
whereas “outer zones™ had been read 1n the other lahoratories

The different results nmight also be due to vartalon tn the toculum,
Lricsson (8) states that, for rapidly growing and less fastidious organ-
wms, the zone without maeroscopically visible colontes should be read
and that the plates should be mocutaled to ohtain “dense growth but not
confluent growth” With the gonococcus it 15 very difficult to obtun
such an oculum, the growth of the individual strams being vanable
By suspendmng cultures from plates (noculated at varymg times) it s
difficull to heep the moculum constant and owing to the varying de-
grees of viabihty turbidimedric measurements do not help When the
experimental results were discussed 1t was diseovered that generally
the inoculum had not fulfilled the requirements described above Oniv
m lab 5 had an attempt been made to follaw the directions given by
T'ricsson however, the rosult was growth which was often too sparse
and zoncs which were relatndy wide In supplementary experiments
m which the moculum was varied Sthe density of the growth was also
estimated, most frequently two of the diutions (5 fold steps) rosulted
m appropriate growth \ccordingly, 1f only experimental results m
which approptiaie growth were obtained werc to be accepled, the no-
cula would vary maximally by 25-fold from one laberatory to the next
and, as a rule, the varntion would not be more than 5-fold It 1s concen-
able that the difficulty m keeping the moculum const int might be over-
come by shakmg flmd cultures during incubation (9) This procedure
15 perhaps too laborious to be used routinely and flnd cultures are also
difficult to check for contamination

Within « relitively broad range, the dulition method ts independent
of the woculum (5) and . this method the rcadings can be rapidiy
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small effect because of the Tong lag and long generation times of the
gonococcus Furthermore they do not stan@ 20° C very well so that it
wonld be necessary to use 24 hours prediffuston before tnoculafton
Consequently it seems reasonable to amut prediffusion completely,
where from a practical pomnt of view, prediffuston for 24 hours 15 con
sudered as impossible or if the increased nisk of contamination w l play
too great a role By a long prediffusion piriod the concentrabion grad
Lent m the medrum becomes less steep and more stable and thereby the
range of measurements is imumshed 1t might in thus case be necessary
to use several dises with different content 1n order to avoid the zones of
the most sensitive strains heing too large

Wath gonococer 1t is very difficult to specify the moculum and it 1s
1mj osstble to correct for the effect of this variation The requirement
of dense but not confluent growth 15 modified here 1o confluent but
granular gronth and sf too sparse or too dense growth s obtamned,
the test should be repeated By putting greater stress on the method of
reading the zones 1t ts hoped to reduce the inter Iaboratory vanation

SUMMARY

10 strains of gonococcl were selected se that the varmation in their
sensitinity to penicillin was the greatest possible they were repeatedly
tested by two methods (a dilution and a disc method) and with two
different media a common standard medium (S) and an mdividual
routine medium (R) In both methods variations were observed both
within the indn1dual laboratory and between the Iahoratories

Within a laboratory and within the range of sensitity tested the
vaniations of the two methods were substartially the same The ranges
of sensitinty were about seven 2 fold dilution steps and 20 20 mm
zone diamelers The inter Iaboratory variation was mainly a difference
w lesel (Figs 1and2) In the dilution method the differences i level
\‘\:rrcc small 1n relation to the range tested whereas relatn ely large dif
mclt‘:(c;:js were found 1n the zone diamefers measured by the disc
N[H(‘)ﬂ::llcllos:: aux:z])dsls of the results and of the experimental conditions
ol el ‘))[ in the (Ilﬁlt method 1t was found that differences wa the
Fapiel : 1ng the results and in the moculum were very probably
the mat fac ors responsible for the observed deviations hoth fantar

penr
specy
L v owor oot tne ot vy
iy ot ect of vanation of the moeulum Howevor

o
1
1

v uipoye the results through a corree
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differences 1n translation of up to one dilution step With the 3 strams
(nos 3, 5 and 7), which gave most uniform resulls 1n all laboratories,
the devtation would not be much greater In practice, when “translat

ng” (without repeated determinations) from mm to concentration one
would expect a variation of 2 to 3 dilution steps It 1s not aduisable to
extrapolate the curve beyond the range tested Fig 5 shows the regres

ston curve determined by Lriesson (5, 6, 7, 8) for 20 1U pentaithn, this
curve desiates from the common curve for labs 1 and 3, both with
respect to position and slope This 1s not unexpected, as Ercsson’s
curive 15 based on results using a different medium and microorgamsms
with a higher growth rate and much shorter lag phase than that found
n the gonococer Stnce the range of sensitistty tested 1s too small to de
termune whether or not the “hine” 1s strught, 1t 1s preferred to describe
the relahion between zone and concentration as a “eurve” and not asa
“line”

The average level of sensitivity was somew hat different in the diffe-
rent laboratories and the deviation was, relatnve to the range, somew hat
less with the dilution method than with the dise method (Tables 4,5
and 6) For both, the diffcrence from the average of all results were
constant({ or nearly so), making 1t possible to improve the results by
means of a correction Simlarly, a correction could be obtamed by the
use of reference sirains with different sensitivities, strams with a small
deviation from the correctcd values should he preferred and strans
nos 3, 5 and 7 could be used In contrast to this neither Staph 209 P
nor Sarcina lutea are switable they vary too much (Table 7)

The results may be further amended by a thorough specification of
as many experimental conditions as possible media, agar (quahty and
content), thickness of plates, prediffusion time, mnoculum and method
of reading the results The experiments showed that minor yarintions
in the composition of the medium and mn the perecntage of the agar
played a relatively small role The thickness of the plates and the dif-
fusion time were kept constant In supplementary experiments per-
formed by Laurell (17), Reyn (23), Wallmark {30) and Vogelsang (31)
a distinct, though not very marked, effect of prediffusion was demeon-
strated, but after 3 hours no constant level was found, at least not 1n
stramns givng large zones (5-8) Recently, Thomsen (28) has used
long prediffusion tumes in aifferent bacterta with varymg lag periods
and generation times He found that 1) “the difference bciween sizes
of inhibition zones mn stramns with varied sensitivty will be marked and
2) the cffect of vartions ¢ wsed by different growih rates and sizes of
snoculum will be reduccd’ Based on this, he recommended 124 hours’
prediffusion with subscquent removal of the dises before the ino-
culation

In small laboraterics with a varying amount of work it would be
difficult to use such a long prediffusion time 3 hours’ prediffusion
after inoculation, as used 1n the present myestigation, has a relatively
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tion from the average results from all the laboratorics Thus, i fulure
1t will be possble to corrcet the indmvidual results by usmg reference
strains of known sensibivaty :

The dise method 1s preferable for routme use, but the results obl uned
by this method should be “translated” to concentrations by mens of
a regresston curse, which has buen determined by a series of tests with
both methods This determin ition should he porformed with struns
covering the current range of sensitinity Despite the fact that both
the moculum and the method of reading the results have been speafied
i more detal, indivadual regresston curves should ideally be prepared
for cach laboratory The course of the curyes wall depend upon a num
ber of factors, of which the antiiotic contents of dises, prediffusion
time, method of rcading the results and moculum are the most 1m-
portant Small differcnees m the composition of the medim did not
play a large role, 1t 1s amphasized, howcver, that the composition of the
routine and standard media was nearly the same It s probable, that
differences 1 the contents of protecting (absorhing) and nutrient
substances may have a very marhed effect (24)
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DFPARTMFNT OF BACTERIOLOGY AAROLINSALIN STITLTFT
STOCAHOLY €0 SWEDEN

DECREASE IN FREQUENCY OF BIRTH IN MICE TRFATED
WITH ENZYMATIC DIGESTS OF DNA

By

C G HepEn T TnsbanLand W BRatN?
Recejved 20x 62

The elonal sclection theory of acquired immuomty once advanced
thonsgh no longer championed n ts original form by Burnetl (Burnet
19 9) not only requires but y rovides a fairls plawsible mechanism for
he elumnation of 2uto antibody forming cell clones in early develop-
ment In concordance with this theory natural tolerance could be de
1 endent on chmnation of certain antibody formmg cell clones tn em
t rvomic deseloy ment However, the chemieal basia for such an elimmnn
tion mechamism 15 obscure One posstbihily 1s that the death of auto
anhibods formng clones may be caused by so called unbnlanced growth

e 21 henomenon of dissvichronized nucleic acid and proton syntheses
simular to “thymineless death 1 bacteria (Cohen Barner 1905} Thus
1t 35 concennable that durng early development when DNA synthesis
men oceur 1t fards high rates in most cells unbafanced growth mav he
1 roduced i those rmmunologicaliy competent ecfls that m response to
wlo antiens synthesize antthody protemn at high rates The obsera
tion thal 6 mere iptoj urine administered to adult rabbits together with
an anbigen Wil induce immunologte tolerance to this particular sntigen
tut not to other antigeruc substance (Schwar~ & Dameshek 1909) 15 1
hne with such assumptons The following, experiments were under
taken with the thought that one might 1 revent such suspected un
Pahinced prowth  of cortam antibody forming cells by stimulation of
DNA svnthests during develoyment Direct studies with bactlcria and
more 1ndirect observations with mammahian cells have mndicated that
DNA svathesns can be stanul ed stiectively with the ad of an enzvm
u.::f l:ll;!‘i\\l'nnt:rq{x)\\c\p ;slﬁgl"e"al?w and this was therefore emploved

o sensilizafion during early develoy ment

FXPFRIVMENT AL

. Mice from an inbred laboratory stram were used at an age of eg
weels when they were highly fertite To praduce pregnney  fe
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DIFVIONSTRATION OI THI RHFUMATOID [ACTOR WITH HUMAN
ANTI SHET'P CFIL AMBOCEPTORS

By J Tekola K Aho and \ -F Sans

It has been difficult to find ants Rh sera suntable for demonstrating rheumatord
factor (RF) activits There are sera which apparenthv do not sensitize the cells
for the rheumatoid agglutination and with most of the reactine anti Rh sera
only a low percentage of rheumatoid ser1 give positive agglutination reactions
However, the nced of a human antigen antihody system well suited for detecting
the RE 1s evident

As the heterologous red cell 1s hnown to be a good immunegen and many
different Linds of antibodies are formed agamst it we have immunized human
subgects with sheep erythrocytes One or two intramuscular injections of 02510
ml of washed packed eclls were Eien Fach of the six persons hitherto studied
developed a relatively high titer of agglutinating makroglobulin antibodies The
sera did not sensitize the cells for the rheumatoid agglutination However when
the gamma globuhin was separated from the other serum proteins by the DEAF
cellulose column chromatography 1t appeared that all the sera contained a small
amount of gamma globulin antibodies which were surtable for sensitization The
agelutination cxperiments were carried vut with the microsenpic techmique of
Harboe & Lunderall (1959) The cclls were sensitized with 12 %4 of the mimmum
agglutinating dose (%-'s MAD) A panel of ax normal sera nine cheumatad sers
a pooled normal serum and a pooled rheumatosd serum was tested All the
amhoceptor sera gave positive reactions with the same sera which were reactne
with the exceptional diagnostic’ anti Rh serum Riples  The titers were defi
nitely Mgher than those obtamned with sheep red eells sensitized with homologous
rablut amboceptcr (Waaler Rose test)

Two amboceptor sera (3 L and h 1) were studied 1n greater detarl Absorption
experiments with diphtheria tovord human antitoin precipitate were first carried
out A1l RI actiity measurable with these two amboceptars was ahsorbable to
the precipitate and the titer decrease paralleled the decrease 1n the W aaler Rose
test Next the effect of different semsitizing doses was studied It was observel
than when weakly sensitized cells (Yir 15 MIAD) were used some scra were stll
reactive in high titers whereas in some others no agglutination at all could he seen
although the titers were equally high with strongly sensitized cells

Further experiments to explain the broader reactinits of the human ant: sheep
cell amboceptors as compared with the usual anti Rk <era are in progress

References Harboe M & Lundevall J  \cta path microbiol scand 1929 35 357
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DECREASE IN FREQUENCY OF BIRTH IN MICE TREATED
WITH ENZYMATIC DIGESTS OF DNA
By

C-G Heoés, T Lispanr and W Brats!

Recened 20 x 62

The clonal selection theory of acquired immunity, once advanced
though na longer championed in its original form by Burnet (Burnet
1939), not only requires, but prosides a faurly plausthle mechamem for,
the elimination of auto-antibody forming cell clones mn carly develop-
ment In concordwnee with this theory, natural tolerance could be de-
pindent on ehmination of certain antibody-forming cell cloncs i em-
uryonic devclopment Howeser, the chermical hasis for such an elimina-
tion meehanism 3s obseure One possibality is that the death of auto-
antibody-forming clones may be caused by so #alled unbalanced growth,
12 aphenomenon of dissynchromzed nueleie scid and protein syntheses
sunitar to “thymneless death™ 1o bacteria (Cohen, Barner 1933) Thus
115 concenable that during early development, when DNA synthesis
may aceur at farly hugh rates in most cells, unbalanced growth may he
produced 1n those immunologically competcnt cells that in response to
wto antigens syathesize antibody proten at high rates The obsera-
t1on that 6 mercaptopurine, admmsteced to adult cahhits together with
an antigen will induce immunologic tolerance to this particular antigen
but not to other antigenic substance {Schwarz & Dameshelk 1938) 15 1t
line wath such assumptions The following experiments wore under-
taken with the thought that one might prevent such suspected “un-
balanced growth’ of cerln antibody Torming eells by sumutation of

DNA synthesis duning development Dareet studies with bacteria and
mofe mdireet ohservations wath \]

cells have indicated that
DN A synthesis can be stimualated selectively with the mid of an enzym-
atic digest of DNA (Braun 1962) and this was therefore, employed 1n
Atiempts 1o cause possble anta savssdonrtorem darig vty ey K'l()}vm(‘n\

FAPERIMENT AL

Shiee frem an ibred laboratory strain were used at an age of ca
b wedhs, when they were highly festile To produce pregnancy,

2 Py d
) resent address Inst of Muccabuolagy, Tuigers The State Lon , New Brunswick,

17 actavan 87 3
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male and male mice were placed together, two and two n the sume
cage, for three days, whereupon the male mice were removed The fe
male mice were then treated, as shown i Tables 1 and 2, by mjecting
the indicated matenials s ¢ 1 the back ey ery third day during gravidity
Each mouse usually recerved a total of 6 doscs

The DNA digest-contammg mixture, which 1s not toxic for adult mree,
consisted of 400 pg duponol-extracted and *sev ag-treated” thymus D\A,
150 pg DNAase (Worthinsgton, Ix cryst ), supplemented with 250 pg ench
of the four desoxynucleosides and desoxynuelestides, and 40 pg ADP
per mjection (=, supplemented DNA digest”) DNA was digested with
DNAase in the presence of Mg+-1ons (0 01-M MgS01) before the nucleo-
sudes and nucleotides were added Ireshly distilled water was used as
diluent The test solutions were sterilized by filtration through mem-
brane filters immediately after preparation, and stored at 4° € They
were regularly cheched for sterility 1o avoid possible cont munation
with endotoxin-forming mrcroorganisms

RLESULTS

In untreated conlrol groups, the frequency of birth was Jugh m all
expermments The admunistration of supplemented DNA digest produced
a stnking effcet m some, but not i all, tests The frequency of birth
decreased, and some of the anunals born to treated mice that yielded
Iitters died two days after birth (Tables T and 2) The latter ammals
were of normal size at birth and did not differ xisibly from he ncw-born
animals in the control groups These ceffects of DNA digest did not oceur
with mice that were treated with physiological saline, nucleosides +
nucleotides, DNA nlone, DNAase + nucleostdes + nucleotides, or RNA
+ DNAase + nucleosides + nucleotides DNA + nucliosides + nucleo-
tides showed some cffeets 1 one exporiment

TABIT 1
Num
Size of
iy j Treated with | rodndual Yitters
15 DNA + DN\Aase 0000000000078 810¢4T)
(Supplemented with deoxy
nucleosides -hides and ADP)
15 Desovvnucleosides 00000465677788909
+ desoxy nuclcatides
15 NN 00333468892999910
15 Saline 00034455557891011

(T) Indicates amimals alive at barth but dead after two davs

The reproducibility of the effects obtuned with DNA digest depended
to a large cxtent on the DN\ preparation Different Iatehcs of DNA



2.9

were found to sary greatly in actiity some showing no actrsity at all
when used after DNAase exposure and supplementation 1s outlined
ahove We have oblamned positine effects with a two year old prepara
tion as well as with 2 freshly prepared dug onol extracted DNA prepara
ton Some of the active DNA s may have been partly denatured prior
to enzyme treatment smee they had been dissolved 1n distilted water
during preparation However heat denaturation (100° C 15 munutes),
prior to enzymatic digestion of an mactine DNA preparation did not
preduce any ohserable mereases i hiologieal activity That the var
huity of the results does in fact depend on the D\A preparation used
was confirmed 11 an experiment 1n which digests were prepared at the
same time from two different DVA preparations and were then tested
under identical conditions (Table 2)

TABLE 2
perot Treated wi h AL
m ce ind idualliters
24 actwve” DN 4+ DNdase 0000000000000 01(T) 34
+ desoxynucleos des 57 89(9T) 10(10T) 10 10

+ desovynucleot des
13 mactive”DNA + DNfase 00000123566778889910

+ desotynucleos des

+ desntynucleot des
19 RN 4 DMase

+ desotynucleos des

+ desotynucleot des
13 Saline

000D225566667 7888811

0004467778888

{T) Ind cates ammals alve at Dirth Fut dead after tw  days

Differences n biological acinaty hetween different DNA digests have
also been observed in microbrologieal test svstems (Braun 1962) and
ifferences m presumably 1dentically extracted PNA preparations alsa
have been noted in immunological tests ( Palc=uh Plescia & Bragn 1061)

DISCLSSION

Due to the vanability in effectiveness of different DNA digest pre
1ar;|hom mn the here desenibed tests with pregoant mice noﬂdclax;lcd
{:z;:‘;;mltylgnclnl mnsestigations were performed on amimals from hitters
Cepermcnl S phclutesa elomed s of e et

des a detailed discussion of the supgestine
::Ol’rlr:(:;‘l:ln::(l Instead we prefer 1o postpone such a d:stﬁs;nn ::lt:
more We expenments can Yo nerfar ot .
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male and male mce were placed together, two and two 1 the same
cage, for three days, whereupon the male mice were removed The fe
male muce were then treated, as <shown 1n Tables 1 and 2, by myecting
the indicated materials < ¢ 1n the backh every thard day during gravidity
Lach mouse usually recenved a total of 6 doses i

The DNA digest-containtng mixture, which 1s not toxie for adult mce,
consisted of 400 ug duponol-cxiracled and “sey ag-treated” thymus DM
150 pg DNAase (Worthinglon, Ix cryst ), supplemented with 250 pg cach
of the four desoxynucleosides and desoxynucleotides, and 40 ug ADP
Dernjection (=, supplemented DNA digest”) DNA was digested with
DNAase 1n the presence of Mg+-10ns (0 01-\1 MgS0y) before the nucleo-
sudes and nucleotides were added Freshly distilled water was used as
difuent The test solutions were sterihized by filtration through mem-
brane filters immediately after preparation, and stored at 4° C They
were regularly cheehed for sterhily to avoid possible contamination
with endotoxin-forming microorgantsms

RESUL1S

In untreated control groups, the frequency of birth was high m all
experiments The adiministration of supplemented DNA digest prnducod
a strihing cffeet 1n some, but not all, tests The frequency of birth
decreased, and some of the anmimals born to treated mice that yiclded
hitters died two days after arth (Tables 1 and 2) The latter animals
were of normal size at birth and did not differ 1 1s1bly from he new horn
animals in the control groups These effeets of DNA digest did not occur
with miece that were treated with physiological saline, nucleosides +
nuclcotides, DNA alone, DNAase + nucleosides + nucleotides, or RN
+ DNAase + nucleosides + nucleotides DNA + nuclcosides + nucleo-
tides showed some effects m one experiment

TABIF 1
Num
sire of
B | Trusted v e
15 DNA 4 DNAase 0000000000078 3810(4T)
(Supplemented with deoxy
nuclcosides tides and ADP)
15 Desoxynucleasides 0000045677 78899
+ desoxynucleotides
1% DNA 00333468898999910
15 Saline 000344555%57891011

(T) Indicates animals alive at barth but dead after two davs

The reproducibihity of the effeets obtaned with DN A digest depended
to a large exient on the DNA preparation Different hitches of DNA
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were found to vary greatly m actiaty some showing no actiaty at all
when used after DNAase exposure and supplementttion as outhned
abose We have obtamed positne effects with 2 two jear old prepara

tion as well as with a freshly prepared duponol extracted DNA prepara

tion Some of the actne DNA's may hnwve heen partty denatured prior
to enzyme treatment since thes had been dissolsed i distilled water
during prejaration However heat dennduration (100" C 15 munutes),
prior fo enzymatic digestion of an mactie D\A preparation did not
peoduce any observable inereases in hiologieal actinity That the vana

bility of the results does m fact depend on the DNA prejaration uscd
was confirmed 11 an expeniment m which digests were prepared at the
same time from two different DN preparations and were then tested
under 1dentical conditions (Table 2)

TABLE 2
N
Derot Treate 1 wlth T .
24 “actne DNA 4 DNdase 0900000000000 HO1(TI S
+ desoxynucleosides 578 9(9T) 1020T) 10 10
+ desoxynucleotides
19 “mactne DVA +DViase 00000123566 7788850 10

+ desoxynucleosides

+ desoxvnucleotides
19 ANA 4 DN\Aase

+ desovynucleasides

+ desotynucleotides
" Saline

0000725566667 7888811

0004367778888

{T) Ind cates 37 mals al ¢ at b rth but dead after tw  dats

Differences in biological activity betwcen different DNA digests have
also been abserved n microbiological test systems (Braun 1962) and
differences in presumably rdenticalls extracted DNA preparations also
hase heen noted 1n immunologcal tests (Palceul Plescin & Brann 1961)

DISLUSSION

Due to the sanability i effectineness of different DNA digest pre-
parlions n the here deserhed tests with pregnant mice no detailed
pathological investigations were performed on ammals from Litters

which died two davs after baeth The vanabi
ity encountered in
«wxpenments also prectudes 1 detaled : eent

d discussion of the su;
o far obtained Instead we prefer + ggestive data

morc conclusive experiments can t “-l;
DNA digest vielding mote reproduce :o
obtain such preparations are being maue with the aid of mucrolnologseal

1"
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male and male mice were placed together, two and two m the same
cage, for three days, whereupon the male mice were removed The fe
male mice were then trcated, as shown m Tablcs 1 and 2, by mjecting
the indicated materals « ¢ m the back every third day duning gravidity
Each mouse usually recaved a total of 6 doses

The DNA digest-containing mixture, which 1s not toxie for adult mice
consisted of 400 pg duponol-extracted and “scv ag-treated” thymus DNY,
150 15 DNAase (Worthington, Ix cryst ), supplemented with 250 pg cach
of the four desoxynucleosides and desovynucleotides, and 40 pg ADP
per mjection (=, supplemented DNA digest”) DNA was digested wilk
DNAase in the presence of Mg*-10ns (0 01-M MgS01) before the nucleo-
sides and nuclcotides were added Freshly distilled water was wsed as
diluent The fest solutions were sterihized by filtration through mem
brane filters immediately after preparation, and stored at 4° C They
were regularly cheched for slerhity to avoid possible contamination
with endotoxin-forming microorgantsis

RFSULTS

In untrcated control groups, the frequency of birth was lgh i all
cexperunents The administration of supplemented DNA digest produced
a stnhmg effect in some, but not i all, tests The frequency of hirth
decrcased, and some of the amimals horn o treated mice that yielded
Iitters died two days after birth (Iables 1 and 2) The latter anunals
were of normal s1ze at birth and did not differ visibly from he new-born
amimals in the control groups These effcets of DNA digest did not occur
with muee that were treated with physiological saline, nuclcosides +
nuclcotides, DN A alone, DNAase + nucleosides + nucleotides, or RNA
+ DNAase + nucleosides + nucleobides DNA + nuelcosides + nucleo-
tides showed some effcefs m one experiment

TABIE 1
l\umv 1 Treated with ! Sire of
ce | reated™ | individual Jitters
15 DANA + DN\ ase 000000000007 8810(4T)
(Supplementad with deoxy
nucleosidcs  tides and ADP)
15 Desoxy nucleosides 000004567778899
+ desoxsnucleotides
15 DNA 00333468899990910
15 Saline 00034455557891011

(T) Indicates animals alive at birth but dead aftcr two days

The reproductinlity of the effects obtamed with DNA digest dcpended
to a large extent on the DNA preparation Diffcrent bhatehes of DNA
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were found to vary greatly actinty some showing no actinty at afl
when used after DNAase expasure and supplementation s outlined
above We have obtaned positne effects with a two vear old prepara
tion as well as with a freshly prepared duponol extracted PNA prepara
tion Some of ihe achine DN\As mas have heen artly denatured prior
to enzyme treatment smee they had heen dwssolyed 1 distilled water
duning preparation However heat denaturation (100 € 15 mmutes}
prior to enzymatic digestion of an mactive DYA preparation did not
produce any ohservable increases mn biological actinits That the vana
bulits, of the tesults does m fact depend on the DN A preparation used
was confirmed 1 an expertment in which digests were preg ared at the
same time from tno different DN A preparations and were then tested
under 1dentical conditions (Table 2)

TABLE 2
Num S T
berar Treatedw h I aall ters
23 2t ve DVA + DNAase 000000000000 D01(T) 4
+ desnxynucleoy des 578 9(T) 10{107) 10 10
+ desoxynucleot des
19 “wactne DVA £ DNAase 000001235667 78889910

+ desoxynucleosides
+ desoxsnucleot des
18 BNA 4 DMAase
+ desoxyhucleos des
+ desoxynucleotsdes
1 Salne

pPOO022556666778883 1)

V0045677175889

(T} Indicates an mals alte at b rth but dead after tao days

Differences in biological activity between different DNA digests have
alse been ohseryed 1 mherol wlogieal test systems (Brann 196%) and
differences 1 presumabls identicalls extracted DN A preparations also
hme been noted L immunological tests (Pale 1k Plescia & Braun 1961)

DISCU»SION

Duc to the varabihits n effectineness of different DNA digest pre
larations 10 the here desenbed tests wath pregnant mice no detailed
pathological investigations were performed on smmals from ltters
which died two davs after birth The vanabiits encountered in different
experiments also § recludes a detailed diseusston of the suggestive data
so far obtamed Instead we prefer {o postpone such a discussion uniil
mote conclusine expeniments can he performed with preparations of
l)l\ A digest vielding mose ruproducible brological actnats Attempts to
ot tam such prej arations are being made with the aud of mierohrological
w
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male and male mice were placed together, twe and two n the same
cage, for three days, whereupon the male mice were removed The fe
male mice were then treated, as shown mn Tables 1 and 2, by mjecting
the indicated materials s ¢ 1n the back every third day during gravidity
Lach mouse usually recenved a total of 6 doses .

The DNA digcst-containing mixture, which 1s not toxic for adult mice,
consisted of 400 g duponol-cxtracted and “sevag-treated * thymus DM,
150 pg DNAase (Worthington, Ix eryst ), supplemented with 230 g each
of the four desoxynueleosides and desoxynucleotides, and 40 yg ADP
per injection (=, supplemented DNA digest”) DNA was digested with
DNAase 1n the presence of Mg*-1ons (0 01-M MgSO;) before the nucleo-
sides and nucleotides were added Freshly distilled water was used 23
diluent The test solutions were sterilized by filtration through mem
brane filters immedsately after preparation, and stored at 4° G Thes
were regularly cheched for sterihty fo avoid possible contammnation
with endotoxin-forming microorganisms

RrsuL1s

In untreated control groups, the frequency of birth was lugh m all
experiments The admmastration of supplemented DNA digest pmduct‘d
a strikang cffect in some, but not 1n all, tests The frequency of barth
decreased, and some of the animals born to treated mice that yielded
litters dred two days after birth (Tables 1 and 2) The Intter animals
were of normal size at birth and did not differ v rsibly from he new-bhorn
anunals n the control groups These effects of DNA digest did not oceur
with mice that were treated with physiological saline, nucleosides +
nueleotides, DNA alone, DNAase + nucleosides + nucleotides, or RNA
+ DNAase + nucleosides + nucleotides DN A + nucleosides + nucleo-
tides showed some effects 1n one experiment

TABLF 1
Num | |
Size of
bet ot | Treated with | indivdun ltters
15 DNA + D\Aase 000000000007 88104T
(Supplemented with denxy
nucleosides tides and ADP)
15 Desoxynucleosides 0000VO04567778899
+ desovsnucleotides
1% DNA 0033346889999910
15 Saline 00034455557891011

(T) Indicates antmals aline at birth but dead after two days

ucibnlity of the cffects obtaned with DMNA digest depended

The reprod
NA preparation Different hatehes of DNA

to a large extent on the D



THE ENTFROVIRUS DEPARTMENT STATEAS SFRUMINSTITUT, € OPFMHAGES.
DENMARK

NEUTRALIZATION OF VISNA VIRUS BY HUMAN SERA

By
HareLbor TrorMar? and HERDIs vou MaGhls
Recened 237x 62

In a previous paper t12) the results of neutralization tests with
human sera agamst visna virus were reported, These preluminary ex-
pernments included sera from healthy ndividuals as well as sera from
patients suffering from multhiple sclerosis {MS) The reaven for testing
the sera of these patients against visna virus was the apparent similarnity
between v1sna mfection in sheep and the human demyehnating diseases
as pomted out by Stgurdsson & Palsson (8)

In the prehminary study, visna virus {about 100 TCIDw) was found
to be nowtrabzed By MS seran dilubions up to 1 16 However, it was
not ascertamned whether there was a difference w the neutralizing
actinaty of MS sera and of normat human scra, and the nature of the
neutralizing substance was not studied

The present paper reports the results of neutrahization tests earred
out with human seran a larger number than tested in the preliminary
study Both normal sera and sera from patients with MS were examined

MATFRIAL AND MFTHODY
Tissue culture —Serialls propagated cetl enlt wae 4 = 11 = *

«’9 wull L per cent sheep scrum Before changing the cul-
tures to the maintenance medium they were washed with Hanks' salt solution to
remave neutralizing substances present in the calf serum (12)

Firus  Vipa virus strain hi81 1n ws 40th TC passage was emploved The virus
®as Wtrated in tenfold serial dilutions im roller tubes The batch of virus used
™ the present experiments had an infectimity titer af about 10¢3 per 01 ml
LSern Sera from paticots with mow 4 SR by supphed By the

- hagen, and by the Nevrological
The sera derncd from palients

phases of the disease
1 Present address  Inst

fute for Px
Reldar Revhgavih Teeland Perimental Pathologs, Universits of Iceland
The authors ame =1 %

partment Mun '
of Whe Neurale -
“upply of scra’ RNV
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test systams i the Iboratory of onc of us (W B) In the meantme,
howarver, we felt it to be of value to place the avalible obsery ions on
record

SUNMMALRY

Trcitment of mice with <nzymatic digests of DNA dunng pregnanes
m some cascs gave rise to 1 deercase in frequency of birth The ctisity
of the digcsted DNA app wantly varicd with differcnt DNA preparations
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normal sera—To compare the content of heat stable neutrahzing sub
stance 1n MS sera and in nosmal human sera a total of 109 heated sera
of each hind was tested agamnst 11sna virus The results of two expert
ments comprising all the sera are shown n Table 2 It can be seen that
almost an equal number of posilive sera was found in each group The
number was somewhat lower when a larger virus dose was employed
The distnbution of neutralizing titers was almost dentical i the two
groups
TABIE 1

Fffect of Heattng to 56° for 30 Vinutes on the \eutralizing Actwity of Human Sera
agmnst Y 1sna Virus Eight Sera Heated and Unheated Were Incubated with Virus*
a) at 22° for *% Hours or b) at 37° for 18 Hours before froculation into

Tissue Cultures

- ‘:nnl'n\)n'.oi !Itra \;\h(‘ !z; - p'l;f“:‘_ll n"s';::{:ié;m
2 24he o) ented HEH 8 H 8 180
arisene o et I H o H 206
30 TCID,g per 81 mh of mitture
TABLF 2

Yentrali ing Substance against Visna Virus Camnar eam of Tifers in Sera from
. ran Sera The Sera Were
Veras per 0.1 mi of

oot |y \umber of sera posit ve in ¢ tex “Total
tested [i0dY [T ——————————| poSL
13 3 ‘ ] ‘ s | 1 =1 | e
us 57 1
R noou 9 7 9 50
Normal 57 6 11 715 1 4 51
M
» 21 1 1 3 1 2 6
Normal 5213 17 12 7 3 .?;9

p F\;om the above experiments it was concluded that small amounts of
he heat stable neutralizing substance against visna virus were found
Widely distributed 1n adult human sera and that there was wn

Foont e -

seie jrom chibdren —In an attempt to

charetenize the heat stable substance 1t was first studied whether there
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mho]rmal human sera were obtamed by kind permission of blood donors at the
ood Bank of Statens Serumsnstitut through the courtesy of Dr P Ejby Poulsen
The donors represented the same age groups, ranging from 18 to 65 vears as the
patients from which serum was recessed Sera from children were hindly supplied
by Dr Inger Petersen of the Fnterovirus Department, Statens Seruminstitut

Yeutralization tests —Serial twofold dilutions of the human sera were prepared
in medium 199 and 03 ml of cach dilution were mived with an egual yolume of
visna viras dituted an medium 199 to an estimated concentration of 50 TCIDw
per 01 ml of serum v1rus mixture The pH of the mixtures was adjusted to73-75 by
gassing the tubes with 5§ per cent CO2 1n air After mcubation the serum ‘rus mix
tures were 1noculated 1 01 ml amounts into roller tube cultures using two tubes
per serum dilution The roller tubes were mcubated at 37°,1 first an a roller drum for
tnwo davs and subsequently in stationary racks They were observed for ¢vtopathie
changes at intersals and were hscarded after 14 davs \eutrahzing titers were
caleulated by the method of Karber (5) and are expressed as the reciprocal of the
highest mitial serum dilutinn which completels suppressed cvtopathie changes 1
50 per cent of the 1noculated tubcs

In cach experiment the virus dilution emplosed was mixed with a 1 8 dilution of
narmal sheep serum to serve as a virus control The virus control was titrated at
the end of the mcubation period simultancousls with the moculation of the scrum
virus mixtures isna antiserum no 5383 with a known neutralizmg titer (11
was included as a positive control in all experiments This serum was kindly sup
{alllcd 1;, Dr Patf A Palsson of the Institute for Fxperimental Pathology, heldur
celand

Prior to 1noculation 1nto tissue cultures the serum virus mittures were ncubated
at 37° for 18 hours except otherwise stated These conditions of incubation had
previoushy been found to result 1n a ma<imal neutrahization of visna virus Dy anh
serum with only a shight spontancous mactivation of virus at the serum concen
trations cmploved (11)

RESUITS

Effect of heating the sera 1o 56° for 30 munutes —In mlot expermments
carried out with human sera incubated with visna virus at 29° for 24
hours prior to inaculation nto roller tubes, neatralizing titers varying
from less than 4 to at least 16 were observed in unhealed sera Upon
heating the sera to 56° for 30 minutes before mixing with the virus, the
titers decreased to below 4 However, in serum dilution 1 4 the viral
activity was marhedly rcduced, indicating some ncutralization of virus
by heated sera Inan attempt to merease this neutralizing effeet, serum-
«irus muxtures were mcubated at 37° for various periods of tune before
wmoculation nto roller tubes Table T shows the results of one expern-
ment comparing the neutralizing activity unheated and n heated
era meubated with virus at 22° for 24 hours or at 37° for 18 hours 1t
can be scen that by rasing the mncubation temperature the titers were
considerahly 1creased, both 1n unheated and m heated sera In the
latter, about half of the sera neutrahized the virus 1n dlution 1 4 or
Jugher Thrs experiment shoved that in addition to the “heat-lante”
Lubstance the human sera contaned a “heat~stable” substance shich
neutralized sisna virus during mcubation at 37° for 18 hours The term
“heat-stable” will i the following sections be used to denote the ambity

1o resist heating to 56° for 30 minutes
Compartson of heal-slable neutralizing subslance 10 MS sera and i

1 All temperatures giyen in centigrade
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In an attempt to distinguish hetween these two possihibties, the
neutraliring substance was studied with regard to a few characlenshies
considercd {o he ty preal of true antibodies (4, 6) The resulls, showmng
a} absence of neutralizing activity in the gamma globulin preparation
tested, b) an apparent absence of an age paticrn indicative of mmunt
response, and ¢) resistance of the substance to heating at 80°, seem to
mdieate that the neutralizing substance described 1n the present stuth
was not a true anhibody

Apart from the above evidence aganst an anhibody status of the
neutralizing substance, 1ts nature remains unknown The resistance fo
treatment with periodate indieates that 1t 1s not a mucapolysacehande
(3,7} Furthermore, prehminary cxperiments carried out to studs
whether we were dealmg with viral mactivating hyds (1,13, 14) were
negative

SUMMARY

The majority of human sera studied m neutralization tests agunst
visna sirus were found to contan substances which neutrabzed the
virus These secmed to be of two hinds, one which was nactivated by
heating to 56° for 30 minutes, and another which was not affected by
this heating The latier substance was most easily detceted after -
cubation with virus at 37° for 18 hours 1f was found as often m scra
from normal blood donors as 1n sera from pabients with multiple sele
tosis Tt was found w sera from children ranging in age from 2 months
to 11 years and no typieal age pattern could be demonstrated The hent
stable factor was not found mn preparations of human gimma globuhn
and aparently 1t was not destroyed erther by heating to 80° for 30 mi
nutes, or by treatment with trypsin, periodate or cthyl ether 1t 19 con-
cluded that the heat-stable substance most hikely 15 a non-specific 1n
hibitor of visna virus
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Hcmopinius mfluenzae (Pleiffer s bacillus) has been the subject of
gre 1t mterest in medical bacteriology not onlsy earher, hefore the Inj o
thests of the org 1n=sm s pramary cnusal agent m eprdenne mfluepz
was Ninally abandoncd but also during recent times when at Tias been
recogmized 1s sole pathogenie agent m certun conditions of 1 septy
cnemie nature notably merungitis and septicaenne Liryngatis It seems
also anere wingly clear thit st plaivs an unport ing role m 3 seres of less
dramatic mfections of the respiratory triet and ats adnexa

The earhier Iiteriture on H anfluenzae s bean thoroughly roviened
Dby scveral wthors (Scott 1929 Fngb ol 1949 Walson & Wiles 1900 pp
896 925 Alexander 19,8 Zinnemann 1960) and readers are rcferred
to bibliogr iphics found 1o these worhs

The finding that certan conventional serologie ! procedures such as
1gglutin thon penerally vielded inconsistent results was the object of 2
wenies of studies (Park Walllams & (ooper 1918 at Wison & Wiles
1955 p 909 Anderson & Schultz 1921 Yabe 1921 hrah 1930 Yag
(= Irul @) 1935 1938 Platt 1937) Such results pertuned to wh wws
customarily cilled R struns The so called S struns mostly 1sohited
from cases of meningthis on ihe other hand prescnted a more orderly
prcture (Poutsty & Denny 1921 Rwers & hohn 1921 Pulman 1929
1931 Fathergl & Chandler 1936 Wilkes W etss 1937 Fnybuh W91
19,0)

More recently the hine of work on the scrology of H mflutnzic hs
been dirceted tow wrds mmunochemie 1l questions (specially the | rob
of the chamieal composition of the diffcrent s caific saluble vl
I 1930 Alexander & Hewdelberjer 1040
lexander & I euly 1946 MacPherson 1918)

Zamenhof ey [ dzgerald Alexander & Chargaff (1953) showed
it the capsular type speeific substance of type b wis 1 poly riho
phosphate and thus 1 polymer of comewhat unusunl composition
7amenhof & § evdy (19,4} teported further ivestipations on poly mibo

lem
stances (Dingle & Totheryt
VacPherson Hewdelberger A
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phosphate from H influenzae tipe b and on poly sugarphosphates
from tyje a and type ¢ Rosenbery Lewdy Jaffe & Zamenhof (1961)
published the results of myvestigations on the type specific substances
of type e and type  They showed that the £ype e substance contrast
to the other type spectfic sul stances t d two hande
comyonents glucosamine and a hexose hut no 1hosphate The type f
substanice apparentls was composed of disacchande units of \ acets]
glucosammne linked through phospho diester hnhages

The umque composition of the specific capsular substance of tvpe ¢
had been indicated earlier by W thamson & Zinnemann (1921 1904)
Thev reported the occurrence of two distinet type speeific compenents
as demonstrated by serological techmque and discussed a possible
analogy with the phase varnation in Bordetella pertussis

PURPOSE AND PLAN OF THF INVFSTIGATION

At this stage some remarhs must be made on termunoltogy Unless
otherwise stated the termm: mucoid (M) smooth (S) and rough (R)
will be used m this study in describing morphological vanants This 15
mn agreement with the prineiples followed by Chandler Fothergdl &
Dingle (1939) who postulated a range of vanation from M through S
to R charactenizing all serologically typable (Pittman fvpes) menmgitie
strans as M strams the common respiratory strains as S stramns and
as R strains only strains with a tyyical rough morphologs The men
tioned use of termint 1s 1n discordanee with the practice adopted by
Pillman (1929 1931) and others who preferred to call the morpho
logically mucord variant smooth or § W uson & Viles (1925 r 32%)
1roposed to reserve the words mucord smooth and rough as morpho
logical deseriptves exclusively and to use the letters M S and R as
designations of antigemie vanants thus dissociating these two sets of
termini from cach other This system appears somewhat artificial and
will not be adhered to in the subsequent studres

The followiny, pomts are fund
amental in the discussion lead
working hypotheses and plans e

1 The M-SR Var at on as a General Phenomenon 1n Bacter ology
Inmaa  ean -
entat
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Her results were confirmed by Platt (1937), Chandler, Fothergill & Dingle {1939)
The Jatter authors used, however, another terminologs 1n the description of variants
(sec above)

According to these results H influenzae would fit well nto the general M S R
vamation scheme

2) The Shiny Appearance of the Smooth Colony

This type of colony 1s remarhably lustrous, and scarcely deserves the deseriptne
“rough * as used 1n the Pittman terminologs (Chandler, Fothergill & Dingle 1939)

3) The Presence of Type Specific Capsular Substance in Experymentally Produced
Varants

VacPherson (1948) has shown that considerable amounts of tvpe specific sub-
stance can be extracted from intermediate forms during experimental comersion
from M to R, even at a stage when a capsule can no longer be detected by other
methads

4) The Apparent Virulence of the Smooth Form

As alreads mentioned 1n the introductory remarks 1t seems that H influenzae
plavs an important role in infections of the respiratory tract, espeaally such 25
rhinopharyngitis sinusitis otitis media and bronchitis This pertains also to the
commonest form, 1 e the smooth variant (Schafer & Martin 1959, Zinnemann 1960
Edlund, Richtnér Tunevall & Wasserman 1960)

These points would serve to illusirate the paradoxical situation con-
cernming the serology of the S-form of H nfluenzae, and represent the
basis of the following matn questions

Does the S-form of H influenzae possess superficial antigen(s)
which, 1n conformance with general bacteriological prineiples, would
explain better 1ts colonial morphology, and apparent pnlhogcmcx!}7

Is the variation pattern in H influenzae reflected 1 changes m the
equipment of more deeply situated, or more firmly bound, antigens
(in this study called somatic antigens)?

The purpose of this study would then be to mnvestigate
(a) the occurrence of superfictal antigens, especially of type specific,
capsular nature, 1n a collection of H influenzae stramns (and a Iunited

number of strains of other species)
(b) the occurrence of somatic antigens i sclected strans of the

materal

The following general plan has been established for the study

(a) Basic characterization of the matenal of strams

(b) Exammation of the type speeific antigens by means of the cap-
sular swelling method, and, after adaptation of the technique, by means
of the gel precipstation method

(¢) Evaluation and comparison of the two scts of results

(d) Search for other antigens by means of the gel precipitation and

the smmunoelecirophoresis method
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COLIECTION AND CLASSIFICATION
OF THF MaTERIAL

“The matenial fonsists of Haemoplulus strains of the following categories
; et Oslo
as of practiLiopers
ounag ditncts
The colfection of strains has continued from Gt uet sss February 1361 apd
has meluded a total of 212 strainy
The 1salations hate been made during the ordinary {nuh:c r\:lamlg on :;‘le bnsisl
logrcal = Mural propesties Al iy stage the mo
of characteristie morphological and enltural propertis M e ies 1955
. shenomenen
a staphylo
) sur {Schaub
ecessary the
secondary culture has fiten been lawd on ordimary Blood agal
' o an a nwact ral hawrs without apy precanceived
not been within the
first hundred strainy
. hat duning this persod
ihe majority of strains of Haemophilus oceurring in the laboratory has been in
eluded The second hundred strains are approximately evenly distributed o the
remataing period Durigg this time the selection bas been slightly more concentrated
oa ) mucerd strains I haemolytic strains

. antages
and It - > 1938
Heckiy ‘ 1938)
A nur

- rder to
TeduTe L & MM I T BRIDBeEr ol Detessary tramsfers durng the work. \o Straie
u3ed i the study has Peen subcultured more than five times

W hereas the preliminary examunation of the stramns has been done
accarding to the panciples mentoned above, the final diagnosis has
mcludett seseral other praperties, and has essenbally heen made n
accordance with Alexander (1928) In the following an account shall
be given of the single properlies used for classification

1) Worphology

v} Colorial morphology Lircular, opaque to franslucent colonies
with entire edge and a more or less dense cenler In the S-forms the
edge was often splaved out and the center a hittle ra1sed The diameter
lni been estimated at 02 to 20 mm after 18-20 honrs’ meubation at
37° C Ths pertams to the diameter of the largest colomes as near gs
passibile ta the staphylococeus streak Dashinction has heen made be-
twecn mucoid (M), smooth (S), and rough (R) appearance of colonies
according to Ghandler, Fothergill & pingle (19393 The presence or
Al‘anco of 1rudeseence of the colomes on Levinihal agar {Levinthal
1918 Alexander 1958) bas been noted (Scoft 1929, Prtiman 1929
This character has been ohseryed on 18-20 hours’” ’cultur S Wil o
m;.xnﬂrmonl of Light as shown w Fuyg 1 i an

t was necessary as A fule b view the plate frod
within the angie v to find the posiion of mlnxnmumr:‘ng;?::;x ?{'gﬁ:
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« l,l\,‘\ / Reflected

______ - Direct light

Fug ¢
Arrangament for examination of ridescence

also often adyvantageous to vary the angle at which the plate was held
m the ray of hght (Cngbaek 1949)

b) Microscopical morphology The well known polymorphism within
the genus Hacmophtlus from species to spectes, or from strain to stram,
as well as withm the same stran under different conditions, made 1
mucroscopical elassification difficult Two main groups, howeser, have
been distingmshed The first group consisted of short, coccobacillary
forms with estimated dimensions of 03-05p X 1 ¢ Often these forms
were mungled with longer bacillary forms of the same general width
In some strains bacillary forms or even filamenis were provalent
The sccond group consisted of coarse bacillary forms, some times up
to 1 ¢ broad and several g long The typieal H influenzac and for the
most part also H parmnflucnzae are examples of the first group,
H parahacmolyticus (and the two strans of H haemolyticus) of the
sceond group These findings are in good agreement with the descrip-
tions found 1n the hiterature (Iwers & Leuschner 1921, Locwenthal &
Zurukzogla 1928, Smith 1931, Wilson & Mies 1955, pp 897 899 and
pp 917 918 Alexander 1938)

The mucroscopical morphology has hcen exammed both n wet
mounts by ordmary and by phase contrast dlumination, and after
Gram stammng Dilute carbol fuchsin has been found most satisfactory
as a counterstamn (Pfeiffer 1893), but safranin has also baen used The
absence of spores and of active motility has becn noted

2) Nutritional Requiremenls
a) Acrobiosts Allstrams grew well under atmospheric oxygen tension
b) Requirements of growth factors The necd of the so-called -
factor (haematin or rcdlatcd compounds) and the V-factor (di or tri-
phosphopy ridine nucleotide) 1s well established (Dams 1021, I'ildes
1021, 1922, 1924, Thyotta & Avcry 1921 Lwoff & Lwoff 1937) The
faclor requirements has been carried out
deseribed by Piclkelt & Stewart (1953) It s
Sarcina lutea)

determmation of growth

according to a procedure
based on the observation that catalase producers (e g
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supph both M- and V-factor, whereas eatalase non-producers (eg
Strepococcus frecahs) provide only V-factor durmg growth The
grownth requircments of a Haemophilus stram may thus be observed
by registering the presence or ahsence of satellifism near colonics (or
streaks) of Sarcina lutea and Streptococcus faccahis, when grown on a
medwm otherwise devord of the mentioned growth factors As a
medum for such experiments the Heart Infusion Brolh (Iifco) with
15 per cent agrr has been used LY

{ccordmg to the principles referred to above a classification of the
strans has becn made, and the results are summarized in Table 1

TABLE 1
Distributron of the Matertg] of Stratns decarding to Sy ectes

Species N\umber of strains
H mfluenzae 163
H parainfluenzac ; 196
. 24
13
3
Total 22

Table 2 shows the distribution of strains according to ongin of the
pithological matenial, and bactersal species It also shows the number
of wsolations of H influenzac made in pure culture It 1s scen that a

majonity of the strans of H influenzac has been 1solated from the
upper respiratory tret and from eerebrospinal flusd

TABLF 2

Distributton of Strains According to Qrigin of Pathological Matertal
and Roetersal Species

rign 1 " 5t H I
ara w
nfl hora haem . Jara tals
N
Threat 92 (19) 3 1 8 107
Sputum 3 (0 1 10 1
Bronchus 1 {g)) 1 6 1u
i PR P
Conjunctiva 10 (0 1 n
Vagina oy 3 3
Cercbirospinal flusd 1M 1 by
Blo 4 l; (1;\) 11
———— Py
o ——
163 (39) 1 2 24 196

The Tigutes in brachets represent 1

(shown o he sumber of prim:o is Tatiins in pure culture

Ny 0 H influenzac
18 acraran 57 3
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As concerns H nfluenzae 1t 1s also scen that there 1s 2 greater
tendency towards 150l thion in pure culture from the upper parts of the
respiratory tract and adnexa (nose, winus, and ecar) than from the
lower parts (throat and bronchi), where H influenzae has been found
i mixed culture in all eases In cercbrospinal flud and blood all 1so
lations have heen made 1n pure culture

Table 3 presents the distribution of strains according to speeies and
category of varation (colonial morphology)

TABIT 3

Disteibution of Strains According o Spectes and Category of Varabon
(Colomal orphology)

Species Maged | Smooth ’ Voush Totals
H influenzac 60 102 1 163
1 paranfluenzac 7 7
H hacmals ticus a 2
H parahacmolsticus 3 15 6 24
Totals 63 126 7 196

The table shows that out of a total of 163 H influenzac stramns 102
are S-strains, i spite of the fact that the M-form was merrcprcqonlcd
during the collection of the material (see above)

The mneidence of mucoid growth and 1ridescence, and the comcidence
of these two properties, are shown m Table 4

TABIT 4
Incid nce and Cotneidence of Viucard Growth and Irilescence tn tito
Haemophilus Species

\umber of strains showing

o ecies et ———
be Mucod growth | Mucor1growth | Iri lescence
~+ ndescence | alone
H mflucnzae 51 9 2
3

H parahaemclsticus

1t should be pomnted out that the examation for indescence has
been made after 18 20 hours incubation not after about 8§ hours as
recommended by Alerander (1958}, see ilso Lngb ek (1949) The taible
<hows thit there 15 no complete correlation between trdescence wnd
mucoid growth under these conditions

Under otherwise amilar conditions (as ncr as possihle fo the
st 1iphylococcus streah on blood agir) there was 1 defimte rclationshep
Detw cen category of colonal variition (M or 5) and estimated dinmefer
of the colonies In the majonity of M-struns the drameter Was betwecn
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1 and 15 mm, whereas 1 vost of the S-stramns the diameter was be-

tieen 5 and 1 mm On the average the diameter of the M colomes
arly twice the diameter of the S-colonics

“a‘;‘:ec dls)!nbu\wn of the merphotogical sariants according to 1solation

wn pure, respectn ely mreed, culture 1s shown an Table §

TABLY 3
Distsibution of M nfluen=ae Strains According fa Calegory of Vanation and State
of Primarg Isolatior (Pure or Vised Cullure)

Sumber of strains
Category ot
Tariaton Pure Mixed Totsls
culture coitare
60

Mucord (M) 25 3a
Srgoath (§) 3 68 162
Roush (R t
Totals 58 104 161

1t 1» noted that one third of the smooth stramns have been 1solated 1n
pure fulture

‘The whole material has been screened by direct haemaggiutmation
tosts (human tipe O erythrocytes) to sort out eventual stratns of H
acgyptwms (Breed, Vurray & Smuth 1957, Wilson & Miles 1955, pp 918
919) No such strains have been found

DISCLSSIoN

3L has heen shown by many workers that the S forms are the yvanants
most frequently 1solated {rom normal as well as from pathologreal
conditions Thus Sfraker (1945) described the resulls of scrological
tymiog of memngiue strans and strains from the respirators iract i
school boss, children n an orphanage, and healthy adualls Even
though she was able to ysolate a considerable number of M strains
tespecially among the children), ihe great majority of strans were
S-<trains

Engbadk (1919), in a serologreal studs of H influenzac, found only
a munor part of hus collection of struns from pathological processes
to be typable M.forms

It ss thus an aceepled fact that S-forms are

quently isolated, also when thol

the vanants most fre-
1 1 1

! g are
stparaitly While the most dramatic elinical mclures are caused by

M forms, they are numencally surpassed ty mare banal condibions

such as sinusites, obitis medea, rhinopharyngitis, and bronehytis, con-
dilions 1n whieh S forms are predominant ’

The present waterial sefies as a
E sood Mastration of the prepo
derance of the S-form Table 3 shows that out of a total cl'plleig {,(

e
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As concerns H influenzac 1t 1s also seen that there 1s a greater
tendency towards 1solation 1n pure culture from the upper parts of the
respiratory tract and adnexa (nose, sinus, and car) than from the
lower parts (throat and bronchi}, where H influenzae has been found
i mixed culture 1n all cases In cerehrospinal fluid and blood alk 1so-
lattons have been made in pure culture

Table 3 presents the distmibution of strains accordmg to species and
category of variation {colomal morphology)

TABLE 3

Dustribution of Strans According to Species and Category of Vartation
(Colontal Morphology)

Species Macond f Smaath J Hough l Totals

f
H influcnzae 60 102 1 163
H paranfluenzae 7 7
H haemolvticus 2 2
H parahiaemols ticus 3 15 [ 24
Totals 63 126 7 196

The table shows that out of a total of 163 H nfluenzac strains 102
are S strains, n spite of the fact that the M-form was oyverreprescnted
during the collection of the material (sce ahove)

The inctdence of mucoid growth and iridescence, and the comcude
of these two properties, are shown in Tablc 4

nce

TABLE ¢
Inctdence and Cotnerdence of Mucoid Growth and Iridescence tn two
Haemophilus Spectes

i \umber of strains showmg

) A -
Specles ucord growtt | Vucoud growth | Iridescence
+ indescence lone ‘alone
H nflucnzae 51 9 2
3

H parahaemolyticus

It should be pointed out that the examnation for iridescence has
heen made after 18 20 hours’ incubation not after about 8 hours 18
recommended by Alerander (1958), sce also Lnghah (1949) The table
shows that there 1s no complete correlation between iridescence and

mucord grow th under these conditions

Under otherwisc similar conditions
staphylococcus streak on blood agar) thcre was 1 defimte relationstup

Detween categord of colomal vanation (M or S) and estimated dhameter
of the colonies In the majority of M strams the dinmeter was betwcen

(as near as possible to the
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mfluenzae strains 102 were S-stramns, and from Table 5 1t 15 scen that
41 (about one thurd) of these strains hive been recosered m pure
culture, thus supportmyg the assumption of a more dircet sl con
nection between the S-form and the pathologieal process at hand 1t
should be stressed, however, that wsolation, even m pure culture, docs
not per se allow defimile conclusions to be drawn as to the actiolodieal
role played by the orgamsm m that parbicular case

It 15 1nteresting to note that there 15 no complete purallel between
mucotd growth and irdeseence in H influcnzac (Table 4) Thrs may be
due partly to the use of the long imcubition of 18-20 hours The pheno
menon of iridesccnce has been explamed by assuming a parteulir
spitial arrangcment of the single cells in the colony (Engbah 1949)
It 14 possible that this arrangamont persists only f(;r a certan penod
during the growth, whilc the mucoid property mn gencral remamns more
or less permanent

The cxwtence of iridescence alone without muecoid growth 1s more
difficult to interprct The characterization of a colony as mucord must
neeessanily be arbitrary, based on quanhitatne rather than qualitaine
criteria It 15 thus possible that the two strams demonsirating in
descence alone, have reached the necessary spatial arrangement of cells
while still possessing so small amounts of capsular substance as to Tead
to thetr grouping i a non~-mucoid catcgory

SUMMARY

Based upon a short revtew of carbier hiterature the relationship be
tween antigenic structure and morphological vanation in H influenzac
1s discussed, concentratimg on problams connected wath the smooth (5}

vartant A plan of study 15 presented
The collection and classification of the matcrial of struns s de-

sembed, and results are discussed supporting the assumphon of the
relative 1mportance of the S form 1n pathological conditions
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The capsular swelling or “Quellung  reaction was first described by
Nenfeli (1962) For many jurposes this type of anbigen antibody reae
tion is unsurpassed because it enables the investigator to observe the
renetion micros¢opically 1n a single bacterial cell Most other methods
arc tume consuming and necessitate the pref aration of greater amounts
of antigen For these reasons th¢ method has hecome saluable m the
diagnosys of cerfan acute infectious diseases 16 mas thus have been the
only practicable method for a rapid t3 ping of pneumococer 1 the sero
therapy of pneumonia used earhier (1 ifson & Viles 1920 p 684)

The capsular swelling procedure may be performed 1 hacterial cul
ture or directly in pathological materal (from the patient or after pas
sage through an exjerimental ammal) In general the enltural method
provides more controllable conditions but 1s said to favour the desclop
:ncn\] of B yvanants a0 contrast to the method using pathologieal ma

ertal

As udged from the literature the tendency towards R vanation 1s
considerable in H wfluenzae under subeultivation (Tesdal 1932 Fother
ot & han lter 1936 Chandler Fothergil & Dingle 1939 Tupevall 1902)
Prehminan expenments w the present study were carrted out to exa
mine this jossibilily 1t was found that fype struns of H§ nfluenzae

presenved their type spectfic property apparently unchange #in - 1
swellin~ «

colcts
ehme “

wittiion te that cultural methods are
well suited for the preseriation of 1vne sner F by
.

cu " oose
ir . The
1949

219



278

Rosenberg b Tewdy G Jaffe F & Zamenhof S Studies on tvpe specific substances
of Humophilus influenzac tvpes e and f 1 Biol Chem 236 2841 2844 1961

Schafer W & Martin I Oher den Wert von H influenzae Refunden ber bakterio
logischen Sputum Untersuchungen Z Hyg Infektionshr 146 77 83 1959

Schaub I € & Foley M R Dingnostic bacteriology 4th ed The € % Moshy Go
St Touis 1952 356 pp

Schmidt B Feldmann S & Dobberstern If Untersuchungen zur Frage der Ande-
rung der biologischen Figenschaften von Bakterien nach Trochning und Ge
friertrochnung /b) Baht (Orig) 172 573 580 1958

Scott W M The influenza group of bacteria Pp 326-394 1n Vedical Research
Council A svstem of bacteriology 1n relation to medicine His Majeshvs
Stationers Office 1ondon 1929 vol 11 420 pp

Smuth M M Observations on Baaillus (Haemophilus) influenzae with specis!
reference to morphology and colomal characters J Hyvg (I ondon) 31 321-33%

1931

Straker ¥ 1 Sernlogical typing of memngenl stramns of H influenzac 1ancet 238
» 817 1945

Thjolta T & d1ery 0 T Studies on bacteral nutrition 1T J Fxp Med 3% 45
166 1921

Willes Wetss D A comparison of meningeal and other strains of H influenzae 3
Infect Dis €0 213 222 1937

Welliams n G M R Zinnemann K The oceurrence of two distinet cap sular antigens
m H nfluenzae type ¢ strains J Path Bact 63 69> 698 1951

Wilhamson ¢ M & Zinnemann A The degradation of Haemophlus influenzae
type e capsular antigens J Path Bact 68 453-457 1954

Walsen 6 S & Miles A A Toplev and Wilson s prnciples of hactersology and
immuntty 4th ed Fdward Arnold Itd Londenr 1955 vol 1 1106 pp

Yabe S Grouping of influenza bacilli Brit J Fxp Path ¢ 197 204 1921

Yagr A (= It uka A) Immunisatorische Einteilung der Influcnzabazillen Z Im
mun Forsch 8 75 79 1935

Zamenhof S X Leidy G Further studies on pcIvriboj hosphate and other | olssugat
phosphates 1¢d Proc 13 p 327 1954

Zamenhof S lewdy G Ful gerall P Alexandcr I E & Chargaff F Polyribophos
1hate the type specafic substance of Hemophilus nfluenzae tyvpe b J Biol
Chem 203 695 704 1953

Zinnemann A Haemaphilus mfluenzac and 1ts pathogemicits Ergebn Mikrobiol
Immun Forsch Lxp Therap 33 307-368 1960



281

A that better growth was obtaized 1n the broth (Levinthal }roth

Il.lr\l l:la;al(ol‘;‘]\B Alexander 19‘;3)) when the tubes were incubated 1n oblique nc{zrl\
horizontal position and were shaken occasionally so as to secure & great sur ace]
volume ratio and thereby better aeration An incubation period of 46 hours was
fauad most favourable In most cases st secured sufficient growth and good develop
ment of capsules—w hen such sere present—at the same tinte as it was short enough
to present inhibition phenomena such as might be found when too much precipitable
substance had passed :nto solution One drop of broth culture was mived with one
mined microscopically usually

ilummation The addition of

later omitted as 1t apparently

The prelyminary expermments established that the broth culture me
thod was the most swtable one for the purpose, also heeause the fluid
cullure medium was easier to prepare and handie and this method has
then been adhered to m the subsequent work

Eslablishment of Reference Systems of hnown Serological Types

The prelimmary trials described above had been carried out with the
best tyvy e systems avalable at that ime 1 e the 2 and b systems After
choosing and adapting the practical procedure for eapsular swelling
tests however 1t became necessary to establish reliable standard 5)s
tems for each one of the known serological tspes a b ¢ d e and f

Anfigens These were prepared from type strawms kindby provided by
dr Engbeh Statens Serummnstitut Robenhavn The strains were re
cenned 1n freczedried state (date of freczedrying 13 Nov 1951), and

shall be referred to 1 ths study under the designations mdicated in
Table 1

TABLF 1
Desigs ation of Type Reference Stra ns
Trpe Designation
a a 51
b b 5
[3 © 51
(: d 51
e 51
r {51

“Thc, type reference strans were subcultured once and froas 1-

Omlgng 1963 4 HmePls desenbed i aprevious articte

"mlrnlx.;lrml Prelininary trials were made With 1y pe sera supplied com

“1g:|:l‘;1‘r:";xurrnug:u \\hellcomc Fnglwnd These sera were lahelledt
serd by the manufacturer a;

wnequent hae er and were not used m the

1l was planned that all later mestigations should be based on the
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Tuncvall 1952, Rogers & Zwmnemann 1958), and prelimmary expent
ments had to be carncd out to deerde which method to adapt m the
plannad imvestigations

FXPFRIMENTAL

Prelminary Fxpertments on the Capsular Swelling Method Using Agar Microscopy
(Fagba h 1949 Tunevall 1952)

The procedure 1+ based on the employment of Orshoy s agar mieroscopy The
antiscrum s applicd directly on the agar culture surface so thut the capsular
awelling may he observed with the organisms 1n situ Tunevall’s modification cot
sists of the pouring of the agar direetly on microscopical shides 0 as to facilitate
the observation

[evinthal agar has bun used n the following experniments (Iet tnfhat 1918
tlexander 1958)

A hnown type ssslem was used to trv out the methed but at caused difficulties
to scenre sufficicnt humidits during the cultnation The avrangement shown it
Tig 1 was found satisfactory

The mncr Petrr dish was thus comverted mto a moist chamber

inner Petrt dish (tid)

P

outer Petri dish

filter paper

water

T slide culture
Fig 1
Arrangement for shide culture of H influcnzac

/drop of agar

Fig 2

\pplhic ttion «f agar on shde (shide cudturd)

In a scries of (xperiments 2 mdification Wos tricd in which the agar was applied
onto the shide i the manner used when preparing hlood smears as shown i kig 2

The vers thin agar laver used im the cxperiments could not be cvpected to supph
nongh nutmte matersal for 1 longer period of mcubaticn However as it was the
gnestun of shert incubation (4 6 hours) no problem was met with n this ccn
pection The advantage of the madification was that 1t provided a thin and lewd
Javer of agar facilitating tocusing and microscopreal « bservation

Prchomunary Fri ertments on Capsnlar Swelling Methods Using Cultu atren tn Broth
‘ ¢ {lexander 1958 Rogers & 7Zinnemann 1958)
th a drop
Js consist essentrally 1n miving a drop «f broth culture wi
f’”::‘(:g(‘:ncr:"::ln:l observing the capsular swelling microscopicalls on a shide
of a
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TABLF 2
Type Reference Systems for Capsular Swelling Tests
tar yn elling (e
Type Antigen | anitserum ‘ R e rum nation)
asl 3 1 160
l: b 51 5 1 320
3 c 5l 15 1 320
d a5t 16 1 320
€ e sl 9 1 320
4 151 0% 18

cutting an ¢ ir vem with a razor’s blade A technique has also heen wsed
which to the author’s knowledge, has not been deseribed for such pur-
poses earlter It consists of puncturing one of the car arteries » ith a fine
needle (gange 20 or Diner) The advantage of this techmque 1s that
the Blood 15 obtained under entirely sterile precautions The preliminary
Aests for potency hase been carmed out with the capsular swelling me-
thod, and later during the study by means of agar gel precipitation

The type systems ndicated 10 Table 2, have heen selected as cefer-
ence systems for the examination of the matenal of strains

‘These “sstemt were set up after crass-matehing type antigens and
type antisera in all possible comnations Out of several sera for cach
type, the ahove Disted hase heer chosen, hecause they have given the
most distinel results Capsular swelling titres arc shown in Table 2

0 these systems the capsular swelling reactions were easily ohserved
m the homojogous combinatieas, whereas no such reactions were scen
n heterologous comhinations However, inherent difficulties are ol
ved 1n the obsersation of capstlar swelling systems tn general In any
particutate system m flusd halo effects will complicate the picture In
c1ses presenting great capsular dimensions, these aplical effects do not
canfuse observation, but 1n cases of moderate or thin capsules 1t may be

open to discussion shether penpheral oplical phenomena are duc to
capsular swelling or to such unspecifie effects

RFSLLTS
Application of the Capsular Swelling Method on the Material of Strqins

Table 3 shows the distribution of the matenial of colleeled H -
{hu‘nzno \!r{u;‘ drwrxl‘md 1n 2 provious paper {Omdand 1963y accardmg
o ongm of the pathological matersad and serot: ¢, as determ
capular swelling tests 51’ fermined by
Yigures 1n brackets represent oy

pinvocal results, and it 1s seen from
the table that the numbers of such results constitute more than one
!onTrlh ol the fotal number of typable strans

ables § and 5 show the distribution
of 1ypes by cal

m pure, respectivel mixed, culture ypeshs categors of sanagion,
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use of hyperimmune rabhit sera, and in the following a detailed desenp
tion shall he given of the preparation of such sera

Albmo rabbits weighing about 2 kg were selected for moculation
Carce was taken that the antigen to be used had undergone as itle
denaturation as possible Consequently 1t was decided to use lne orga
nisms 1n the logarithmic phase of growth As it was deaisive fo presernie
the capsular antigen, which ts shown to be 1n optimal condition only in
very young cultures (Engbrh 1949), 1t scemed particularly important
to adhere to such principles The following practical procedure vas
adopted. Freezedried orgamisms were seeded direetly, or after one sub
culture on blood agar, onto a plate of chocolate agar (heated blood agar)
and mncubated for 6 hours at 37° C i a mosst chamber A Gram-staned
smear was examined as a control of contammants If found satisfactory,
the growth was harvested in about 2 m! of sterile ]lh}';lOlOglCﬂl salme
and a measured volume was inyected without further treatment ntp an
car vemn of the anumal During the first part of the study the opacity of
the suspension was measured by means of a colorsmeler (model B
Lange), and adjusted to the equisalent of 1000 nmlkons staphylococet
per ml (1e about 3000 millions H nfluenzac per ml) (Cunningham &
Tumothy 1924, eit Mackie & McCarlney 1953, p 275) During the later
stages of the work this adjustment was omitted, without apprectable
coffcet on the results The volumes myected have varied from 005 10
10 ml, howeser most frequently starting at 010 ml and finishung at
050 ml, with gradual merease during the series The intervals
between the inoculations have ranged from 2 to 6 days, except for occa
sional longer pauses The animals have recened from 10 to 25 noculr
tions (average about 15), 1e from about 3 ml to about 75 ml anhigent
suspension The bleeding (heart puncture) has ordinarily heen started
after 8 to 10 mjections During the period of bleeding the anumnals hae
recenved one myection weekly, and the bleeding has been performed 45
days after the injection A weight record has been kept for cach ammal,
and the moculation schedule has been mterrupted in ease of weight de
crease, suggesting that the immunization has not heen well tolerated
Only very few cases of serious complications have oceurred, and the
most obvious pathological feature has been paraparesis of the hind legs
as deseribed by Tesdal (1932)

The serum portions have been machated at 56° C for 20 30 mnutes,
aud all satisfactory portions from each animal have been txed mto 2
serum pool, and labelled with the code number of the respectinve amimat
The acra have been hept 1n frozen state (—20° C) i small portiens, SO
as to avoud repeated freezing and thawing during the work In most
mstances a preseryative {Merthiolate “Lilly”) has been added to the
serum pools before storing

During the ummunization prelimmary tests for potency of the sera
have been earried out For this purpose only small amounts werc
needed, and have been obtamned partly by the conventional method of
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TARLY 2
Tupe Reference Systems for Capsular Swelling Tests

1 ing it
Type ! Antizen | Avtiveram [ i
o 3 1160
: e e 1320
320
b <51 15 1
e 16 122
a 20
M en 3 H
t £51 10 18

cotung an tar xem with o razor’s blade A techmique has alsa heen used
which, to the author’s hnowledge, has not heen deseribed for such pur-
poses earher It consists of puncturing one of the ear arteries with a fine
needle (gauge 20 or finer) The advantage of this technique s that
the blood ss obitamed under enhirely sterile precantions The prehimanary
tests for potency have been cartied out with the capsular swelling me-
thod, and later dunng the study by means of agar gel precipitation

The type systems sndicated 1n Table 2, have been selected as reler-
ence systems for the exammation of the materal of strams

These systems Wwere set up after cross-matcmng {ype anhigens and
type anhisera sn all possible combinations Out of several sera for each
type, the above listed have been chasen, hecause they have guen the
most distinet results Capsular swelling titres are shown in Table 2

In these systems the capsular swelling reactions were easily obsemncd
w the homologous cominnations, wheteas no such reachions were sven
1n heterologous combinations However, inherent difficulties are invol
ved tn the obsenvabion of capsular swelling systems in general In any
particulate system m fluid halo effects will comphicate the picture In
cases presenting great capsular dimensions, these optical elffects do not
vonfuse obsersation, but an cases of moderate or thin capsules 1t may be
open o discussion whether peripheral optical phenomena are due to
capsular swelling or to such unspeeific effects

RESULTS
A pplication of the Capsilar Swelling Vethod on the Valertal of Strmns

Table 3 shows the Gistrihution of the material of collected H 1n.
Hnenzae strams desenbed s previous paper ( Omland 1963) according
to onigin of the pathologiea) material and serofype, as detetmined by
capsular swelling tests )

Figures m brackets foprevent equinoeal results,
» and 1t 15 seen from
the tahle that the numbers of such results consiitute more than one
fol'lrrlh of the total number of typable strains
ables £ and 5 show the distrsbution of t
yDes by catego
0 pure, respeetisely mixed, cultury > §ory of anation,
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TABLF 3

Ihstribution of H infliuenzae Strains iccording to Origin of the Pathological
Material and Serotype as Determined by Capsular Swelling Tests

Serological ty pe

Ongm
a f e el e
Nose 3(2) 8(3) 0(1) 2(O)
Threat 0(0) 0(0) 0(0) 0(0)
Sputum 00y 0(1) 0(0) 0(0)
Bronchus 0(0) 0(0) 0(0) 1(0)
Sinus 1(0) 0(1) 0(0) 0(0)
Far 0¢0) 2(0) 0(0) oO(1D
Conjunctina 0(0) 0(0) 0(D) 0(0)
Vagina 0(t) 0(0) 0(0) O(0)
Cercbrosp fl 0(0y 7(H) 0(0) 0(0)
Blood 0(0) 1(0) 0(0) 0(0) 0() 0 1(0) 2 0
Totals 4(2) 18(9) 0(1) 3(1) 6(1) 5(0) 36(14) 163 22

Iigures 1n brackets cquivocal results
¢ Calculated from the unequisocal results

TABLE {
Distribution of H influenzae Strawns Isolated wn PURE Culture According fo
Category of Varsatton and Serotype as Determuned by Capsular Swelling Tests

seralogical type

I . .t ce |

Marphology - ‘ 7 7 by

a b c q e r =2

[ =2
\Mucord 1) 12 0 0() 2(m 1(0) 16(6) 3 28
Smooth o o(¢n 33 H
Rough 0
Totals 16(7) 36 59

Figurcs 1n brackets cquivoeal results

TABLF 5
Distribution of I influen-ac Strawns Isolated n MINED € alture Accordung to
Category of Vartion and Serotype as Determencd by Caj sular Swelling Tests

| Serola ical type [
Morphology ., J o | . . *' 3 Eg g
[ ~ &
2
Sronth BOgE O e e e RE 2;
Rough
Totals 20(7) 77 104

Figures in brachets equinocal results

~
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It 1s secn that a fotal of 13 M-strams are untypable by capsular swell-
g tests, while on the other hand 3 S-strmins are typable (doubtful
type) Altention 15 called to the finding that as many as 33 untypable
S strains have heen wolated 1n pure culture Thirty of these stramns
were from the upper part of the respiratory tract and adnexa (nose,
sinus, and ear) This chservation 15 an exlension of the findings de-
seribed 1t a previous article (Omland 1963), underhning the registered
preponderance of § forms

DISCUSSION

Among 163 H nflucnzae strans 36 were ty pable by capsular swelling
tests 122 per cent) In addition capsular swelling reactions were regis-
tered 1n 14 of the strains, although the type was uncertain

The most common ype was type b The other types occurred by de-
creasing frequency as follows ¢, f, a, d No defimite type ¢ stramns was
encountered The fact that the interpretation of the capsular swelling
reaction was doubiful in 14 out of 50 strans, 1s remarhable, and may
he a reflection of certamn methodological disadvanteges imolied m the
capsular swelling technique

The findings presented in Table 4 and 5, parlicularly as concerns the
S forms, agree with the statement made in a previous article on the
importance of such forms, even though they are ordinanly untypable
m Pittman’s type system (Omland 1963)

SUMMARY

Some general considerations are presented on the capsular swelling
¢ Quellung”) techmique The adaptation of this technique to the study
of H influenzac is deseribed Finally the results of the examination of
the matenial of strams with such techmique, are presented

RFFFRFNCES

Alesander H F - The Hemophilus group Pp 470-485 1n Dubos R J ed  Bactersal

and mycotie infections of man 3rd ed Pitman Medical Publishing Co, L1d
. Londor 1958 820 pp
L R N R * dissocration 1n Hae-
Fghe . . * klionens forleb hos
I ) ' © 4 Biscl heben-
olhergill 1 B & CRandler C 4 Observations on the dissociat

strainy of W [nfluenzac 1 Immunol 31 101 At5 1938 of memngutis
Lemathal W und

tionskr 86 1 24 1918 N
Mackie T § & Uelnrtnon 1 8 1 =it

Z Hyg Infek-

Livsngstons "o . .
Nutd By g Lot

Azglutlaa P .
Omland T 5, studies an | s jofioer

Acta path et microblol scandina &7 26878, 1963 o Te#ted species 1
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TABLF 3
histribution of H influen-ae Strains According to Orgin of the Pathologieal
Material and Serotype as Determuined by Capsular Swelling Tests

Serologteal type

Ongin

N N R R O
Nose 3(2) 8(3) 0(1) 2(0) 3(1) 1(0) 95 21
Throat 0(06) 0(0) 0(0) 0(0) 0(0) 0(0) 3 0
Sputum 0(0) 0(1) 0(0) 0(0) 0(0) 0(O) 7 0
Bronchus 06(0) 0(0) 0(0) 1(0) 0(0) 0(0) 5 20
Sinus 1(0) 0(1) ©0(¢0) 0(0) 1(0) 1(0) 24 12
Tar 0(0) 2¢(0) 0(¢0) 0(1) 1(0) O(0) 10 30
Conjunctina 0¢0) 0(0) 0¢0) 0(0) 0(0) 0(0) 2 0
Vagina 0(0) 0(0) 0(0) O(0) oO() 0(0) 1 0
Cerchrosp {1 0(0) 7¢4) 0(0) 0(¢0) 1(0) 0(0) 14 57
Blood 0(0) 1(0) 0(0) (O 0(0) O0(0) 2 5)
Totals 4(2) 18(9) 0(1) 3(1) 6(1) 5(0) 36(14) 163 22

Figures mn brackets equivocal results

* Calculated trom the unequisocal results
TABLF {
Instribution of H nfluenzae Strawns Isolated tn PURF Culture According lo
Category of Variation and Serolype as Determuned by  ay sular Swelling Tests
Serological ty pe ‘ ‘ [

Morpholagy T — — 4*} - R
a b ( e d e I3 £z
(2223 D | B
Mucoid 1(1) 12(H 0(0) 0(1) 2(0) 1(0) 16(6) 3 2
Smooth LE¢}) 06¢1) 33 34
Rough 0
Totals 16(7) 36 59

I sgures 10 brackets equivocal results

TABLE 5
Distribution of H influen-ae Stratns Isolated in MINFD Culture According to
Category of Variation and Serotype as Determuned by (ap sular Swelling Tests

Serolomenl ty pe —J . J ‘_’ |

— T — 2= ez

hola, T z F

Morphola,.y \ R J by e a R . é::__ -

6(3 0(0) 3(» 4(1H 40 20(5 10 35

l‘m“i‘é‘é’, @ g Em 02 5;; si;
Rough

1 20(7) 17 104
Totals

Figures n brachets equivocal resulls
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It 1s scen that a total of 13 M-strans are untypable Iy capsular swell-
g tests, while on the other hand 3§ strans are typable (doubtinl
type) Attention 1s called to the Hinding that as many as 33 untypable
$ stramns have heen 1solated 1o pure culture Thirty of these sirains
were from the upper part of the respiratory tract and adnexa (nose,
sinus, and ear) This observation 15 an extension of the findings de
serilied 1n 2 previous articte {Omlgnd 1963), underiming the registe red
preponderance of S-forms

DISCUSSION

Among 163 H influenzae strans 36 were typable by capsular swelling
tests (22 per cent) In addrtion capsular swelling reactions were regis
tered n 14 of the strams, although the type was uncectan

The most common type was type b The other types occttrred by de-
creasing frequency as follows e, f, a, d No definite type ¢ stramns was
encountered The fact that the mterpretation of the capsular swellbing
reaction was doubtful in 14 ont of 50 <trains, 15 remarhable, and may
be a reflection of certamn methodological disadyanteges mvolted mn the
capsular swelltng techmque

‘The findings presented n Table 4 and 5, parheutarly as concerns the
S forms, agree with the statement made 1n a presious article on the
importance of such forms, even though they are ordwnartdy untypahble
mn Pittman s type s3stem (Omland 1963)

STV ARY
“ﬁnmc general consideritions are presenied on ihe capsular swelling
“Quettung’ ) que The ad of this tech to the study

of H influenzae 15 described Finally the results of the exarumation of
the matenal of strawns with such technique, are presented

RFFERFNCES

"cnmd;r if F The Hemophilus group Pp 470-485 in Dubot R I «d  Bactersal
and mycotic infecticns of man 3rd ed., Pigman Medical Publishing €0 1td
Lond n 1938 §20 pp

Thandter ¢ 3 & on. v v -

Fgts )

Fothers 1ot 33 w0

othergill L B & Chandler € 14
e 'nnuiﬂuw A ,l)hser\nlmns on the dissociation of mentngitis

Crom® ) mmunal 37 401 415 1936
st ioDskr 86 1 24 1918 o en 2 s Infek
m:.r r Jl& WeCartaey 7 F Handbook of practical bacteriology Sthed E & §
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. : ' Theorleen der
. [ ) . -
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TABLF 3

Distribution of H nfluenzae Strains According to Origin of the Pathological
Material and Serotype as Determined by Capsular Swelling Tests

Serologieal ty pe 4

Origin | &

b i v
Nose 3(2) 8(3) 0(1) 2(0) 3(1) 4(0) 95 2
Throat 0(0) 0(D) 0(0) 0(0) 0(0) 0(0) 30
Sputum 0(0) 0(1) 0(0) 0(D) 0(0) ©(0) 70
Bronchus 0¢0) 0(0) 0(0) 1(0) 0(0) 0(0) 5 20
Stnusy 1(0) 0(1) 0(0) 0(0) 1(0) 1(0) 24 12
Far 0(0) 2(0) 0(0) 0(1) 1(0) 0(0) 10 30
Congunctina 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 2 0
Vagina 0(0) 0(0) 0(0) 0(0) ©0(0) 0(0) 1 0
Cercbrosp f1 0(0) 7(4) 0(0) 0(0) 1(0) 0(0) 14 97
Blood 0(0) 1€(0) 0(0) 0(0) 0() 0(0) 2 50
Totals 4(2) 18(9) 0(D 3(1) 6(1) 5(0) 36(14) 163 22

Igures 1n brachets

«quisocal results

* Caliulated from the unequisocal results

TABLT ¢
Distribution of H nfluenzae Strawns Isolated in PURF Culture Accordmg lo
Category of Variation and Serotype as Determined by  apsular Swelltng Tests

serological 1y pe R =

[ | &z |3

\Morphology — ool =

a b e d e I3 2g £

I B2 >
Mucord 1(1) 12(4) 0(6) 0(1) 2(0) 1(0) 16(6) 3 25
Smooth o o(1) 33 34
TRough o
Totals 16(7) 36 59

Figures 1n brachets equivocal results

TABLE 5
prstribution of H influensae Strains Isolated in MINFD Cullure Sccording to

Categor]

4 of aration and Serotypc as Determncd by Caj sular Su elling Tests

Serological 1y pe %

Morphology 7:. ", . ) . , § :é

- &

;{:S‘:ﬁrl 3(1) 3((23 0(0) S0 1) 4(0) 23((;,)) ;g ;i;,
Rough

Totals 2007 77 104

Figures 1n brackcts

equivocal results
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A CASE OF INTRAUTERINE VACCINIA
By
Erik Lyckg, CHRISTER AHREN, RLNE STENBORG,

GUNNaR BERNLFR and SvEN SPRTZ
Recejved 1vin 62

In spite of frequent sacanabons with vaceimia virus of ]\rc(,na_nl
women the reported incidence of congenital vaceinra 15 sery Jow (I-3)
Indeed Bellows el al (3) stated that ’smallpox vaccination during
pregnancy does not increase the incidence of congemtal malformations,
stll births, abortions or of infant deaths

However, vaceination of pregnant women has undoubtediy caused a
{ew eases of injury to the foetus Jenner (6) des¢nbed how, 5 weeks
after the vaceination, a woman was delnered of a shll born foetus
with several pustules on erythematous bases Seven other eases have
been cited by Lynch (1) m which abortions or shill births presumably
were caused by vaccination dunng pregnaney Lynch obsened a child
who died shortly after birth and had generalized pustular eruption,

) telect and m the lner The mother had been
\zecinated ahout one month carhier In a case reported by WacDonald
& VacArthur (7) the mother was vacomated with a severe pTImary
reaction threc months before delnery Foetal vaccinia was diagnosed
{rom the climeal and pathol features, inct nuclear mel
bodies Two cases have heen observed i Holland (8 9) Wielenga el al
(9) desenbed an wntravtenne infection 1o 2 27% weeks old foetus with
virus isefated from the shin and placenta This scems to be the first
case where the dingnosts was sirologicaliv confirmed The mother was

umaccinated Her furst child howeser, had been vaceinated 5 weeks
before delnvery of the wmfected foetus

CASF RFPORT
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Rogers K B & Zinnemann R The recognition of non capsulated strains of Haemo
philus influenzae 1n unusual sites P 324 1n Tunevall G ed  Abstr Viith Int
Congr f \licrobiol  Almaqyvist & Wiksdl Uppsala 1958

Tesdal Vf I xpertmental encephalo myelopathy 1m rabbits following intravenous
myection of 3 smooth form of Bacillus influenzace Pfeiffer recovered from
a patient with memingibis Acta path et microbiol scandinay Suppl 11 191
200 1932
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Fugs. 1 and 2.

The lestons 10 the face and on the soles The pictures were taken When the child
nas two days old
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ds of apnoca
1d was placed in ¢ouveuse with oxy gen supply However per o

K,L“u”.i?v S ocams Tanger and the sk lessons necratized especially mn the face and
n the feet (F gs 1 and 2) The ch 14 died oo the e ghh day

Pathological Findings

At autopss the child was found to have generalized skin lesions
the form of 0o to 1 em crusted efflorescences The lestons are par
ticularly nbundant in the face and on the back arms and legs On the
soles nght hand and ndge of the nose they ‘have turned mto open
necrotic uleerations The lungs and Inver contain scattered pinhead
sized yellowish white foct with a dry eut surface and firm consisteney
In the left lung similar foci are confluent to a large mfiltration extend
ing out to the pleural surface which 1s fibrin coated and adheres to
the thoracic wall The Iiver m addition contans extensive subeapsular
necroses The mesenterte Iymph nodes are enlarged but not necrotic
and contamn no focal lesions The central nervous system other parts
of the respiratory and digestive organs the urogemital organs and the
endocrine organs are grossly normal No malformations are present

The placenta 1s of normal size considering the duration of pregnancy
and has grossly normal structure but contains scattered jellowish
white ricegrain sized foer which are diffusely demarcated and of soft
consisteney Histologically the skin lesions (Fig 3) appear like large
epidermal yvesicles filled with 1 cells  polymorp il
leukocytes and detritus Towards the centre these processes become
ulcerated The surface 1 covered with a crust The cufss and surround
g epidermus are ocdematous and mvaded by nflammators cells
eosinophilic leuhoevtes are present in abundance The foct i the
parenchymatous organs are of umform appearance and consist of
ilfusely d d d with remarkably weak
ghbourhood The infiltrations are
lear cells and hilic leuko
etes Near some of the placental foer (Fig 4) there are abundant
calcified dej osits The cord and umbilical membranes present no con
clusive anflimmatory changes Inclusion Bodies are present i stroma
cells around placental necroses and alse tn degenerating epidermal
cclls around the foetal shin lesions (Figs 5 and 8) The melusions are
round or oval usually surrounded by a distinet halo They occur solely
;‘m‘:l' “:rlﬂlllasm wd their stronghy positine resjonse to Lendrums
rnnl::r':l)::\r:;'l}:g ::lednl““(’tldgen s stmming procedures suggest that they
Chirormtin <l \oc"t": cxhibit degenerative changes and margimal

ranuclear mnelusion bodies are visible

wmilammatory cell reaction 1n the ner,
T ntly d of

Y trology

Samples of the [lacenta were examned sirologically  The homo
kenized hissue wis moculated as g 10 1er cent suspension on chorio
Mbnteie manbranes of twelwne daxs ol

d chich embrios and to HeLa
1
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Tigs 5 and 6

Fig 5 (ytoplasmic melusion bodics in degencrating «midermal cclls Preparation of
Jkan Ieulgens stain Magmfication 400 X
Fig 6 (>toplasmic inclusion bodies 1n cclls of placenta preparation Feulpen s stan

Magnification 400 X
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cell cultures After three davs of incubation at 36 5° C, plagues, morpho-
fomicaily 1dentical with vaceinin viras pocks, were demonstrable on the
egg membranes and a cytopathogenic agent typed as \icania virus was
ssolated m the cell enltures

Preparations of placenta and shin were also tested by means of
fluoreseent antibods technigue (10) As the avatlable <amples had
been used for the histopathological examinations and were formalin
firxed, they were deformahnized prior to the fluorescent antibody ex-
amination Two p sections were used for conjugntion with serum The
antnpeeimia serum was prepared by hyper won of rabnt
I abelling with fluoresein 1sothiocyanate and fractionation of labelled
serum on DEAE column was perforsned accordng to the methods of
Riggs ¢f al (11) Placental and skan sections exhilnted a yellowish-
green fluorescence at the central parts of the necrotic lestens after
testing with antinaceima rabbit serum (Figs 7 and 8) but not after
testing with serum taken prior to wnmunization of the rabbit

SUMMARY AND COMMFATS
4 woman of 28 was vaccinated in the 23rd week of pregnancy Fue
weeks later she bore an immature girl with severe skin lesions, who
died on the eighth day Vaceima sirus was isolated from placenta and

vacemma antigen was rated 1 | and shin ples by
fuoriseent antibody J) Cytopl: 1 bodies positine
to Feulgen's stain were demonstrated in epidermal and stroma cells

The deseribed pathological
enga el al, and the present
thereto

Alter vacemation the mother here discussed developed a local prim
ary reaction with 1 shight nse i temperature as the only general sign
of infection Virus transmision to the foctus was not concomitant fo a
severe vaceination reaction 1n the mother nor did the mother develop
any signs of mfection during the rest of the pregnancy A normal trpe
uf reaction in the pregnant woman thus does not exclude the possibility
of such a severe vacanation complication as sntrauterine Taceina x;\
the chuld 1n fact the case reported by Wielenga ef al shows that mere
tontacl by a non vaccinated pregoant woman with a newly vaccinafed
mdividual dunng the period of Jocal reaction may bhe ?;azarduus to
the foetny 4

Insolvement of placenta and internal organs ndicates a haemato-
Bemie virus Aransmission Whether transmussion of virus may also
occur by the amimotte fluid remains to he proved

tateauterine saccinsn nfection 15 g rare comphication to vacemnat
As mentioned by Wielenga ot ol » 11 has been assumed that vacer tor
cl lm be performed aftee the {yist Anmester without nish to the ;1::;3:1
oweser the intrauterine infection deseribed, as well as the one re-



Figs 7 anl §
Ilu rescent areas In prefarations of shin (I, 7) ani jlacenta (fig 8) The
I re arati ns were treate I with ral it antiva cimia serum labedle § with
flu rescemn thr 1soeyanate Magmifreatt n 130 X
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COLLFGE OF \ORW {} OSLO (HEAD PROFESSOR STFINAR HALGE)

PHOSPHOLIPASE D ACTIVITY IN A NON HAEMOLYTIC
CORYNEFORM BACTERIUM

By
hARe Fosstv and Tore. Hovew
Recened 19 1x 62

The formatton of lecithinases (phospholipases) by microorganisms
h1s heen exdensnely studied in recent years in an attempt to use it in
the faxonomy of bacteria and to find a connection with toxserty and
virulence

According to the mode of splitting leaithin, the lecithinases may he
dnided 1nto four groups (1)

Fr gme Substrate Products

Phospholipase 4 Lecithin

Phospholtpase B | ysolecithin . acnd
Ph <pholipase G Leesthin

Phoasphal pase D Lecithin

I certhinase production 1s reported for hoth Gram positise and Gram
acgatine bactena

Fsselmann & 1 (2) and Boficher (3) have reviewed the work done
m this field According to these authors the following Gram positive
boclena are lecithmase producers Clostridurm petfringens, Closirt
dim govyr Clostndtum bifermentans, Clostridium haemolyticum, Ra
cillus cerens Bacilus mycotdes, Bacillus anthracts

Several types of acid fast bactena are also reported to be lecithinase
1roducers (2)

Fyselmann & Iu who studied the lecithinase production by Gram
negatne bacteria found several speeses withun the family Pseudomona
d1cea and the genus Serralia to be leittunase producers 1 tbrio comma
and Vibrio El Tor togethet with an other vibrio spectes were also found
to produce leeithinase Al antne laedbanase pandiacers v Whast shode

{2) were found to be hiemolvtic The Gram positine lecithmase produ
cers mentioned above are also haemolytic together with other miero
urgamsms which are shown to be lecithinase producers, such as delr
numyces albus  (Streptomyces albus) and Achinomyces coelicolor
1Streptomyces coelicolor) (3 4)

m’l"llug(fvnuhr::;(n;n\('::1i:\:;;:x;’t::r:.;k \\‘as to studs the lecithinase actity
& 1 oerrm 48) hacterium carler described by Hugen
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ported by Wielenga el al, shows that infection of the foctus also may
occur m {he second and third trimesters Therefore it night be advs
able to avoud vaccination of pregnant women
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Iynch I Dermatolagic canditions of the foctus with particular reference to
raricla and vaccimia Arch Derm Syph 20 997 1932
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T'ffect of smallpox vaceination during pregnancy an incidence of ¢ ngenital
malfcemations Pediatrics 3 456 1949
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Fig 1 Fig 2

1 and I
fferent strains of Corpneba yogenes
Fuo ! Il‘:‘:k:‘xscﬂfr:m the arron) and tno different strains of the nonhacr{nn]:;l;
« ryneform bactetiem (quadrant It and IV) grown on efg Yolk agar for
days in a 10 per cent LO atmosphere at 37° C. )
hwise from the arrow’
2 Three ctlnnies of each of the following strams (clnel
he Iig::llnf; cereus Staphylococcus aurens Serrnita marcescens and Bordetella
branchisephita £Town on eff yolk agar for 24 hrs at 31°C

Fig 3

The nenhaemoly ic bacterium cultured 1n egg yolk broth Reading fram left to rizht
the tutes arc incubated for 6 5 { 3 and 2 days The tul e to the right 1s a control
cantaining uninoculated medium

lse distinct after one day of enbation Corynebacterium pyogenes
K no such zone

Some other bactina gve a similar zone when grown on egg yolk aghr
tn Figure 2 are shown colonies of Racillus cercus, Staphylococcus au
feus Serratin marcescens and Bordetella bronchiseplica Around the

colonues of Bacillus cerens an opyue zone developed, extending about
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MATERIALS A\\D MFTHODS

Strains of baclerta used —The organisms used in the present expersments were
1dentical to those used in the work reported by Hagen & Fossum (5) and are referrel
to as non haemolh tic corvneform bacterta Comparative studies were also carned
out with different strains of Corgnebactertum progenes that had been 1solated from
various pathi logieal processes 1n various species of domestic ammals Other hacteria
as Bacillus cereus Serratia marcescens and Staphglococens aurens were used r
companison Furthermore Bordefella bronchiseptica was icluded as a negatne
contrel For the demonstration of lecithinase actnaty by paper chromatograhy
onls three strams of the nonhaemolitic coryneform hacterium and one stram of
ench species of Corgnebactertm pyogenes Bacillus cereus and Rordetella broncht
seplica were used

Cullitation of the bacterta —The nonhacmolivtie coryneform bacterium ani
Corynebacterum pyogenes were culturcd 1n an atmosphere containing 10 per cent
€O The bacterial growth and the enzvmatic activities were stimulated under this
particular mncubation condition for both Corynebactertum pyogenes (6 7) anl for
the nonhacmolytic corsncform bacterium (5) The other bacteria were incubated 1m
ordinary atmoesphere and at the optimal temperature for each strain The bacterit
were cultured on egg solk agar (equal parts of 3 per cent nutrient agar and a 10
per cent egg voll suspension in nutiient broth)

Furthermore the bacteria were cultured 1n ¢gg volk broth The aptimal wncubatiofnt
time for lecithinase production varied for the varjous orgamisms used

The nonhacmolvtic corvneform bacterium and Corpnebaclertum pyogefte:
Jected to paper chromatography were cultured 1 egg yolk broth for seven davs
Racillns cereus was incubated for 24 hrs in the same mudium

Choline deternunation —Choline determination was perfcrmed with the I lorence
reagent according to the method used by Fsselmann & Luut (2) and Alinge (8)

Paper chromatograp by —A paper chromatographic method was worhed out to
serve as 4 supplement to the detcrmination of choline by the Florence reagent

100 ml of broth cultures cultured as alreads described were centrifuged at 10 000
X g Fattv material was separated at the top of the supernatant and was removed

The remaming clear supernatant was shaken with an cqual amount of chloro
form After centrifuging and further remosal of the ehloroform phase the aqueons
phase was shaken several times with equal volumes of ethyvl ether

The hipid free aqueous phase was then mixed with an equal amount of ice cld
12 M perchlore acid 1 order to precipitate proteins After one hour at 0° € the
micture was centrifuged The supernatant was adyusted to pH 7 at 0°C wherely
the perehlcric acid was precipitated as the potassium salt The supernatant from
this preaapitation was evaporated to dryness on a boiling water hath or frecze dned
and residue dissohed in 05 ml of 96 per cent cthanol After centrafugation the
supernatant was used for chromatography

25100 «! aliguats were subjected to descending paper chromatographsy on Whatman
o 1 filter paper Three dufferent solvents were used (a) n butanel acetic zcil
water (2 1 1) () n butanol HCY (98 2) saturated with water and (¢) isopropanol
HC H_O (70 15 15)

For the detcetion of the spots the chromatogiams were sprived with 1 per cent
potassium ferrocs amde followed by 1 per cent echbalt chlorade (9)

s <ub

RFSULITS

In Migure 1 1re shown the zones appeaning wound the colonics of the
nonhaemolstic coryncform baicterim w hen grown on cgg volkh war
A sharply demarcated zone of 1ys1s deseloped around the colomies Close
to the colomes there mught e an opaque zone In reflectcd hight the
zones looked “oily , runbow coloured The zoncs from different strins
varied i Size After two davs of incubation undc: the particufar con
ditions estabhshed the diameter varied from 4 to 7 mm The zonc was
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TABLF 1
R{ Values Obtawned by Paper Chromatography of Choline from Yartons Sources
e e e

Organiam o reference Solventa [ Solvent b ; Solvent &

s LR 063 008 058

’ 063 009 058

. 063 008 059

6 63 008 066

Tontrol (sterile 1ncubated medium) - - -

Composttion of solvents consult text

DISLLSS10N

49} the bacleria previously described as feathinase producers also
possess haemoly tic actnaty This had led to the hypotheses that there
might euist a connection between these Ino achivibies

We have obsersed a hcthunase positive bacterum which s non-
haemolytic Thus baclerium greatly resembles Corgnebacterium pyogenes
and are found 1n the same pathologic processes (5)

In this work we have only searched for phospholipase D activty We
fourkt that esery stran of the nonha¢molytic coryneform bactersum m-
vestigated hiberated choline when grown m egg yolk broth

In the case of Streptococeus aurens, Gillespie & Alder (11} found
that the egk yolh reachion seemed to be associated with the hipase acti-
s

In one of the chromatography solvents (c) there 1s a shght difference
between the Rf value of choline, and that of the bactenal choline reac-
ting substances It 1 ot known Whether this 15 due to the chromato.

graphs techmque, of 1f 1t 15 significant This poant 1s, however, under
consuderation

SLVMW4RY

The aluhity of producing choline from fecithun has been demonstrated
m straing of a conhacmelytic coryneform bacterum This shows that

feeithinase D production does not necessarily be combined with haemo-
W antony

Exen though the properlics of the nonhaemolytie coryneform hac-

:;-nulm ;; m.m)Drcspccls tesemble those of Corynebaclenum pyogenes,
e lecithase D aclinity of the former mahes a sha

e ecthos tp distinction be-
n addition to the Florenee r

eagent test, a paper chromatography me-
thod was developed for the demonstration of choline gty me
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1 em from the colonies Some strains of Staphylococcus aureus deve-
loped a 7one of Iysis sumilar to the zone around the colomies of the
non-haemoly tic coryneform bicterium Around the colones of Serratia
marcescens a simlar zone developed which 1s due to a phospholipase
(10) Bordetella bronchiseplica gave no zone

When cultured m egg yolk broth the non-haemoly tic coryneform bac-
terrum lead to the development of a turbidity which after some time
gathered at the top, leaving a clear layer beneath In Figure 3 15 shown
the development of this opacity and artang of the curd Already after
two days of mncubation a turbidity was seen, while the curd arose after
this lapse of time After several days of incubation the layer beneath
the curd became clear Bacillus cereus and Serratt marcescens gave the
same reaction, while no such reaction could be seen with Corynebacte-
rium pyogenes and Bordetella bronchiseplica Staphylococcus aureus
might give a shght opacity, but the curd does not rise to the top in this
case

According to the results obtamed with the Florence reagent and with
paper chromatography, the nonhaemolytic coryneform bactenum pro-
duces choline when cultured on egg yolh medium Bordelella bronchi
septica and Corynebactenium pyogenes gase no choline reaction with
the method used

Figure 4 shows the choline-periodide crystals obtamed with super-
natant from the nonhiemolytic coryneform bacterium culture

Table 1 gives the Rf values obtained with the three solvent systems
used n pper chromatography

Fig §
¢ (s stals obtained with the culture supcrnatant of the
nonhaemolytic cory ncform haclertam

Choline periodid
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NON SPECIFIC STREPTOLYSIN O
INHIBITION IN DISEASES OF THE LIVER AND
BILIARY SYSTEM
By

J HaLriy
Received 23 1x 62

During the last 3 deeades an increased antistreptalysin O titre (AST)
has 1een regarded as a contnbutory sign of streptococeal mfection
Tt was however soon realised that high AST titres sometimes were duc
to serum components other than antthodies to streptolysin In such
cases the reactun 1v saud to be non specific

Non specific reactions hme been reported eg 1 liver diseases of
which airal hepatitis has recenned extenstve atlention n nephrosis
and tuberculous pleunsy (Stevers 1947 Pachalen 1948 Aailbak 1917
Westergren 1938) Such renctions have often been asenbed 1o an ab
normally high concentration of various serum lipoprotems (Badue &
taban 1920 Hewnlt & Tod 11939 Scheiffert et al 1957 1959 Sioller
man 1301) Various methods have been used to separate the hipids from
the serum to demonstrate an actiological correlation 1f any between
the lifoids and AST as well as to decide whether or not an increase of
the titre 1s 5 ecafic. But the procedures hitherto described are erther too
complicated for routine use (Packelen 1848) or hate | roted unsuitable
for some other reason (Oker Blom ef al 1920)

For several scars we have studied sera from patients with hyper
gammuaglobulinterit routinely for a number of serological reactions

Walfenstr m & Wanblad 1998) Those examinations resealed among

ther things that of 10? sera from 1atients with Inver cirrhosis the

NST was Qeinitels inereased m 49 and shightly ncreased w1 17 o
«87 falen was found telween the AST and the serum ¥ globuhin con
centralion tut i patients with a serum Filirubin concentration ex
cecd o, 3 mg 100 ml the AST was often mncreased (Fig 1) In an at

tempt to find out the cause of this high frequencey of increased AST 1n
&"lrrh wis Ak g lifop retens an tatients with Jaundice and more or
(‘h\: \\:"1‘" bihiary obstruetion were studied for effects 1f ans on
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The AST was hugh ot very hugh w12 yaundiced patients with bihary
stasis due to gallstones n 9, and to carcinorna n 3 (Table 1) One of
the patients with gallstone was examined on 2 occasions during re-
gression of s jaundice and the decrease of the icterus index was
found to be accompanied by a decrease of the AST — In 5 patients
with hepatitis the AST saried In the patient with the lowest icterus
index the titre was normal — In 1 patient with hihary errhosis the
titre equalled the highest noted i patients with extrahepatic obstrue-
tion ~ No close correlation was found hefween the seversty of bl
rubupaermia and the AST

TABLE 1
AST w1 18 Cases of Jaundice of Varging Origin
mils | Bils |
Diagnosts mgI0  AST units Diagnosis mg100 AST umte
m] ml |
Bihiary obstruction Biliary ohstruction
175 56000 cancer 280 512000
i70 2000 , 145 0
160 5000 15 2000
13 7000 | Hepatatss 150 1600
. 78 512000 - 7 6000
51 720 - 41 360
. 18 3200 - 11 12
40 6000 " 27 110
- 39 850 { Bihary cirrhosis 160 236000
* Same patient
TABLF 2

AST before and after Precipitation of B Lipoproteins w Dieases of the Lwer
and Bihary Sgstem

‘ AST pefore AST after

Diagnasls

i Prectpitation o7 § ipoproteins

Biliars bstruchion  stone

7000 55
2000 9

720 95

- cancer 1000 80

e ki
Fatty Iiner 4 obstructicn :ssgg 5
Hepatitis & obtruction 8000 5
Cardisc farlure 425 8
Biliary cirehists  3ellow serum 226000 o
Girmoas yell w serum e it
Luhosis “normal., serum 12000 ];2
000 300

= 800 210
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AST IN 116 CASES WITH LIVER CIRRMOSIS
BIL/S

+ [ 4
mg/mOmI 230 21e 030 290
10
9 H o
® R M
7 °
G s o
S
: .
ORI A
2 28 o2 °
'R} ® L]
RIS I MW
RPiigd i1 5004 NOC NN
55 80 110 150 210250 360 500 720 1000 §000 14000 v
Fig 1

The accumulation of AST yvalues of 1000 units 1s due to the fact that titration was
formerly discontinued at that level

MATERIAL

The sera used to demonstrate any correlation hetween the AST and cholestasis
orsginated from a number of patients with Jaundice of varving sevenity and origin

The sera used for the & lipoprotein precipitation described later originated from
(a) 10 patients with a serum bilirubin level of more than 4 mg/100 ml sclected at
random the diagnoses hemng unknown, from the archives of the Department of
Clinical Chamistry, (b) 5 patients with Iner eirrhosts including 2 with marl edly
sellow serum and 3 with serum of normal gross appearanece but with known n
creased AST-titre, {¢) 7 patients with discases presumably secondary to strepto
coceal infections—3 with rheumatic fever, 3 with acute tonsilhtis (growth of
# haemolvtie streptococes on culture of throat swabs 1n 2 cases studied) and 1 with
acute nephntis

MFTHODS

Antistreptolysin reaclion —Streptolvsin from a broth enlture of the S 84 stran
was used The broth for streptolysin production was made on ox heart with 2 per
cent peptone 02 per cent glucase 02 per cent NAHCOz and 01 per cent \asHPOy
pH being adjusted to 8 0 The streptolysin broth was centrifuged and filtered through
2 Seitz Diter The amount of streptolysin units was determmned by titration against
standard antistreptolysin serum after reduction by a 04 per cent sodm pyro
sulphite solution The standard antistreptolysin  globulin was obtamed from the
Damish State Serum Institute of Copenhagen A suitable amount of streptolisin
broth contamning 1 umt/ml Was reduced by a 04 per cent sodmm pyrosulphite
solution The patient s serum was diluted with normal sahne in small tubes to 8
total yolume of 1 ml per tube and was nactivated 05 ml of streplolysin was added
to cach tube After incubation of this mixture mn a 37° € water bath for 15 minutes
05 ml of a 5 per cent suspension of sheep erythrocytes was added The mixture was
then meubated at 37° € for 30 minutes and ailowed to stand for 1 hour or overnight
at 4° G before the amount of hacmolysis was determined colorimetrically The
amount of antnstreptolysin umits present was derived from the number of strepto
Tvsin units mactivated

B.Lipoprotein precipitation —The 8 lipoproteins were precipitated by the method of
Burstein & Samaille (1958) with addition of 002 ml of 10 per cent dextran sulphate!
and 01 ml of 1M calcrum chloride solution to 1 ml of scrum Onc hour later the
mixture was centrifuged for 10 minutes at 1500 G The clear supernatant was

decanted and 1ts AST was determuned

+ Sodmm destran sulphate (from dextran wath M W 5 x 109 from Pharmacia

Uppsala, Sneden
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In diseases secondary to streptococcal infection such precipitation was
followed onlv bv a moderate depression of the titre which never even
approached normal An mereased concentration of the g hipoproteins
thus appears to cause nhibition of streptolvsin which must be re
garded as non speaific
The method used can thus distingumsh between a non specific 1
crense of the AST due lo an werease wm the concentration of the 8
lijoproteins and an clevation duc to streptococe: The method 15
simple and lends itsel{ well to routine use
In about one fourth of the patients with lnver cirrhosis and an mn
ereased AST the serum bilirubm level was normal or only shghtly
clesated (Fig 1) Unfortunately these patients had been exammed
before the use of the above mentioned method at our laberatory Three
patients with cirrhosis and with apparently normal serum and high
AST were studied however and a non specific increase of the AST
was noted m all of them Consequently the titre should be checked
after precipitation of the 8 Lijoprotemns m all pitients with a high
AST whether or not the serum 15 yellow
The mummum difference 1 titre necessary to regard an ncreased
AST as non specific requires imvestigation on a larger series
Analysis by this method of the AST increase in different types of
hyperhipaemma as well as i rheumatord arthritis and tuberculous
pleunisy with high hifres 15 desirable This also holds for other con
ditions with increased AST not related to streptococer This would
helj to rescal whether factors other than the B hipoproteins can act as
non specific streplolysin mhilntors
It 1s worth mentioming that a 74 year old woman presenting car
cmoma of the colon and Iiver cirrhosis but no signs of biliary obstruc
tan and strej tocoecal nfeetion presented AST — 20000 umts On
serum electrophoresis an abnormal globulin of myeloma type (M
comjonent) was scen This component was 1solated and found to
Possess almost all of the streptolssin inhibiting property of the serum
Other streptocoreal antihodies could not be demonsirated Another
woman-—6a years old and healthy cxcept for an acute bronchitis in
1960—had an \I comy onent m her serum and AST — 80000 umis The
nbnormal globulin has not been ssolated set but 1t seems prohable that
the M component 15 the ¢iuse of the AST clesation al<o 1 this case
:‘:rll?::“:::(;r\:ﬁou:f lfc\rm(-r case no signs of myeloma were found
Uhe AST fall 1 iml:) R a(;l‘snllkm\l‘d» clusaally s the alas b exprcied
y moderate on 8 hipoprotein precipitation

SUMMARY
“l-';. Iiver disenses especially with assoerated biliary obstruction the
o cn o[:m mereased This 1s regarded as a non specific sign The

rease of the Utrc 15 due mainly to the mereased concentration of the
2 acTarern 873
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The AST (normal. < 210-250 units) was determumed before and
after precipitation of the serum g-lipoproteins in different discases of
the hiver and bihary tract (Table 2) In 5 cases of extralicpatie chole
stasis a distinctly clevated AST fdll to values clearly below 210 umis
A sunlar reduction was noted for 2 patients with hepatiis — Two
paticnts with ehinieal signs of bihary stasis showed ne obstruction of
the biliary tract at cholangiography during operation Histological ex-
ammation of a liner biopsy speetmcn removed at operation showed fatty
degeneration and bihiary stasis 1 one of the patients and hepatitis and
ihary stasis i the other, The AST was clevated m hoth of them
After preeipitation of the B-lipoprotemns the AST fell to 35 units, m the
former case, and to 210 umts in the latter One patient with sesere
acute cardrac falure—later post mortem showed widespread unt
cellular necrosis of the Iiver—had an AST of 425 unats, which fed to
65 ~—A marhed decrease of the titre was noted m the patient with
bihary cirrhosis In the other patint with eirrhosis and jcllow serum
the AST was only moderately increased (425 units) and it fell to nor-
mal level Inall 3 patients with eirrhosis and scrum of normal gross
appearance the AST fell distinetly after precipitation of the glipo
protoins, though in one not quite to the normal range (60005300 units)

TABIL 3
AST before and after Precipitation of B-Iipoproteuns in DMieases Sccondary
to Streptococeal Infection

AS1 before AT after
i, nons — L e
precipitation of 3 lipoproteins
Rheumatic fever 5000 3000
R 2500 1000
1000 720
Acute tonsillitis 1250 850
1000 600
850 500
850 125

Acute nephritis

1ble 3 gives the AST before and after preciprtation of the B-lipo-
protemn 1o discases secondary to streptococeal infection 1he titer de-
creased 1l the fall was, however, only shght to moderate and nuver

to normal

DISCUSSION

Judging from the findings the AST increse common 1n 3 mndice
1d marked 1 extrabepitic and mtraheptic cholestasts

15 mmvanable ar
After prccnpllnlwn of the B-lipoprotems, which occur 11 high con-
centration 0 cholestasts, the streplolysm mlulnting power of the serum

marhedly decrcased and the AST fdl to normal or almost normnf Icvel
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THE RELATIONSHIP OF PROPERDIN LEVELS
TO THE BACTERICIDAL ACTIVITY OF HUMAN SERA
By

Brpis Ghstus and Jons Bee
Received 26 1% 62

Pulemer ef al (5) deseribed the properdin system consisting of the
following ts properdin, pl t and mng 10ns,
and presented nvestigations suggesting a close connection between
this system and natural resistance towards bactenial infections Follow-
g the publication of Wardlaw & Pulemer (9) where they proposed
that *The properdn system 1s the mechanism by which certamn bacteria
are destroyed by fresh normal human serum”, an mereased nterest
appeared concerming {he normal bacteniadal petanity of serum These
wthors also stated that A quantitatsve relationship exists between the
finat properdin concentrahion and hacterscidal activity agamst sen-
sitive orgnisms  An anvestigation of the kinelies of the hactericidal
actraty ol the properdin system (10) showed however, that there was

no sumple correlation between properdin concentration and bactericidal
actinity

Willers (11) found that elimination of properdin did not abolish the
bactencadal properties of most human sera Bacterieadal actiuty
nganst Gram negative organisms was often observed 1o sera (reagents)
or comhnations of reagents not containing properdin These results of
Wllers throw serious doubt on the proposed wnpottance of properdin
with regard fo the bactenieidal activgdy of fresh sera

The nhove mentioned disagreements need clanifymg The guestion
should also be recvaluated heepng in mind that there seems to be
three diffcrent pitterns of properdun levels one at wineh the persons
show consistently high levels one with consistently low levels, and a
l|hml group wn which the properdim itre changes during an infec-

ton (1)

tor these riwsons and also beeause 1t has been suggested that the
fictor of umportance v not the properdin conten! as such, but the
“s\ulble  properdm or exen unknown nfubitors or cofactors (3,8
1) we engaged in the present study  Accordingly, n adrhhon‘(o
————— ) JCCOrTTER. In addition to
ll:r:-:n:n‘;::l was supported by the Norwegian Research Counert for Serence anl the

07 307
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B-lipoproteins secondary to hihary stasis By means of a sunple pre
cipttation process—with dextran sulphate and calcium chloride—the
B-lipoprotemns can he separated off, and then tlus type of AST falls
markedly while a specific titre 1s ifluenced but shghtly

Addendim —Aftcr ths article had gone to press I have noticed a report « [ non
specific AST 1n diseascs of the liner in dnn Biol clin 20 520 1962 Balm el o
show the importance of the & ipoproteins and adopt the dextran precipitati n
technic too

RFFFRFENCFS
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globulinacmia and extremely low ressstance to infections Here, con-
trary to all expectations, a fugh properdin lesel in serum was found
The titre was determuined repeatedly and with 2ll the three methods
mentioned above We can offer no explanations of this unexpected
finding

In some of the cases tested, the properdin titres rose from low values
in the acute phase of an infechious disease, fo normal values during
comalescence Not even 1n these cases was 1t possible to demonstrate
any changes in the bactenicidal actinaty of serum

Figs 1and 2, presenting two cases of pneumonta illustrate this very
clearly

Table 2 shows a companison of the hactericidal actisify of serum
and the properdin content when determned with the varous methods

R o Preuman a

T ERTY

7 et wran
. = Bacls ¢ aat acty g
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Pillemer’s method for properdin titrations, we also used, in some ¢x-
permments, the modifications by Willers (11), and by Leon (3), as
these modifications presumably take the questions of nhibntors andor
cofactors into account

MATFRIAI AND MFTHODS

Samples for parallel determinations of properdin and bactericidal activity were
drawn from 52 patients with various complaints, and from 4 healthy persons

The blood samples were allowed to clot at room temperature rimmed and centrt
fuged The sera were kept at —20° C in small portions to cover one experiment
cach All samples were treated under sterile conditions

Pillemer’s method for properdin titrations (5, 6) was applied to all of the samples
and 1 addition to this some samples were also assayed according to ¥ dlers (12)
and Leon (3) The detailed techmque for the properdin fitrations and a comparison
of the three mcthods, have been deseribed 1n an earlier publication (14)

The test for bacterseidal actinaty used througout this study was as follows The
test microbe employed was a serum suscepbible stramn of Shigella dysentertae It was
a laboratory strain (Sonne III), agglutinating specifically with antiserum to its
spectes It was kept on Dorset’s egg medium at —20° C for use as 2 stock calture
An 18 20 hour subculture in bramn heart infusion hroth was used as moculum m
the actudl test

The serum samples were diluted with physiological saline in twelve dilutions
1/10, 1/20-1/140 cach tube contarming 1 ml of the dilution To each tube was added
1 drop of undiluted moculum and the rack was incubated at 37° C After 3 hours
and agamn after 24 hours a loopful of each dilution was plated on nutrient agat
plates The plates were read after 24 hours and the endpoint of the titration was
taken as the last dilution giving no growth or Just a few colones The results gnes
are those obtamed after 3 hours moculation before plating

The bacterieidal activity of sera from normal, healthy persons determined by this
mcthod ranged from 1/70-1/120 the mean value (recprocal value of the dilution)
being 96

RFSULTS
In Table 1 the sera are divided mto three groups according to their
properdin titres, and the mean salues and range are gnen for the
corrcsponding bactericidal titres

TADLF 1
Comparison of Properdin Ievdls and Bactericulal Actiorty of Serum
Properdin Lahest
Groun | megen [
1 ow properdin levels <1 N 50 140
Normal properdin levels 15 5 102 70 140
>6 LY 200 140

High properdin levels

+ A patient with hy pogammaglobulinacmia

« sera have no detectable properdin as determmed by
the Pillemer {cehnuque, or the properdm level 15 normal or even high,
the bactenaidal actinity 16 srmilar and wathin normal range with the
exception of one sample A noteworthy finding 1s that of the very Iow
bactericidal activity of this scrum from a patient with hypogamma-

Whether th
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The worh of Osawa & Muschel (1) also clearly mdicated that the
properdin system itself 1s nadequate to cxplan the bacterieidal actvity
of nurmal serum When human serum was absorbed with the fest
organism, it was macline despite the presence of properdin and com-
plement

1t may be argued that Wardimw & Pilfemer (9) have shown that one
umit of properdin pr ml of serum 1s sufficient for maximum bacternicr-
dal actnaty, and that sera contmning less than one umit are difficult
to titrate with accuracy Accordingly, they may contain just under one
umit of properdin, and still have cnough for normal bactericadal activity
This 1+ unlihely howerer, as some experience with properdin titrations
quckly suggests that several normal sera contamn no properdin at all
or in any ease considerably less than one unit pr m!

All evidence ponts to the fact that the properdin system 1s not a basie
factor m the complex which controls man’s resistance to micrebual
mfections and more specifically, it 15 not as suggested by Wardlow &

Pdlemer (9) the mechamism by which certain bactersa are destroyed by
fresh «cra

SUMMARY

The bacterscidal action of human sera was compared to the properdin
Ievels In three groups of persons, one showing consistentls high pro-
perdin levels, one showing consistently low properdin lesels, and one
where the praperdin titre rose from low values 1n the acute phase of
an anfection, 10 normal values dunng consalescence, no correlabion

could be found between these properdin titres and the bactericidal
activity of the sera
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The sera have heen arranged according to the ncerease n properdin
titre assayed sith Pillemer’s method, and no correlation to the bac-
tericidal activify 1s revealed when considering either of the three
properdin fitres for cach serum

TABIE 2

Properdin I evcls Determined by three Different Vethods as Compared
to Hactericrdal Actwty

Properdm unuts pr ml serum

Serum Ractenics
num Dingnosis dal |
ber utre | Pillemers| Willers | Leons
method method | method
1 Alromegalia 70 <1 3 7
2 Vitium cordis arterioscleroticum 50 <1 7 7
3 Cohtis ulcerosa 80 <1 12-1 >3
4 I cbris rheumatica 70 15 12 8
5 Healthy person 110 1 5 3
6 1 cukemia acuta 90 4 8 §
7 Hypogammaglobulinaemia 20 8 8 8
8 Cirrhosis hepatis 70 8 12-16 >8

DISCUSSION

It seems clear that there 15 no close connection between the bac-
tericidal activity of serum and the properdin lesel whichever methot
1s used for the properdin determunation

In agrecment with Roantree & Rantz (7) we found very small var?
tions 1n the bactericadal actisity of human sera whether from normnal
or pathalogical subjects

Hinz (2) found that m some patients with pneumococeal preumonia,
mentngococcena and pyelonephritss, the properdm titre would rise
from low values 1n the acute stage, to normal values during convales-
cence In the last group he also found increasing Dactericidal actinaty
with mcreasing properdm titre

We were not able to demonstrate any such correlation when an n-
crease 1n the properdin titre occurred during an mfcction, (Figs 1 and
2), nor was tt possible fo discover any connection hetween hacterieadl
actisity and properdm content where the latter showed consistently
tugh or consistently low values during an nfection

Wood et al (13) mvestignted serum antibacterial activitics n pa-

showing hyper-, hypo-, and agammaglobulinaenmin and found

tients
pitients with

normal bacteriadal actiaty wath the exception of two
L whom wncreased bacterieidal levels and nor

agammaglobulinaemi
had reeently

mal properdin lev els were found These patients, howeser,

recovered from upper respiratory nfections
In our present 10t estigation, one patient with hy pogammaglobu-
tinacmia and Jow resistance syndrome showed low b reterietd t activity

and high (normal) properdin titres
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HYALURONIC ACID PRODUCTION BY A STRAIN OF
STREPTOCOCCUS FECALIS ISOLATED FROM URINE
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ArvE Lystab and P E Joser
Recerved 9% 62

Apart from a record by Henrihsen & Joner (1962) we have been un-
able to find any record concerning production of hyaluronic aed by
stramns helonging to the Enterocacer Production of hyaluronte acid by
streptococet belonging to Lancefield's group A and G 1s well hnown

Recently a hyaluronic acid produeing stramn helonging to Lancefield’s
group D was 1solatcd from a patient’s urine

MATFRIALS AND METHODS

The strain was ssolated from the vrine of a medical student by the methad af

Ut wlulaly el Intection

dentsfication of the strain was made according to Mache & WeCarinen
(1960 after acid extraction of group specific polysaccharide The sera A C, and D
wete used 1 # preeipitation test The same extract was tested agamst antisera of
Eroup A through O bs a gel diffusion lechmque (Omiami}

1 Sation and analysis of capstte= ~ 7
broth containing €5 per cent glu
centrifuged (n the cold The supe - .
¢ ncentrated to about /10 volum ‘
Hetletberger & Dawson (1977 = o
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- e pslu eyt

with amilme ;uln:l’n’d
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Aller 24 hours growth on blond agar plates at 37° C 1 a humd

athmosphere, the colonies were very small and dry  After 48 hours

Etondh, the colonices beeame strongly mucord, confluent, and non-hac-
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Apart from a record by Hennhsen & Joner (1962) we have heen un
able to find any record concerning production of hyaluronic acid by
strawns belonging 1o the Fnterococer Production of hyalaronse acid by
streptococet belonging to Lancefield s group A and C 15 well known
Reeentls 2 hy acid prod strain b to 1 anceficld &
proup D was 1solated from a patient s urme

MATFRIALS AND VETHRODS

The stra n was isolated from the urine of a medical student hy the methad af
.
S5 4 Lo uln als wact tatection
Serolagical identif ration of the strain was made according to Mackie & WeCartney
1960} after acid extraction of group specific polysaccharide The sera A €
.

a . . [
@4 UMM NS A PrEpaTAt An oA Wb
Ve wty measurements The time of
meters of a 01 per cent palvsscchanide -
9 per cent Nall was measured with &
pretarati n The hyaluroni lase was pr
Meger e al (1951
{hr matography  About 26 mz pob 1de portions were hydro)
3% H 50y al 100°C for 6 h urs Chromatography was earried out on the supernate
aftet neutrativing wuth BaCO3. The chet matngrams were run for 17 hours using the
t l'(lvmln‘ < hent svstems pyridin-ethyl acetate water (2:5 5) and prridin ethel
:\r;ha)l;'l';rllc acid water (55 1 3) Staiming was done with amline oxalate and

RFSULTS
After 24 hours growth on blood apar plates ot 37° € n a humd
athmasphiere the colonies were very small and drv After 48 hours'
Erowih the colonies beeame strongh mucoid confluent and non hace

with
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TABLE 1
Analyses of Capsular Polysacchart le
Figures from
st e | TR
20 —6>* —47° —T8°
(\’)l - 317t 3~-38¢
P 008 o o
Aeety) 84t 15 1neg
Precipitation of horse serum +
Content of ash 23 15 (%)

The y1eld of polvsaceharide from the mucod stram was 0 334 ¢ The
product was a pure grey white substance which gave highly viscous
solutions 1n water Table 1 shows the analvlical results

A corresponding preparation from a strain of 2 non mucoid Strepto
coceus faecalis yielded 0246 g

Table 2 shows the results of the viscosits measurements of the poly

saccharide from the mucoid strain with Ostwald s viscosimeter OF I
and OI" 1I

TABLF 2
Framunatton of Viscosity of the Polysaccharide
Time of Time of
Apparatuy outflon. without ouiflow w1 1
hyaluron dase hyajuron dase
OF I 118 sek 113 seh
or 1

2man 174 seh 2mn 63 seh

Chromatog,rnj hy of hydrolysed polysaceharide 1solated from the mu
coid streptococeus gave the following results 1 Spots corresponding
o glucosanune and glucurome aad were detected 2 Additional spots
corresy onding to galactose glucose fucose and galacturonic acud (un
certun) were also present in the chromatograms

Chromatography of the hydrolysed polvsacchande from the non mu
co1d strej tococeus showed the presence of spots corresponding to galac
tose glucose fucose and galacturenie acid tuncertam) only

DISCLSSTON

The strun differed from the tvpical Streptocaceus freeabs in several
Tuspcels (Bergey 19973 poor growth on some stmple medit low tempe
rature resitanee fuluce to grow at 10° C and 45° Cand 1n 65 per cent
ML and deimyved Jactose fermentation Bot the points of resemblance
meluding fermentation of manmitol and sorbitol and growth on 40 per
cent ble and on tellurde agas ave sufficient to suggest relationshap to
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molstic No growth was ebserved on bremihymolblue Iactose agar pla
tes The si1ze of the colonies on blood agar was very vanable, and the
colonics became flattened and dry within few hours n a dry athmos-
phere )

By direct mucroscopy of a Gram-stamned smear from the urne, we
found round to ovoid Gram positine cocer which occurred in short
chains and mn pairs After exammng at Ieast 20 fields, bacten could
be found 1 any microscopic field Microscopy from a cullure, gave the
same result The strain was found to e non-motile

The microbes were surrounded by rather narrow, but distinet, cap-
sular spaces of variable s1ze i indha ik preparations (Bull of al ,1936)

The growth n broth culture was very scanty after 24 hours, but
turlnd afler 48 hours There was no grow th in phosphate broth withoul
glucose The hest growth was obserscd in broth contaimmg 05 per eent
glucose

Biochemieal properties Actd was produced from maltose and glucose
within 24 hours, from mannitol, sorhitol, trehalose and salicin withim
48 hours, and from lictose withm 5 days Sucrose, mulin and raffinost
were not fermented and gelatin was not Liquefied within 5 d1ys No
reduction appeared in shim milk with 002 per cent methylene blue
within 5 days

The strain was reststant (Eriesson ef al, 1934) to sulphonamudes,
pemeilin, streptomyen, and doktactllin (penbritin) It was sensitinve
to chloramphemcol, oxytetracyehn, erythromyem, oleandomyein, and
mtrofuranton

The stram did not grow m 65 per cent NaCl m broth, but grew well
on 40 per cent bhile blood agir and on Me Leod s tellunite medium
within 2 days It survived heating to 56° C for half an hour but did
not survive heating to 60° C for half an hour or heating to 56° C for
one hour There was no growth withm 48 hours in 1 per cent glucose
In broth or on blood agar plates at 45° C, nor in the same media at
10° ¢ Observing no growth at these temperatures, we mcubated the
cultures at 37° € in hunud athmosphere and ohserved the usual growth
as described before

The growth was good on blood agar plates with pH 96 witlin 48
hours The termmal pH in glucose m broth was 1 3 after 3 dnvs growth
The stramn was resistant to optochm

Detection of hyalurenic acid  After cross-straahng a hyaluronidasc
producing staphy lococcus and our strain on blood agar, the growth of
the strain was non-mucoid for a distance of about 1 cm from the sta-
phylococcus streak

A prcclpﬂ.xtlon test with the acid-extracted antigon was positive with

Lancefield’s group D antiserum but negative with the group ntisera
A and € In the gel precipitation test the extracet reacted with the group
antiserum D, but failed {o react with the oher sery from group i

through O
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THE INFLUENZA VIRUS HAEMAGGLUTINATION
INHIRITION BY ANTIBODY TO HOST MATERIAL
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Anght showed that rabbits njected with normal chick allantoic
malerial produced antibody which snhibited the haemagglutination by
miluenza yirus grosn m chick embryos (18) Haemagglutination m-
habrtng (HI} antthody reacting with the viral host material was also
demonstrated 10 persons gnen an njechion of ordinary influenza
vaceine (10) and n fesrets which repeatediy had recenved ntranasal
mstillations of chick allantoic flurd infected with influenza virus (8)
The acteetion of antibody to host material was facihitated by ibe use
of purthied virus in the HI test, and 1t was shown that the antibody
was neutralized when normal allantoie flurd was added (8,10) This

paper presents a more comprehensnve study of the HI anitbody to host
material

MATFRIALS AND VETHODS

Virnsss Tha ax ar weant . .
heen .
differ .
. .
- .

. . .

¥ allantoic virnd 15 meant virus which has been obtained fro S
fluid of inculated chick turkes or duch embryos By mouse lung ?:r:.‘; :}I:n"e‘::,:
¥irus chiained from tracheo tronchual washings o lung suspensicns from satra
naally inculaled white mice The chick embrvos were 10 dars the turhes and
uck embryos 12 13 days old when thev were inoculated this took place intra

Alantsically tnGuenza B strains were hay

mested after 3 d9avs the other str.

after 2 days «f ncubatlon usually st 35* C. The normal allantaic nuxd:‘\:‘ns

n.?;\\.d from embrios <[ the same age 23 the infected ones e
e virus cluates were prepared by addin,

. K 1 per cent pached red cell

\r‘:!:l“\l:re\‘prsg‘:;l‘:l » 'rh‘ex Juspension was left for % hour at 0* b s:cb\iqt.oenln};\e

s were w8 and the virus elut .
hours Except when < therwise stated rmll:-:l?s':zen:::lﬂ e a3 for 12

The auth r s inlebted to \irs B,
£ kit technleal assistuney ae Mrs B Fgelanlsial and Mr 4 Bye Hansen
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the fiecalis group, and m addition the stram belongs to Lancefields
group D

The stran scems o produce hyaluronic acid capsules The chromato-
graphic results seemed to ndieate that the polysaccharide was conta
miated by another polysaccharide containing galactose, glucose, fucose
and, possibly, galacturonic acid However, our analyses of the poly-
saccharide 1solated from the non-mucoid streptococcus showed that
this stran also produces a polysaccharide that contains galactose, glu-
cose, and fucose while the mucoid stran produces hyalurome acid
addition :

The spot corresponding to galacturonic acid may be duc to a disac-
lchan(lc, as hyalurontc acid seems to be partly resistant to acid hydro-
ysts

Henrtksen & Joner (1962) found the same sugars from the capsule
extract of their Streptococcus zymogenes by chromatography They pre-
sumed that their streptococcus product was a mixture of hyaluromc
acud and another polysaccharide Our mvestigations probably explun
the occurence of these sugars

By way of concluston 1t must be added that the htterature from
recent years includes a description only by Henrihsen & Joner (1962)
of 1solation of a hyaluronic acid producing enterococcus strain There
can be no doubt that the strain here deseribed also 1s a hyaluronic acid
producing strain

STMMARY

A strongly mucod stram of atypical Streptococcus feecalis 1s 1solated
from the urine of a patient with uriary tract infection The myeshiga-
ttons show that the stramn 1s producing hyaluronic acid
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antigen 1 the normal allantoie fluid, and 1t 1s seen that this antigen
18 ackive 1 rather hgh ditutions 1n the HI test Also HI antibody found
after immunization with normal ehick chorsoallantoic membrane was
nentrabzed by the normal allantore flud antigen In the follo\‘m:g,
sections the anthor uses the terms “host specific” and “sirus specific
antibodies Host speaific antibody, as will be shown below, is prodoced
when the host mate rial 1s admimistered, whether virus 1s present or not,
and 1s charactenstie only of this motenal Virus speafic antthady 1s
produced only when virus matenal 1s adminrstered, and 1s charactenstic
of the sirus only

TABLE 1
Haemagalubinatton Inkibttion Test with a Red Cell Eluate of Chick Allantoc PR-8
and a Cholera Fultrate treated Serum from a Rabbit repeatedly Injected 1o uwnth a
Normal Chieh Allantoic Find Seriol Bafutions of an Untreated Normal Chick
Allantorc Flurd Were Added to Sersal Serum Dilutions in a Chessboard Tttration

“umber of the hacmag

Jlation of the nor glatinating virusdoses | Serum titres adjusted
D(md ';Ih;'q‘:"u':l-l m Ih‘e pme“:;:“o‘v the tod n.\em.ggh;in.unz
allantoic fluid
5 3 <15

10 4 <io

20 7 20

1w 12 15

30 12 60

160 12 90

320 12 120

640 12 180

2360 12 210

saline only 12 10

3

Host Specific HI-Antibody after Insection of Virus Infected Matertal

In rablats which bad recened injections of virus nfected, chick
allantoic fluxd or pursfied, chiek allantoic virus host specific Hl-anti-

body could he demonstrated by testing the sera with a chick allantoic
et . specific antibody to the
[ ' . " following njections of
o .

1 PR & could be demon-
sirted When the sera were tested with chick allantoe Lee, a B strain,
provided the latter virus was free from allantoic flusd That this -
hilition was due to host specsfic antibody and not to mimor erossings
between sirus specific anbigens 9), or to any contamination of the
wyceted matenal with a4 B-stram, was demonstrated by the inhibition
neutrahizing effeet of the normal chich allantoie fluid, and by the
absence of inhintion when the sera were tested with a virus gm\.m n
3 dulferent host, sce Table 2 (see also Section 6) It was cheched that
the duck allapime Lee was not loss sensitive than the chich allantoe
1ce to homologous, virus specific antibody The Jast one of the sera
0 the table was in addition tested wath mouse lung Lee, and gave lh‘e
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Immune sera In a single experiment (Section 9b) convalescent ferret sera were
examined The other experiments were performed with sera from rabbits which had
recened several mtravenous injections of the antigen concerned Usualls the rabbits
recened 6 1njections within one month the immune serum was drawn about a weeh
after the last injection Booster doses were sometimes given I veept When othermise
stated the sera were treated with cholera filtrate (Philips Duphar) an erder to
destroy normal mhibitors (28), and absorbed with 10 per cent fowl red cells 1n
order to remove serum haemagglutinins

Hl-test This was performed in the World Influenza Centre * Perspex  plates as
previousls described (15) The antibody titres correspond to 4 Tutinating
doses of the virus When HI antibody to host material was titrated a red cell eluate
of the virus was alnays emploved The diluted eluates used as antigens were found
to be more stable when they had been made up 1n buffered saline instead of the
normal one which otherwise was employed in these experiments One volume of 015
A potassium phosphate buffer pH 72 was added to 9 volumes of the 085 per
cent saline

HI-test 1n the presence of normal allantore flurd As a routine the fluid was first
treated with an cqual volume of cholera filtrate over night at 37° C folloned by
1 hour at 56° C and absorption with 10 per cent packed fowl red cells for '» hour
at 0° (, To each serum dilution in the HI test was added 025 ml of the pretreated
allantoie flurd and the mixture left to stand % hour on the bench at room tempera
ture before the red cells and the virus were added (although experiments shoved
that 5 minutes would have heen suffictent) In a parallel test normal saline onlb
was added

RESULTS

1 Ewndence that the Antthaemagglutinin Resulling from Injections of
Normal Host Malerial Is an Antibody

Tirst 1t was cheched that this antthaemagglutinin was not a normal
serum inhibitor The inhibitor reacting with PR-8 15 the « (Francis)-
inhibitor, wlhich 1s heat resistant, but sensitnve o the receptor destroy-
ing enzyme 1 cholera filtrate Normal rabbit serum was compared with
scrum drawn after injectrons of normal chich allantoic fluad In an
HI-test agamst chick allantoic PR-8 the titre of the normal serum
pefore treatment with the enzyme was 80, after treatment <10 The
titre of the immune serum, howesver, was unchanged 640 The mcreased
content of antihaemagglutimin n the mmmune serum could therefore
not be explamned as due to an mcrease of normal serum mhintor

Next 1t was examned whether the antithaemagglutimn resulting
from nyections of normal chick allantore flurd would re et an vifro with
the fliud In a chessboard titration serial 2-fold dilutions of an un
treated, normal chuck allantoic fluid were added to scral 2-fold dilu-
antiserum agunst the fluid, and left on the bench at room
for 2 hours Subsequently a 05 per cent fowl rcd cell
cuspension »as added and immediately afterwards chick allantoic PR 8
All components werc added 1n volumes of 025 mi The effect of the
pormal allantore flnd inhibtor on the haemagglutinin was examined
n a simultancous titration  The result 1s shown 1 Table 1 s usual
the HI-titres presentcd have been adjusted so that they all correspond
tod haemagglutinating doses The {able shows that the normal all intoic
flmd can neutrahze the antthacmagglutimn which 1t had produccd
1n piwo This antihaemagglutinin must thereforc be an antibody to an

tions of an
femperature
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TABLE §
Antibody Tuires of Sera I‘:om a Rabbit Repeated])
VT oM B ae T

y Injected 10 with one ml of a
. L ene IO

2luti Haemagaluti-
l‘ll:l:(::.l%‘hm“ H,zmz%'élullhlm:l‘ng nlag:dgy
Y atr anti
Day number Titres orimjection | 202 antibody e A whS
guines pig
“ allanioic P18 red cells
[ Titres < 10 <5 <5
0 2 4 Injected
4 Titres 10 <5 5
21,23 25 Injected
35 Titres 100 10 20
100 Titres < 10 10 10
100 Injected
107 Titres 480 10 20

This conclusion 12 10 agreement with the result of a comparison be-
tween the Hl-Uitre and the haemagglulinating serum titre at dufferent
stages during the smmumzalion with normal chick allantorc flumd
Table 3 shows that the former titre fluctuates more than the latter,
indicating that HI antibody 15 diferent from the haemagglutinating
As expected from these results an attempt to produce Hl-antibody by
mjecting a rabhit 1 v with fowlred cells failed, although the haemagglu~
tinaling titre reached 5000

In another experyment fowl and human red cells were compared n
trations of host specific Hl-antibody Anth chuch allanteic Lee serum
was tested with chick allantoic PR-8 Fow! and human red cells were
used to prepare the eluates and to remosve the serum haemagglutimns
The results are shown n Table 4 1t 1s scen that fow] and buman cells
recorded practieally the same titre values Alse fowl and gumea prg
red cells were compared Second eycle eluates of chich allantoic PR-8
sere prepared with either type of celis and tested with an antisernm
against chuch allantowe Lee When fowl colls were employed 1n the

TABLE 4

Fluste preared

Mtaemazalutina

with red eells Sern atuorbed tion mhibition [ tmmune
with red celhr from | Vet performed | Normalserum 1, e
m with red cetls { S -+

hitres

—_—— ™

owl

tawl

fowl <9 =
man man
man man :::': 2 % 3%

- =%



320

titre < 6 Table 2 shows that the addition of the normal allantoic flmd
id not reduce the virus speaific antibody titres, which were recorded
with duck allantoic PR-8 In another test 1t was found that the allantoic
fluid did not reduce the titres recorded with an cluate of chick allantoxe
PR-8 neither

It was found that rabbits which had recened njcctions of virus
infected, chick allantoie fluid or purified, chick allantore virus, usunlly
presented lugher host specific HI-titres than the rabbits did, which had
recenned normal chick allantoie fluid or chorioallantoic membrane sus-
pension

TABIT 2

Haemagglulination Inlibition Test with Purifted Viruses (Eluates) and Cholera
Fultrat( treated Scra from a Rabbit Injicted Repeatedly 1v wnlth one ml of PR3

Infected Chick Allantorc Flurds Also the Normal illantoie Flmd Had Been Treated
with Cholera Filtrat

Testad agunst Chich tllantoic Duch allantaie
Lec Duck e
S — ‘ -=——| nllantore ‘
ce Tlus
11 lus 1
Date of titrcs and {njection salthe "L?l\;::*’l:l Siine ‘if:'n’e ‘ "ehick
only allantor only only allantole
Nnid | fhnd
Litres Nov 2 1959 <9 <9 < 6 <9 <9
Injected Nov 2 4 6 23 25 27 - 1959
itres Dee 7 1959 576 9 L6 4600 4600

Injected May 4 1960 and March 17 1961
I'itres Deec 9 1961

Injected Dee 9 1961

Iitres Dec 15 1961 2300 36

72 <9 <6 1150 1150

<6 2300 2300

3 Does Host Spectfic HI-Antibody Reacl unth the Virus or with the

Red Cells?

In order to answer this guestion the effect of treatment with fowl red
cclls on the HI-titre of an antiserum aganst normal chuck atlantore fhnd
was first exanmuned To the cholera treated serum was added an equal
vaolume of a 15 per cent suspension of the red cells, and the muxture
kept at 0° € for one hour Subsequently the cells were spun down an
the cold, and the unabsorbed and absorbed sample tested with chack
allantotc PR 8 It was found that they gave the same titre, 420 The ltre
of the corresponding normal serum was < 10 Also the sera m Table 2
were tested unabsorbed and absorbed These sera were treated twice
with 10 per cent packed red cells for ¥ hour at 0° C Also here the
absorptions failed to reduce the Hl-litres As regards the titres of the
aemagglutimm they were quite low already in the unabsorhed
sera (10 or less) The absorptinn(s) gave, howeser, distinet titre reduc-
trons It 15 concluded that the Hi-activity of the host specific antibody
bhe due to a reaction between serum and red cells, and the
¢ be a reaction hddween serum and virus

serum I

can not
explanation must thercfor
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the mouse line were tried Fowl and mouse ted cells were used to pre-
pare the cluates, to remove the haemagglutinms from the scra, and in
the HI test The expermments did not reveal any haemagglutination
inhibition of mouse ung virus by antihody to host material Meither
was the ferret mouse strain Talmey, a human A-stram from 1937 which
never had heen passed n eggs, inhiited by an anti normal mouse fung
serum

b Virus grown it duch embryos Immune sera were prepared against
normal duck allantoie fluid, duck allantoic PR-8 and Lee The sera
were HI tested with duck allantoic Lee and PR 8 Fowl and duck red
cells were used to prepare the cluates, to remove the hacmaggiutinins
from the sera, and in the Hl-test The experiments did not show any
h wnation bt of duck allant virus by anbibody to
host materal

¢ Virus grownn turhey embryos Sera from one rabbit injected with
normal turkey allantoic fluid and 5 rablits with PR 8 infected turkey
allantoic flmd or a turkey red cell eluate of turhey allantoic PR-8 were
tested with a fowl cell eluate of turkey allantoic Lee All ansmals showed
host specific HI antibody, although the amount was quite moderate m
3 of them (titre only 24), including the one which had recerved normal
allantore Nuid Attempts to demonstrate host speeific HI antibody 1n
the latter animal by means of PR-8 failed The titres 1n one of the 2
Tabiuts with a good anttheds deselopment 1s shown 1 Table 5 The
duck allantoic Lee was meluded as a control, see Sechions 2 and 6

Strains which had been adapted to the chich embryo, grew to high
titres in the duck and turkey embryos already 1n thesr first passage in
these hosts, and this passage was employed m the experiments described

TABLF §
Harmagglutination Inhibiling Anttbody Titres of Sera from a Rabbit In
gected with
PR Infected Tuthey Altantoic Flud Fowt Red Cells Were Emploged also tn this
Frperiment

\ Tested with red celt etuates of

Tatre. Turkey allantole Lee ek [ Tarkey atfant
Dy aumber e Al [ IR M PR
1 ingection e I Plus
sline | Turkey  plus [Flussaline| formal
onlv | aliantoic  saline | only [ JfRe
[ only fluid
[ Ttres 6
026212325  Inected < < € o<r <
12 Totres

192 <% <9 2300 2300

©  Cross-Reachions of Host Specific HI.Antibodtes

thtl:c};\p:kl n:x):l turhey a‘ll:mlmc Miruses were inhibited by antisera agamst

un‘!;$ I’lrh:‘\&:;:gnl:d allantoic fluds nfected with not-crossing
ere not

o nhibited by ant: mouse lung <era As
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HI-test, the two eluates recorded the same antibody titre, 400 When
gumnea pig cells were employ ed instead, both cluates recorded the titre
200 The results of these comparisons support the conclusion above,
that it must be the virus which reacts with the serum

4 Is the Host Antigen in the HI-1est an Accidenlal Conlanunant or a
Necessary Component of the Virus Particle?

First 1t was exanuned whether additional cycles of adsorption and
clution with fowl red cells might reduce the sensitivity of the vurus to
host specific Hl-antibody It was then found that when 1st, 2nd and 3rd
cycle cluates of chich allantorec PR-8 were tested aganst antiserum to
normal chich allantoic fluid or chick allantoie Lee, there was practietlls
no Hi-titre difference between the cluates

In another experiment chick allantoic PR-8 purified by means of
differential centrifugation (1 hour at 2000 X G, 1 hour at 12000 X G)
was tested against antiserum to chick allantoic Lee and found to give
nearly the same HI-titre as an eluate

Jensen pomnted to the possibility that treatment of the virus sus-
pensions with ether might release antigens or change antigenic structure
i such a manner as to shed more hght on the problem of the nature
of the host-tissue components of influenza virns (16) In the followmng
experiment the host speerfic HI antibody sensitinty of the haemagglu-
tinin from ether disrupted virus particles was examined A second cycle
cluate of chick allantoic PR-8 was treated with ether according to the
method of Hoyle et al (14) by shakmg the cluate with half its volume
of ethyl ether for 5 seconds, then leaving the mixture for one hourn the
wb al 37° C, shaking again for 5 seconds, leaving another hour m the
w b and then spinning at 1800 X G The aqueous layer, cxpeeted to
contam released hacmagglutinin as well as intact virus particles, was
subsequently spun for 2 hours at 25000 X G, a procedure wiich sedi-
ments the intact virus particles and leaves the free haemagglutinn in
the supernatant In the latter no virus particies could be scen the
electron microscope The released haemagglutinin was subjected to an
adsorption clution cycle When the untreated virus cluate and the free
haemagglutinin were compared mn Hl-tests agamst anti normal chick
allantoic flmid sera, the haemagglutinin gave even higher titres than
the 1ntact virus did, a finding which shows that the cther treatment had
failed to remove the host antigen from the haemagglutimn A similar
cxpenment with Lee virus particles was also negatine

5 Does Host Specific Antibody Inlubit the Haemagglutination of Virus
Grown n other Hosts than the Chich Embryo?

a Virps grown in mouse fungs Immune sera were prepared agamnst
ousc lung, mouse lung PR-8 and Lee The sera were Hi-tested

al m
norme and PR-8, of the latter stram hoth the egg hine and

with mouse lung Lee
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8 Does the Sensttwily of the Virus to Host Specific HI Anlibody In
crease with the Adaplatton of the Virus {o the Host?

The two PR 8 lines were compared as anfigens 1 an HI test against
sera drann before and after injections of normal chick alantore flnd
Chick allantorc viruses were used of the mouse lme the first passage
1n ehichs The cgg lne gave the HI titres < 15 and 60 the mouse line
30 and 180 A simular difference was obserted when the viruses were
tested with 7 antt chick allantorc Lee sera Thus the egg hne was not
more sensitive than the mouse lne to antibody agaimnst chick allantoic
material

In another experment 17 successive chich allantoic passages of the
stran A2Norway/1i58 were HI tested with rabhit antisera against chick
allantme PR 8 and Lee and with convalescent ferret sera against
A«Japan30527 FFME The first passage tested was chich amniohicy
atlantorcs earher passages were not malable for this expeniment The
rabint sera had to be pretreated with penodale i order to destroy the
normal inhiltor to these viruses (12) Wath the ferret sera the standard
tretment with cholera filtrate (28) was sufficient It was found that
there was no substantial difference hetween the various passages as
regards their sensitinaty 1o host specfie and virus speaific HI antibodies
~—A chesshoard titration with serial 2 fold dilubons of the passages
amals amale and amalie agamst serral 2 fold dilutions of ant; chick
allantoie Lee did not disclose any heterogeneity within the antigens as
regards their senstivty to host specific Hi antibody

9 Host Specific HIl Antibady and Anligeruc Comparisons of Influenza
Stratns

a Sera from ummunized rabbus In 1 previous investigation 1t was
found that some of the rabints injected with chick allantoic A strains
other thin A~ presented HI antibody to chick allantote A~strams (12)
1t was suggested that this phenomenon mast hikelt was due to host
speafic antibody which had not been completels neutrahzed by the
Lerodate treated normal chich allantoic fiwd added In the present
westigation 2 of the 8 sera concerned could be retested by means of
duck allntere ALJapan3%07 1FME namely anti swine mfluenza
Melbourne Werss Aikngland195, and AiDenver 1la7 As a duck
alintolc virus the A~-strain was insensthive to host specific HI antibody
To virus specific A-antibody however, 1t possessed a hugh senaitinaty
1t w 1 found that the duck allantoie A-virus was not hibited by the
fne ser

b Sera from convalescent ferrets Four ferrets were nen a
ntrinasal msl:llalmn of one ml of chick allanioic ﬂu:dgxnreclmlu\':?(llcx
AeJapand0r o7 FEMI This tesulted 1n detectable host specific HI
x‘\‘n‘:;l'lod\ (l('\:'lﬂlmm\l W all four ammals The titres of the antmal

chi presented the hughest Uitees of host speeifye antihody are shown
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shown in Table 6, turke; allantoic Lec failed to give a sharp endpomt
when htrated with the antiserum agmnst chich allantoic PR In
another test turkey allantoic PR-8 was not mhibited (titre <5) by an
antiserum agminst normal chich allantoic fluid, although the serum
gave the titre 800 with chick allantoic PR-8 Mousc lung and duch
allantoic viruses were not mlubited by antisera aganst chich, turke
and duch allantoic fluids or mouse lungs, whether normal or nfected
with not-crossing strains PR-8 and Lee were used in these experiments

TABIE 6

IHlaemagglutination Inhibition Test Showing Cross-Reactions between Host Specific
Antigens and Antibodies

Tested nith fon! red cell eluates of

b p
Rabbit atisern naiost Chie Turkey Duck ouse Duck
allantole | allwtorc | allantole ing | ellntorc
Lee Lee Te ee PRE
Chick allantoie flmd 4600 18144 <9 <9 960
Turkes allantoic flud 144 288 <o o 1440
Duck allantoie fluid 108 288 b <9 960
Mouse Jung eluate <9 <9 <9 <9 360

In a prehmmary cxpennment fowl plague virus grown in chich
embryonic skin tissue culture failed to be inhibited i an HI-test agunst
an anti chick allantoic PR-8 serum, although the serum hubited the
chick allantoic fowl plague virus (see the following section)

Fowl, turkey and duck red cells compared 1n an HI-test performed
with chick allantoie virus versus anti chich allantoic serum gasve onlt
munor tire differences

7 Vartous other Stratns Exanuned on thewr Sensulinly lo Host Specific

HI-Antibody

The sensibmity of PR-8 and Lee was dealt with 1n the precedmg
scctions In tlus section expermments with various other strains are
described All of them had been adapted to the chick embryo and were
tested as chick allantoic viruses The followmg strains were fested with
an antisecrum agamst normal chick allantore fluid, and all gave a
dishinet mhibition  Swine nfluenza virus and the human A-strams
WS (1933), Melbourne (1935), Weiss (1943), FM-1 (1947), Ax I'ngland
1/51, AvPersiv2/52, AvIndiw31/55 AvItaly/32/56, further the B-strans
BON (1943), Craxley (1946), BCngland/9 54, BNctherland«/2835 An
antiserum agunst chich allantoic PR-8 gave a distinct mfubition of
AxJapani305157 LFML, ATowl plague (Rostock stram), A/Horse mn
fluenza (Prague), B Norway/1/61 and mumps 1irus (Endcrf struin),
while A/Duck influenza (Czech stran}, mfluenz C (Taylor’s stram)
and Scndai virus (HVJ) faled to show any inhiition
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still unknown and in hus HI tests the inhibitor therefore might hase
mashed a moderate amount of host speeific antibody

The author also demonstrated that the host speeific HI antibody
reacted with the virus ind not with the red cells On the other hand
sartous worhers hase shown that antiscra agamnst hosteells nterfer

with irfection by menns of cellantibody rather than virus antibody
reactions (3 6 24 20)

A erncial problem 1s whether the host material 15 an accidental con
tumnant or a necessary building stone of the virus pathicle (16) Sub
stantial amounts of host matenal are found also with highly purified
myxoviruses Thus Antght found 20-30 per cent (19) Cohen 2o 57 per
cent (4) Vunk & Schafer 42 per cent (23) There was no report on the
content of host material 1n 1solated haemagglutimn —3 arious authors
have demonstrated a great similanity between the chemical composition
of the virus and the corresponding normal host material certan
differences have also been ohsermved (1 5 13 17 18 20 21) Fromm
hagen et al wrole that 1tis diffieult to escape the conclusion that host
components are wncorporated into influenza virus particles some time
duning their fabricntion  As regards {he antigenic relationshup Anight
found that highlh punfied sirus gave distinet cross reactions with nor
mal host matenal in the precipitation test (19) and Smuth ef al did the
same 1 the comploment fixation test (26) These authors concluded
that the host matenal or some closely related dernvatines constituted an
integral part of the virus particle Ananfhanarayan arrived at the oppo
site conclusion 1n his complement fixation expermments the antigeni
cally related host material found with the virus particle was probably a
contaninant 12) He toe however failed to prepare virus particles free
{rom host material Aroeger showed that chick allantoic influenza virus
coutd be purified so that it no longer contamed anag hylactogenic
matcnal (22) Springer & Thtel found that ordinary wnfluenza vaceine
and chorieallantorc maternal from normal eggs contained hloodgroup A

wchive substances (27)

The present author fuled to reduce the host specific HI antibods
sensilivty of the chick allantoie virus cluate by subjecting, 1t to addy
tional eveles of adsorplion and elution with red cells \either did the
tsolated haemakglutimin show a reduced sensitiats These negatne
resulls €l to diselose whether the host antigen 15 an extrancous con
tumnant or 1 functional part of the haemagglutimin Thes only show
that the Bost anbicen was not removed rom the rost of the h\vr;xngglu
e ek et o DTSt i he s
of the duck alantcre . Porated into the hacmagglutinating antigen

anlcie viruses These viruses were not inhibited by ants
seram apunst duck allantoie material although such serum inhibit
the chick and turhes 2Mantore anses hibited

When sern from ammsls immunmized with chick allantor
were emploved m sbewn studies the dueh dlntoe viruses ::’1:0::-1:;:;
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TABLE 7
Titrations Showing the Rapid Appearance and Decline of Haemagglutination In
ibiting Antibody aqainst Chich Allantowe Material in a Ferret Infected by ar Intra
nasal Instillation of one mi of Ax/Japan/305/57 EFVE Bearing Chick Allantore Fluil

Tested a,unst chick allantoie
[
Serum drmn \ g G L gee | RSiRG
] e e, T
(o tne mouse ¢ 2o Aanteie

ine only iy
Before moculation <6 < 6 <9 < 6
7 davs after inoculation < 12 750 72 <8
11 davs after inoculation 12 3000 18 <6
16 davs aftcr inoculation 12 1500 9 <6
26 davs after inoculation 18 500 <9 <6

m Table 7 It 18 scen that the host specific antibody reaches 1ts max
mum titre earlier than the virus specific antibody does, even when the
latter 1s titrated with the antibody sensitive line of A Japan/305 57
(10,11)

In a previous mveshigation the antigenie relationship between m-
fluenza strans was studied by means of cross-infected ferrets, wlhich
devcloped a more or lcss prenounced, occasionally no, mcerease of the
Hi-titre to the first stram m response to cross-infection with a second
one (7) The antigens i the HI tests consisted of diluted, virus beanng
chick allantorc fluds In the present muestigation these sera were
retested 1n order to see whether host specific Instead of virus speafie
antibodies nught have heen responsible for some of the ncreases
observed previously The new titrations of the A: antibodies were per-
formed with duch allantoic Az Japan/305 57 LFME, while the antibody
titres to the other strains were determuined with cluch allanteic viruses
m the presence of normal chick allantoie flnd In the new tests, which
eacluded host specific mhiition titre mcreases were found which were
practically wdentical to those recorded n the previous ny estigation

DISCUSSION

Apart from a brief deseription in the paper by Amght (18) the author
found no reports on the haemagglutination inhimtion by antibody to
normal host material In a subsequent piper hnight mentioned that
when he tested aghly purificd preprations of chick allintore I ee with
antiserum to highly purified, chick allantore PR-8, he found the serum
to “Iack ability to inhibst the agglutimation of red cells to a significant
extent compared suth the homologous system (19) In the present in-
Lestigation, howerer, distinct umounts of host speeific HI-antthody was
found also when virus cluates h1d been mgected Al the lime of Kmght s
e\pcnmcnk specific methods to destroy niormal serum nhihtor werc
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7 In addibion to the human mfluenza strams, swine and horse m
fluenza classical fow! plague and mumps virus were found to be sens-
tive fo host specific HI antibods, while influenza C, duck influenza
and Sendai virus were not

8 Attempts to increase the sensitisily to host specific Hl-antibody
by ncreasing the number of passages n the host concerned were
negative

9 In ferrets even a single, intranasal mshillation of influenza virus
bearing chick allantowe fluid produced detectable amounts of host
speaific HI antibody , the fitre peak came alreads within a week after
the moculation
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be useful as antigens in the Hl-tests because they were resistant to host
specific antihody and at the same time as snn'%m\c to virus specific
ant}body as the parent chick allantoie viruses were (8,9)

The expertments failed to reveal any mnfluence of adaptation on the
scnsitisity to host specific HI-antthody However, 1t remans to examine
the sensitinaty of the very first chick embryo passage of stramns 1solated
n this host The question to arise 1s whether repeated passages in duck
embryos might result 1in duck allantoic virus which 1s sensitive to s
hest specific Hi-antibody

SUMMARY

1 Rabbits were mjected 1+ with normal chick allantoic flutd and
the sera examined m the haemagglutination mhibition (HI) test agunst
an mnfluenza virus grown 1n the chick embryo (chick allantoic virus)
It was shown that the resulting antithacmagglutimin was an antibody,
and this was called “host specific” 1 order to distinguish 1t from the
antihody produced mn response to a viral antigen, and which was calted
“virus specific” The often lowtitred, host specific HI-antibody was
detected more casily when the virus antigen in the Hi-test had been
purified so that there was no allantote fld present to compete with
the virus for this antibody The viruses were purified by means of
absorption to and clution from red cells

2 Host speciic HI-anhbody resulting from mjection of a chick
allantoic virus could be demonstrated when in the hitrations another
chick allantorc virus was used, which was not mhibited by the vrus
specific Hi-antibody produced 1n response to the inected one A smtable
comhnation was a stram of the A type (PR-8) and the B-type (Lee)

3 The host specific HI-antibody could not be remoy ed by absorption
with red cells, neither was the titre correlated wath the ttre of the
haemagglutinating antibody When fowl, humn and guinea pig red
cells were compared 1n the Hi-test, nearly the same host speciftic anh-
bods titre was recorded It was concluded that this antibody did not
react with the red cells, and that 1t therefore must react with the vrus
in the HI test

4 Repeated eycles of absorption to and elution from fowl or guinea
mg red cells, or dismtegration with ether failed to reduce the sensitivity
of the virus to host specific Hl-antihody

5 Antisera against mouse lungs failed to inhibit the haemagglutina-
tion of viruses cultured m mouse lungs Netther were duck altantoic
s Iruses mhibited by antisera agamst duck allrntoic matertal Turke)
allantoic viruses, however, were imhibited by antisera agamst turhey
allantoic materal

6 Both chick and
agamst chiek, turkey
allantoic viruses wWere
bods

turhey allantoic viruses were inhilnted by anfisera
and duck allantoic material Mouse lung and duck
not mbited by any type of host specific anti-
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7 In additrion to the human mfluenza strams, swine and horse 1n
fluenza, classical fowl plague and mumps virus were found tfo be sensi-
tive to host specific HI antibods, while nfluenza C, duck mnfluenza
and Sendat virus were not

8 Attempts to increase the sensiivity to host speaific Hl-antibody
by increasing the number of passages m the host concerned were
negatie

9 In ferrets cven a single, ntranasal inshillation of nfluenza virus
pearing chich allantoic flud produced detectable amounts of host
specific HI antibody , the hitre peak came already within a weeh after
the moculation
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FROM STATF\S SERLMINSTITL  TRFPO\NFVATOSFS DFPARTMFNT
COPENVHAGEY DENVARR 4ND FHE VDT SFOTION WORID HEALTH
ORGANIZATION GENEVE SWITZERLAND

FVALUATION OF THE FLUORESCENT TREPONEMAL
ANTIBODY TEST (FTA)

By
H Aace Nietsen? and Oy Ipsor”
Rece sed 61¢62

In Januiry 1907 Ad Harris W F Deacon & € A Smith (10) re
ported 1n a brief communieation that studtes were planned to decrde
whelher the fluorescent antihody technique could be apphed to the sero
diagnosss of sypluhs

A pubheation followed shortly after this deseribing the technque
and gnang tables of the prehnunary sesuls (4)

During the noxt few Years seseral publicattons apgeared on the
“fluorescent treponemal antibods test  (FTA) as the new test was
called

The FTA test was examined 1 the Treponematoses Depar{ment of
Slatens Seruminstitut Copenhagen s closer famliarity with this me
thad was felt destrble considening its possible use 1n the program of
rescarch and  though to a lesser degree—its possible rouline use The
department participated 1n two international eollaborative studies on
the speerficity scnsitiaty and reproducibihts of the FTA test These
studies were under the leaderstup of Ad Harns Chamblee USA A te
M riof the first study has appeared (22) while the second study has
b en concluded only recently nd the rej ort 15 in course of preparation

Previons Publicalions

The hterature to date has been studied and o comparatine tahite has
Feen ye¢q aned of the vanous results obtamed so as to clucidate the
speaifieity aud seasitnty of the FTA {21\ number of Quantitatne

resullc are also recorded (Talle 1) Table 3 1s 1 brief schematic but
prachical resiew o the technigue wsed yn obtan

ming the results shown
m Tatle 1 and Table 2
TWew ulftiket cxtend -0 a
ing ul the ' arm
T The nt



S A Ramp

TRV MY

av s

Selewir i h LN wrews mop ALae g s .
v @ TR 1 o u [ [
£ O ] L 6
9 ¢ Y H o A B 0 quiny
[ [ [ S 1 o u 0 u 0
ooy sipydils Juapn g Paiposyun supuy His Juapo
[ [ ) | S ] [ ] z ozl LA TTY
S 0 | S 6
1 [ [ T T S Y
61 016 (ST T8 wDs Jo nqung
z ¢ 0 ¢ 003 0 ¢ s 00 L6 oty o g
(] (S 4 0 ¢ i 0 91 0091 0 9t o1y o g1
PAjuaLy sipydlis Ampuosas PapIun $ipgdlls Banpuosr
™
@ %8z %6t %59 %L %bY %iL
- 117 89 ¥ 68 gL 9% 0gL 8L 901 £ 081
ioo s 9 [
4 g0 0F 0 7l 7 0 P8l o000e 0 gz
4 81 8 T te L . [ 0 8
§ oL £ 82 A TR [T 19 69 608 iy o aaquing
Fooo o 0091 o ¥ s I 6 € L ez g
sjlun
91
9 7 [ 0 8 i aungy ¢ 11 gog [ S 2
Pvasy sipydfis davunsy paasun sipydils Havuniyg
| | U\
[CRRITEN
UYL u N u o |y unu |us o AT B S
ou
xew xew | xw xow " spowan
sup| SIS |Shp| rr | \Li ._.uﬂ___ﬂi I IR R CA oy N

SUOHLIYGH SNOIIM WOL] 1§ PUD JJL VL YHA S1H1s0Y 10916070135 o uosindwio,)

T TTvL



333

TABLE 2

of Serological Results wnth T4, TP and STS
Comparan of S eoious Publications

e

bl
; Titer et ‘ STS :wa'n
ethods FTV | max ] o
Reactisfiy 34

R N\R | refe
|rences

rnonrn(‘il\l!)i R ONR ﬁk R
R

Sq11 (Dement paral
Tabes

C\S asympt
5 vasculanis)

15 ¢ 196830 1% 0 15 0 1 (treated + untreated)
5

2s o 25600 28 0 2 T
23 1 26 6 199 33 1
umbersofsera “ro g 4 2 6 0 7 Utreated + unireated)
(10 sera ot tested (STS))
3 0 3 0 2 8
302 19 I
9te, 980, 31,
Other diseases
) 0 4 4 0 1
[ 19
Numhcesofsers gy FRR TR S A 4
9 100 o0 100 1 42 9
4 214 8 210 15 147
18% 37 93%
Presumed narmals
o 4t o 41 1
0 2B 12 8 o2 5
Sumbervofsera 4 34D 190327 1 35 19
156 0 81 p 81 2
o 153 0 465 0 465 24
5 9 20 914 1 892
05 21 p1en

Table 1 shows that 1in prim
silive than the Trey pal Test (TPI), while
there s no significant difference n <ensitiaty between the two sero-
togeal methods 9 far as the other stages of s3philis are concerned In
the section of Table 2 showing the results with sera from cases regarded
as discases ather than <yphilis, the PTA test 18 found to hase a lower
pescentage of reactivaty than the TP test, te a greater speciliests It
mught be mentioned 1n this connechion howeter, that all the reactise
sera m tius portion of the table ongmate from a single publication

amsng those mentioned The stme 35 fargely frue of the results for
presumed normal persens

ary syphilis, the FTA test 15 more sen-
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MATI RIAL AND MI'THODS

Antigen Ireponema pallidum Nichols™ strain extracted frem rabint testicular
tissue an 0 85 per cent salmme The suspenston was c(entrifuged for about 5 mmutes
at 2000 G to remove blood corpuscles fragments of tissue and spermatozoz. The
concentration aimed at was about 35 X 109 treponemes per m! A suspension such
as this could be used for several weeks if stored at 4° € N\ preservative was sdded

The suspension conld bhe Ivephilized and used with satisfactery results

Conjugate Rabint antihuman gamma globulin conjugated with fluorescen 150
thioevanatc The dyve stuff was supplied by Sylvana New Jerses USA and the
rabbit antthuman gamma globuhin was prepared an the physico chemical depart
ment Stafens Seruminstitut The conjugation was done according to the procedure
deseribed by Borel & Durel (1) In later preparations non bound dyve was removed
after conjugation by means of a sephadex column (14) saving much time

Phosphate buffcred saline was used pH 72 (as Difco Haemagglutination buffer)

Maounting medium 1 part buffcred saline plus 9 parts chemically pure glveenne

The teehnique wsed was by and large that descrthed in Serological Tests for
Syphilis Manual 1959 (22)

a) a aircle of about 1 em diameter 15 drawn on an acetone cleancd slide by means
of a diamond styvlus One drop of antigen 15 placed within the circle and air dried
prefurably by warm air

b) The shide with the dricd antigen 1s immersed i ncctone for 10 munutes and
agamn air dricd

¢) The antigen spat is covered with one drop of the serum to he cxammed The
serum was primarily diluted i buffered saline mast often 1n a dilutzon of 1 200
but 1n special experiments an undiluted serum was used as well as dilutions 1 10
and 1 200, no actual quantitatise test was made The scrum was heated to 56°C
for 30 minutes before use On r¢ cxamination the scrum was apmin heated to 56°C
for 10 minutes The slide with the antien spot coscred with serum was incubated
for 30 minutes at 20 22° C i a closed humidified container to hinder drying

d) Rinse with huffer saline

e) Blot gently with filter paper

£) One drop of ccnjugate diluted 1n accordance with the titre most often 1 40
15 placed on the serum treated antigen spot Incubate for 30 mimutes at 20-22°C
protected against deying up (as in step ¢)

£) Rinse with buffer saline

h) Place one drop of mountimg medium on the spot and cover with a cover sip

1) Read within 1 2 hours as the fluorescence 1s quickly weakened on storage
even in a refrigerater

It will be obsersed that the shde 1s not rotated during phases ¢) and f) that the
test 15 carricd out at room temperature (20 22° C) and that Tween 80 15 not used

The microscope used Was a binocular Zeiss Standard mucroscope GFL 658632
Mumination was with an Osram bulb type HBO 1 I xciter filter BG 12 Barmer
filter 1bove no filter helow UV barrier filter Magnification 500

The results of the readings were recorded as follows

;\'Znn:l\”cl::lfcf(lrl‘fncrc‘ccncc + } designated as non reactne

Clear flu resenec P
Strong fluorescence +++ § designated as reactive
++

Very strong flucrescence ++

All sera examined 1 the FTA test were alse examined 1n 1) the TPI test using
the technique deseribed 1n (18) but sith 40 per eent complement by solume 2) the
W assermann complement fixation reaction using March s mcdification with cardio
Upin antigen CWRY 3) hahns standard test hR and 4) Mermche s clarification

0
lcs‘l"hl‘?cs(lzlll)s of the TPI test are g1ven as non reactine — or reactive + while
CW R\l and KR are gnen an degrees of strength for example CWIM

of
the resulls { the results of VIt are ginen semi quantitatively by — + + of

11 KR 9 and
+4+ (20)
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MATIRIAL AND METHODS

Antigen  Treponema pallidum Nichols stramn extracted from ral bt testiculat
(lssquc n 085 per ccnt saline The suspension was centrifuged for about 5 minules
at 2000 G to remose blood corpuscles fragments of tissuc and spermatozoa. The
concentration aimed at was about 35 X 105 treponemes per ml A suspension such
as this could be used fer several weeks 1f stored at 4° ¢ \o preseryatne was added

The suspension could be Isophilized and used with satisfactors results

Conjugate Rabbit anbihuman gamma globulin conjngated wath fluorescem 1so
thiocvanate The dye stuff was supplied by Sylvana New Jerser USA and the
rabbit antthuman gamma glcbulin was prepared 1o the physico chemical depart
ment Statens Seruminstitut The conjugation was done accordmg to the procedure
described by Borel & Durel (1) In later preparations non hound dve was removed
after conjugation by means of a sephadex column (14) saving much hime

Phosphate buffered saline was used pH 72 (as Difeo Haemagglutination buffer}

Mounting medium 1 part buffered saline plus 9 parts chemically pure glvcerme

The technique used was by and large that deseribed in Serologteal Tests for
Syphilis Manual 19-9 (22)

a) a circle of about 1 cm diameter 1s drawn on an acctone cleaned shde by means
of a diamond styvlus One drop of antigen 1s placed within the circle and aw dried
preferably by warm awr

b) The slide with the dried antigen 1s immersed 1n acctone for 10 mnutes and
agun ar dricd

¢) The antigen spot 15 covered with one drop of the serum to be examned The
serum was primanily diluted 1n buffered saline most often 1n a dilution of 1 200
but 1n special expertments an undiluted serum was used as well as dilutions 110
and 1 200, no actual quantitatine test was made The serum was heated to 56°
for 30 minutes before use On re examiation the serum was again heated 10 56°C,
for 10 minutes The slide with the antigen spot covered with serum was ncubated
for 30 minutes at 20 22° C 11 a closed hurmidified container to hinder drving

d) Rinse with buffer saline

e) Blot gentls with filter paper

f) One drop of conjugate diluted n aceordance with the titre most often 1 40
1s placed on the serum treated antigen spot Incubate for 30 munutes at 20-22°C,
protected against dryving up (as tn step ¢)

g) Rinse with buffer saline

h) Place one drop of mounting medium on the spot and cover with a cover ship

1) Read within 1 2 hours as the flnorescence 1s quickly weal ened on storage
even 1n a refrigerator

Tt sl be observed that the shde 1s not rotated during phases c) and f) that the
test 15 carried out at reom temperature (20 22° C) and that Tneen 80 1s not used

The microscope used was a binocular Zeiss Standard mueroscope GFI 658632
IMumination was with an Osram bulb tyvpe HBO go sciter Diter BG 12 Barner
filter above no filter below LV barnmer filter Magntfication 500

The results of the readings were recorded as follows

No fluorescence
designated as non reactive

Very weak fluorescence +
Clear fluc rescence T
Strong {luorescence +++4 | designated as reactne
Very strong fluorescence e+t

examincd 0 the FTA test were also examincd n 1) the TPE test using
bhed an (16) but wath 40 per cent complement by volume 2) the
1on reaction using, March s mc dification with cardio
niche s clarification

All sera
the techmque deseri
Wassermann complement fixat
Dipim antigen CWRM 3) habns standard test KR and 4) Mo
test MR (20)

o eults of the TPI test are given as non ractnve — or reactine 4 while
the results of CVWRM and KR are given n degrees of strength for example CWRM
11 KR 9 and the results of MR are gnen semi quanttatively hy — %= + or

4+ (20)
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1n the treated cases there 15 agreement between FTa-w and TPI and
disagreement hetween these and STS the reagin reactions giung fewer
eactive cases

! The 35 cases of Table 9 may be compared to the last group in Table

8 but here there 1s disagreement between FTA and TPI o

TABLE 6
Secondary Syphl s 4f Untreated Cases

D sagreement betw een T1 [ and FT Az ’ \greement between TPI an 1FTAwe
I» t I ! I FTw
N1 ™o FT o STS
e I
1 1 1 40 40 10
TABLE 7

Secondary Spphihis 21 Treated Cases

Disagreement t et cen TP and FT Ay ! Agreement hetween TP and FTAxo

Treated old ssphilis shows non reactise FT A0 and resetive TPl in
steadity increasing degree the longer the interval from time of nfec
hion and the longer the period for which treatment has heen guen
Table 10 shows 8 cases of old treated syphilis n which FTAw 1s non
reactive but I TAn and FTA, a1 are reactine

Table 11 comprises 113 persons n whom s
were ceactive with both FT A~ and TPL

Tablc 12 comprises 510 persons of whom
rective wath STS Only three of thes,

With T A~ and TPL Among 278 who were non reacline with STS there
were iwo who were reactive with TPI and FTAmo

Table 12a gives the details of the serology of 19 persons 16 women

ble 12 10 order to elucidate n greater

detul the speerfierty of the Ty lest A number of the sera w eﬁc sery
strongly reactine with STS bt th,

Ty were all non reactive with
and TPL Chimenl dingnosis sex and age are recorded P

yphilis was suspected, 99

not quite half were or are
¢ persons were found to be reactive

2T aCTavamn 31 3
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At total of 1194 sera and 76 spinal fluid samples were examined the scra being
from 1194 persons, spinal fluid samples from 33 of these, and from a further 43
persons, accounting for 1237 persons 1n all

Al sera and spinal fluid samples had been sent to the Treponematoses Department
for TPI testing, and throughout a certain period all samples sent 1 were also
exammed by the FTA test The sera and spinal fhnds exammed had thus been
specially sclected for TPI testing Many problems therefore, could be anticipated
among the 1194 sera, such as would put the FTA test to a severe trial with regard
to specifieaity and also to some degree with regard to semsitivily

TABLE 4
Primary Syphilis, 4% Untreated Cases

Disagreement between TPI and FTawo Agreement betw een TPI and FT 4
STS P! I'TAmo STS TPI FTAx
.
- + - + - + - + - + - +
1 1 1 10 7 3 7 3
18 18 18 15 3 12 3 1”2
TABLE 5

Primary Syphilis, 6% Treated Cases

Msagreement between TP and I'T'Axg Agreement between TPLand FT \xo

5TS TPI I TAw J STS Trl FTAxo
| -
S e T B N R
I 56 % 1w 4 10
1 1 1 7 2 5 5
RFSULTS

Tables 4 and 5 cover 108 cases of primary syphil, 14 untreated and
64 treated respectively As are most of those following, cach of these
tables 1s diided nto two sections disagreement between TPI and
FTAxz, and agreement between TPI and FTAzon, respectinely

It 1s evident that FTA 1s more sensitive for primary, untreated sy
Iis than TPI

Tables 6 and 7 cover 62 cases of secondary syplnls, 41 untreated and
21 treated, respectiv cly These 62 cases included only three cases gising

sults with F'TAze and TPI
dl{{‘f\{ﬁ?&fﬁncludcs cases of late-symptomatic syplubs, cases of congclm'
tal syphilis, and finally 184 cases of non-speeificd stages of sypht |<!.
but not inciuding any primary or secondary cases Complete ngrccn:cl;l
1s seen hetween TTAzo0, TPI and STS for all the untreated cases, while

phi-
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wards a better agreement between FTA 4y and TP 1s scen 1 the cere-
brospinal fluid, than between FTAzo and TPI m the serum The TPI
test was done with 10 per cent serum and 10 per cent spinal flud, re-
spectively

TABLE 10
Results of Framnations of Sera from § Persons with Treuted Old Syphilts
Disagreement between TPI and FT 40 but Aqreement belween TPI,
FT419 and FT4 gndal

NS TPi FTA
T T Y Fram P FTAundat

f B T4 +4++  Svpuhs 1916

1 T - 4d4+ F+44 Ssphuls 192

1 1 ++++ +++4 Syphilis 1939
1 1 motdonc  ++4++4  Sypihis 1948
1 1 notdome 4+ Syphabs 191
1 1 ++++  +++4  Syphilis Jat 1960
1 1 4+ ++++ Syphilis Jat

(kFrom Sweden,

nn exact mformation)
1 1 + 4 +++ Syphihs lat

(From Rumanma

no exact imformation)

TABLE 11

113 Persans for which History Clinwcal and Serological Fxamination Support
Suspicton for Syphuis —The Vamn Part Treated

Agreement between TPI and FT 4non

o TP | FTim
- - T
" . : ] ; »
N TABLY 12
Agreement between TP) and FT tan
TS Ty FTam
270 - - - n - —
‘ w Pom B
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TABLE 8

Results of Framunations of Scra from 307 Cases with Various Stages of Syphilis
excepl Primary and Secondary

Agreement between TPI and FTA o0

- / Cntreated 1 Treated
! ’
SIS TPL l IT A sTS TI FTAx
-+ -+ - +] -+ [
Syphilis of shin mucous- 2 2 2 7 7 7
membrane or hone 1 1 201 2
\b cordis luica 6 6 [ 15 15 1
1 1 1
Ccrebrospmal syphilis 5 5 5 16 16 16
13 2 112U
Tabes dorsahis 1 1 1 7 7 7
6 1 5 1 3
Demenbia paralstica 1 4 1 8 8 3
3 3 3
Tues cong 2 2 2 16 1 15 115
3 3 5 3 5
Non speeified stages of 7 7 7 g8 5 8 5 81
svphibis 89 16 13 16 8
TABLI 9

Results of Frammations of Sera from 35 Cascs with Varwus non Speeifted Stajes
of Treated Syphilis Showing Disagrecment between TPL and FTA.00

|
S1S et ITAw

- L Ty T -
14 4 14
10 10 10

6 6 6

2 2 2

2 2 2
1 1 1

Table 12b gn¢s serologieal details of a further 18 persons, 11 women
not mcluded 1n the material of Table 12 They arc all TPI
non-reactive, some are also STS non reactine They might all have been
FTA reactive af this test had been carried out with undiluted serum n
\tion, 8 out of the 18 were reactise with FTAzn

Table 13 shows the results of serological examnation of sera and
amples from 33 people, 27 of whom suffcred from
hilis, while 6 had other discases A tendoney to-

and 7 men,

all eases In add

cerchrospmnal fluid s
various forms of syp
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wards a better agreement between FTA 4, and TPI s seen in the cere-
brospmal fluid, than between I'TA~o and TPI i the serum The TPI
test was done with 10 per eent serum and 10 per cent spmal fluid, re-
spectively

TABLE 10
Results of Framunations of Sera from 8 Persnns unth Treated 01d Syphilis
Disagreement between TPl and FTAzwo but Agreement between TP,
FT 410 and FTA ynay

s T | ¥y
- - + FTam FT4a FTAunan
1 1 ++ 44+ Syphules 1916
t 1 = 4F++ b+ Sphils 1925
1 1 ++++ 44+ Syphle 1939
1 1 not done F+++ Ssphiti- 1948
1 1 notdeme  ++++  Syphihis 1951
: : ++++ ++++ Syphihis Jat 1960

++++ +4+++ Syphalis lat
(From Sweden,
no exact iafarmation)
1 1 +4 ++ 4 Syphiliy Tat
(From Rumania
no exact information)

TABLE 11

113 Persans for which thstory Clincal and Serological Fxamination Support
uspred o for Syphilis —The Matn Part Treated

Agreement between TPI and FT 420

™ ! T
- -~ - + - -
% 3 10 6§ 10
97 8 89 A 83
. TABIF 12
) . . - ramnation
Agreement betieen TPT ani FT 4200
ALY ™ FTO,
270 -
2 208
240 237 § gg; §
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TABLE 12a
l"rom‘ Tnhk, 12 arc below given some details for 16 women and 3 men AN STS
reactive TPI and T 14.9) non-reactive Clinleal diagnosis, sex and age are gien

TS l sex | dueln y Clinieal diagnosts

138 4 Q "9 Cancer collt uter1 Spondylosis Myxoedems
84 ++ ? 46 Metrorrhagia ponts

J/| * ? 66 Anacmia haemolstica

B2 4 Q 74 Tumor reg temporalis
1'\/? + 4 Q 2 I eucosis msclowdes

i ++ & 67 Bronchitis chron

H1ox ? 82 Ocel coron I chrilia

54 * [4 48 Diab mellitus

e = Q 65 Tupus ers thematosus

l/.f + 8 A0 Hemicranin  Arteritis an temporals
45 44 ? 55 Anacmia parniciosa

1110 + 4 ) 55 Cerchral symptoms

12/6 4+ ? ™ Choldlithiasis Ulens ventrseuli

56 ++ Q 18 Anacmia hacmols tica

52 = Q 60 Mb cordis theum

51 Z+ 9 52 Dab mellitus

46 =+ 4 69 Crises gastriques

2/ + ¢ 61 Arterinsol cerebn

1 + Q 71 Uleus ventricul

TABI! 12b
Besides details are given for 18 persons 11 women and 4 men not included in
Table 12 and 12a Results of cxamination of sera i STS TPI and FTAzo [The
ITA gnat Sex aEc and clinical diagnosis are gien

T ‘e
[ S I ¢ I S — Nex | in Clinfeal dingnosis
1m0 | 110 |t jacars
£ — ++++ Q 26 DPregnancy m w
83 + +4 9@ 65 \b Cushing
b ++++ ++++ Q 16 Monaenucleows tnf
8 + 3 69  Bronchopncumonia
M6 -+ + ++ ++ Q 79 1ractura collt femoris
+ +++ ++ @ 41 1 mlepsia ersplogen
i + ++ ++ & 70 Tumor reg frontalis sin
n + ++ ++ Q () lumor rems
i + +++ ++++ ? 5%  Psychcsis aleohahsmus
Dementia organ
! + F++ + & 6R  DPolyarthroitss
6 — +4 @ 60 Brondhtin Otits
N ++ & 80 \ortaancursm
No informatin cn sy b
Y — ++ @ 21 Gonorrhoca
7y — ++ +++ ++ & 7%  Branchitis Arthroitis
- T F444 ++++ @ 75 Adipositas Arthroitis
1 — +4+ ++++ 4 1 Blood donor
- - — At 9 58 Blood donor
— 44+ & 41 Blaod denor
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Finally, Table 14 gives the results of a study of cerebrospinal fluid
from 43 persons FTA,;q, appears more reachine than TPI Howeter,
the number of examinations 15 small

Overall the 1191 sera examuned showed 93 per cent agreement be-
tween FTdo and TPI

TABLE 13
Resulls of the Examinations of Serum and Cerebrospinal Fluid from 33 Persons

27 Suffering from Various Forms of Syphihis and € Suffering from other Diseases
Groing some \ertous the E; of C pinal Flmd

’ Serum Cerebrospinalfiu

STS TP } FTage | STS TP | FTAungj
| Ll,,,{_*[**[_»,[;,»
Tabes dorsalis 3 3 02 1 3 12 02 1
1 11 1 11
Dementia paralytica 1 101 1 1 1
2 2 2 2 2 2
Certbrospinal s+ philis 6 6 6§ 3 3 1 5 3 3
Obseratfo pro 2 2 1 1 2 2 2
Certhrospunal syphilis 2 21 1 2 2 H
Ol treated syphilis with 4 30103 1 o 4 4
o cerchrospinal symptoms 5 5 3 2 5 5 5
Primary syphilis untreated 1 11 1 1 1
Other diseases than syphilis 4 1 1 3 1 It
2 2 2 2 2 2
TABLE 14
Framwunation of Cerebrospinal Fluwd from 43 Persans —Vo Exanunation of Seruym
<TS TPy FlAundd
— - Clnical informations
- DU
1 1 1 All7 persons with proved syphilis show some.
nervous symptoms
2 2
+ 4 1 3
5 5 32 Nome of the 15 persons with
proved ssphl;
1 1» I show chinteal symptoms of cerevraspinal saph
Bl n 1 History and clinlcal symptoms give no support
for s\iph“u The examination af the cerehro
:(I‘J:: flurd indicated by some nervous symp
DISCLSSION

Michols® steamn of pathogemic Trepon ma pathdum 1s usually
pones bt Iy em

although Deacon et al (8}, Putlat & Borel (17}, Co-
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vert el al (3) and Poetschhe & Kulisch (18) tried to use Raters tre-
ponemes (sec helow)

The treponemes can be emplojed mmmediately the suspensions are
prepared, and the suspensions can be used for periods of from wechs
to months, so long as they arc stored at 4° C Lyophihized treponemes
can also be used, but the authors’ obseryations suggest that the freshly
1solated treponemes give the clearest microscopic mictures As mdicated
i Table 3, 1t 15 generally agreed that the antigen{ the suspension of
treponemes) should be arr-dried on the shde A few workers then flame
the shide hightly, but more use acetone fixation This 15 recommended
by Deacon (4), as a clearer hackground 1s obtamned, 1e a cleaner mi
croscopie picture Borel & Durel (1) are unable to confirm this, and
Ntel & Fribourg Blanc (15) report that acetone treatment has an unde-
sirable effect, the preparations giving a less clear microscope picture
The acetone can presumably be replaced by other fluids, eg ethanol
or methanol (as used for example by Poefschhe & Rillisch (18)) In the
present authors’ laborators, methanol has guiven cxeellent resulls It
possible that simple air dryng 1s sufficient (15) The essentinl pomnt
«cems to be that the treponemes must undergo special preparation in
order to be useful as antigen 1in the FTA test

Thus, 1f the suspension of treponemes 15 mixed with syphihitic serum
and untreatcd gumea-pig complement, as e g 1n the TPI tesi, the mr-
ture mcubated for 18 hours, and conjugate then added n an amount
which will give a final conjugate dilution equal to that used 1n the or-
dinary T'TA test, no fluorescence will he seen when the preperion 18
¢xamined 1 the microscope On the other hand, 1if a specimen ot the
mcubated nuxture 1s placed on a shde air dried, acetone treated, av |
then treated with conjugate, an excellent fluorescence will appear The
mmolized and killed treponcmes have bound antibody, hut eannot
he made to fluoresce, before they have been subjected to further treat-
ment It has never been possible to get mobile treponemes to fluoresce,
although tins should be possible, as during the course of the immo-
bilization test there 15 an interval of up to 20 30 minutes m which up
{0 half of the treponumes are sensitized although stll not immohlized
(expermnis not yet published) The fluorescence of the immobihized
treponemes described ahove can be elicated unchanged, even though the
mndure of treponemes, antibody and complemcnt 1n washed several
times 1n sahne to free the treponemes from complument and any pos-
sible antibody and ether fixed or adsorbed substances that mught be
present This wmplies that the bound antibody 1s not relensad by this
treatment on the other hand 1t docs not necesswily mpls that the

n nteraction with complcment has elieited immobili-

antibody which 1
nce of fluores

zation, 15 the same as the ont responsible for the appeara
cence, when snteraching with conjugate

These experiments, together with much other expermmental «vud nee,
(eg lysozyme) (12, suggest that the surface of the trcponcme 15 2
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very mpartant part of the organism, and worthy of considerable i~
erest
! rIicfurc use, 1t 1s customary to heat the serum to he exammed mn the
FTA test to 56° C for 30 nunutes {mactnation) Wth repeat examinas
tions, 1t 15 further sdvised to Temactisate the sera for 10 miqules at
56° C. for cach subsequent examunation It 15 possible that tius treat~
ment 1s unnecessary or even undesirable Mel & Fribourq Blanc (15)
report that they have stopped usmg this heat treatment, asn their opt
nion non speeilic resulls are Provoked by the heatng In contrast to
this, Grosperon (9) considers that heat treatment at 62° C for 30 m
nutes ean help to arrive at more specific results, although the treatment
should preferably be combined with an absorption of the sera with
powdered iver Grospiron’s view agrees with Smulh’s observations (21)
‘True treponemal antihodies show a greater thermostability than anhi-
hipordal antibodies The present authors ohservel that adding varying
amounts of untreated guinea pg serusm to the serum to he examuned
ta the T'TA fesf, had no nfluence on the results
There 15 general agreement that fluotescom 1sothiocyanate s better
than fluorescein 1socyanate, in agrecment with the findings of Warshall
etal (11} It is uncertam whelher an absorption of conyugate 1s of any
teaf vafue Grospron (9) teports that W 1s \alueless to earry eut an
abeorption treatment of conjugate, whereas an absorption of sera i<
uscful, a5 indicated abose It 15 possible that this state of affairs differs
for the various preparations of conjugale, at any rate provided rabbits
are used to produce the anti human gamma globulin
Deacon (5) Tecommends the addition of Tween 80 1n 2 per cent solu
tiart s thus substance should ensure hetfer confact between anhigen
and antibedy, and therehs ensure that when antibody 15 present in the
ser1 bung exatmined, fitation of antibody to antigen really does occur
Niel & Fribourg Blanc queshion the salue of Tweens, they believe that
these actually redueid the mding, but suggest alternatively that it
Mgl e some sigmficance i cleaning the TAETOSTOPIC Preparation,
so that it hecomes elearer The prosent authors find that Twecn s af
doubitfu) value, but saissfactory shudies to decrde this have not heen
made nor does the htefrture protide mformation adequate enough to
sutte this quistion defimately
Deacon et al s paper (4) gines
QG 3 Tech o bl it v ot veoon oF e
¢ prepara-
tons duning trotment With serum and conqugate It 1s clear that By
using rolion, 160 £ p 1 sobh dirtieter approx 2 cm during the 2 x 30
mnutes the sencitivily of the tost 26 neecased
sery from two rablnts mfeeted wilh \ s
e FTA with rotaton, 42 ind 14 (;cl}::‘:r:: f“&’fﬁﬁ;ﬂ:ﬁfl’"” H;Jf.
without rolation the <ef1 became teactine 64 wnd 49 duys aft " Whole
enfation In a tard rabh o 3¢ after the wo-
1 abbit, FTA with rotation berame react
after moculhion, while without ™laly actne 49 dass
01 2 1as sUll non reactine after

(o a certam degree, ag
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112 days In contrast to this, Borel & Durel (1) and Grosptron (9) state
summarily that rotation does not alter the sensitrvaty In the expertence
of the present authors, rotation as carried out by Deacon gives a very
shight increase in sensitinty, but this 1s found to he so shght that it 1s
msigmficant (see helow 1n the discussion on sensifivity)

The duration of treatment of the antigen spot with serum and later
with conjugate has been determined by Deacon as 30 minutes in each
case Wrhinson (26) uscs 60 minutes, and Grosptron (9} has shown
that while 1n most sera the maximum fluorescence 1s achieved after
60 munutes, the mcrease achieved after 3¢ minutes 1s neghgible The
conclusion 1s therefore, in acordance with Deacon’s findings, that 30
minutes 1s a stitable mterval hoth for sensitization with serum and for
treatment with conjugate

The fest was onginally performed at room temperature, but further
studics by Deacon (22), Grospiron (9) and others showed that it w1s
more sensitive at 37° C, which should therefore be the preferred tempe-
rature

In the above, there has been repeated mention of circumstances en-
hancing the sensttinity of the FTA test, such as 1) rotating the shide,
both during the serum treatment and during the subsequent treatment
with conjugate, 2) extending the seram treatment beyond 30 mnutes
and finally, 3) performing the test at 37° C instead of at room tempe-
rature What would seem to be decisive m this connection, however,
1s the question of the reproducibihty and specificity of the test From
the very first experiments, 1t has i fact been observed that the test
mvolies a non-specific element, and that 1t was nccessary to dilute
the serum examined 1n order to avoid non-specific resulls In view of
this, 1t appears 1llogical to ncrease sensitinity by rofation, prolonged
sensitization tume and ncreased temperature, thereafter to reduce the
sensitivity by diluting the serum Table 2 of Deacon’s publication (5)
Shows that the reproducibility i experiments carnied out with serum
dilution 1 200 1s better than when the serum dilution 1s 1 5, and ths
15 an argument n favour of using the greater dilution 1If, thereafter,
1t 1s found necessary to 1ncrease the sensitiaty, this ean be done by
employmng the described modifications of the original technique Seve-
ral authors claim that the specificity of the FTA test 1s at lcast as good,
if not better than that of the TPI test (8) The present authors are un-
able to subscribe to this claim If, for example table 12b s examined,
a number of persons are seen to have an FTA reactive serum, while
TPI was non-reactise The mformation obtmined about these cases de-
fimitely pomts to the FTA results as being non-specific It might be re-
called 1n this connection that 1t 1s possible to usc Reiter s treponemes 1n
an FTA test and obtamn approximately the same results as “lt'h the use
of Nichols' treponemes (3, 17, 18) On the other hand, Reiter’s trepon-
fimitely not be employ ed m the TPI test, even the strongest

nemes can de
n syphilitic sera cannot immobihize Reiter s

TP]- and STS positne huma
treponemes
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The results grven 10 table 122 are mn agreement with those of Pillet
&Borel (17), as these authors state that human sera reactive with STS
alone, are non-reactive with FTA On the other hand, the results given
m table 12b are at vanance with those of Pulot & Borel

Provided the FTA test 15 carned out with seya o a primary dilution
of 1 200, a speciftcity 15 obtaned which lies close to that of the TPI
test To described such an FTA test as bemg more sensitise than the
TPI test 1s m a way msleading, as this great sensitiaty can be claimed
only by 1gnoring the necessity of diluting to 1 200 m order to obtain
the required speeificity It would appear more correct to put the matter
as follows A) FTAwo 1s of someshat lower specificity than the TPI
test, and somewhat less sensitive, apart from primary syphmbis (cf
Table V (26)), or B) FTdqaqq 15 considerably less speafic than TPL
but considerably more sensitine in contrast to the TPI iest, 1t appears
that the FTA test 1o a hugh degree insolves a balance between sensitivaly
and specifieity, such as 15 familiar 1n tests using hipid antigens

Several authors have discussed whether immobilisin 1s 1dentical with
the antibody or antibodies which <ensitizes the treponemes with respect
to canjugate A few have tended to show strong support in favour of
wdentity (8) Borel & Durel (1) have remarked that the number of antt-
hady molecules required for a reactive FTA may be less than the num-
her requised for a reactive TP, but that the antibody even so could be
the same This explanation does not seem fo harmonize well with the

following arrangement of table 2b (from Borel & Durel (1)) for un-~
treated sccondary syphalis

Aline tnin TPLUIsre Average FTA utre l Average
|
s 50 310
H 4 200 200 810 810
s 10 243
: s 100 7290
200 128 810
s 200 10 o
s 00 21870
1 10 810
‘: \ 10 2430
1 150 85 7290
is i s S8z
16 ann 7290
2 100 5
2 . 150 § ‘3
3 400 m #3610 16620
32 1600 friv

1t will e noted that Kliae and FTA
? show a considerahle
\\hlnllc FTA and TPI ttres show po corfelation tef (13) n"dt(o;;)c;all"".
must be admitteq that technically the FTA 1s relatieely wmple, ang
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the techmque ean presumably be simphified still further without any
harm; for example, mnactination of sera and rotation could be omtted,
and the test could be performed at room femperature provided this can
be kept relatively constant The speeificity 1s satisfactory only af the
sara are dilufed primarly, and a dilution of 1200 seems to be an (x-
cellent value. The reproducibthity 1 surprisingly good A quantitatie
FTA test seems to be considerably mote attractine than a quantit
tive TP test In the International FTA study I, this laborators obtamed
exceedingly satisfactory reproducthility and sensitnady, cven though
neither rofation nor a temperature of 37° € was used (23),

However, the TPI fest shill stands as the most speaific test for sypht-
lis and other treponematoses We must hope that one i the future will
prepare an antigen, presumably of treponemal ongin, and 1 that eas¢
from the pathogeme ticponemes, which has such spectfieity and sensi-
tivity that a ssmple microreaction can replace TPI and T4, and pov
sibly the reagin reactions Recent studies point the way to a polysac-
charide antigen as & possible bearer of such charactersties The poly-
sacchaside from Reiter trepoucmes does rot react with human syphi-
litic sera In tlus connecfion 1f 14 templing on e more {o mention that
when Reiter treponemes are tried m an immohthzation test with human
syphihitic sera, they do not immombize  Reiter polysaceharied Teacts
trongly 1 a complement fixation test with sera from rabbits wmu
mzed wilh Reiter treponemes The presumcd polysacchartie beheved
to have heen welaterd from Nichols® treponemes reacts 1 a complement
fination reaction with human syphilitic sera, but not willt the above
wentianed rabbit immune sera (2)

SUMMARY

On the basis of the available publications, a review 1s guen of the re-
sults obtamned m the FTA test, and a brief review 18 also gnven of the
technique used by the different laboratorics

An mnestigation of 1191 sera and 76 ecrebrospinal flmd samples
from a total of 1237 persens 1s then reportcd The mcthods used ar¢
deseribed, and the results obtamcd tabulatcd The sera used originle
from persons with syphihs and from persons with other diseases

The sensttnaty, speaficsty and reproducilnlity of the ITA test are
discussed, and iy techmique 1s examuncd 1 detail

The conclusion s that the FT\ mcthod 1s of conatderable mtercst for
researeh work, and may possible be of use for dragnostic studies n la-

horatorics where for various reasons the TPI test s ifficult o earsy

out
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the fechmique can presumably be simphfied still further without any
harm, for example, inactivation of sera and rotation conld be omitled,
and the fest could be performed at room temperature prosided this e
be hept relatinely constant The specifieity 1s satisfactory only 1f the
sera are difuted primarily, and a dilution of 1 200 scems to he an ex-
cellent value The reproducibility 1s surprisingly good A quantitatine
I'TA test seems to be considerably more attractine than a quantita
tive TP1 test In the International FTA study I, this laboratory obtamed
exceedingly satisfactory reproducthility and sensitiaty, even though
neither rotation nor a temperature of 37° C was used (25)

Howesver, the TPI test stall stands as the most specific test for sypht
s and other treponematoses We must hope that one in the future w ul
prepare an antigen, presumably of treponemal ongm, and m that case
from the pathogenic treponemes, which has such specificity and senst-
ity that a sumple ymcroreaction ean replace TPI and FTA, and pos
ibly the reagm reactions Recent studies point the way to a polssac
charule antigen as a possible hearcr of such characteristics The polv~
sacchanide from Rater treponemes does ot react with human sypht
nifie sera In this connection 1t 1s temphing on ¢ more te mention that
when Retter treponemes are tried in an immobilization test with human
syphulitic sera, they do not immobihze Reiter polysacchaned reacts
strongly n a complement fixation test with sera from raibints immt
mzed with Reiter treponentes The presumed polysaechande behesed
to have been 1solated from Nichols’ treponemes reacts m a complcmcnl
fixation reaction with human syphilitic sera, but not with the above
mentioned rabbit inmune sera (2}

SUMMARY

On the basis of the avaulable publications, a review s given of |
sults obtamed 1 the FTA test, and a brief review 15 also gnen of the
techmique used by the different 1aboratories

An miestigation of 1194 sera and 76 cercbrospinal fluid <wmples
from a total of 1237 persons 1 then reported lhe methods used are
deseribed, and the results obtamned tabulated The sera uscd orgmate
from persons with sy philis and from pcrsons with other discases

The sensitnaty, speetficity and reproducibility of the I'TA test are
discussed, and 1ts technique 15 examined m detul

The conclusion 1s that the FTA method 1s of considcrable interest for
rescarch work, wnd may possible be of use for diagnostic studies n fa-
boratories where for varions reasons the TPI test 1s difficult to eurd

he re-
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o Christiansen 4 Hen Studics on the antigenic structure « f Trepen
- 3 Anugeme propertics of palysaccharides 1solatcd from Reiter s apatho

gemie strain WHON DT/RFS/16 1962

ema pallidum



349

nfected with S\ 4o oF Jeft as controls 1053 TCID,p of a strain that could be neutral
iuddhr\ e eriime 10 stratn 176 was added (The sirus was kindls supplied by Dr
D 1 Magrath Research Council Laboratories, Londan) It bad had several passages
in this laboratory 1 eultures of kidney cells from the African green monkey The
titrations were performed 1o such cultures i roller tubes

The covceslips were taken from the plates at intervals of 4 hours aad 1,23 5 8,
11 and 14 davs after the infection They were rinsed s phosphate buffered saline
at pil 73 dried in 21r, 2nd fixed for 10 minutes 1 acetone

The tmdirect fluprescen antibods technrque (¥ efler & Coons 1351) was used
Ants Y 4a serum was obtamed from a rabbit snoculated three times with a virus

Imis procedure was carried out teice For the first adsorption 300 mg purder per
™l was used for the second 100 mg per ml

Two drops of the anti SVyq serum were placed on the toverslips which were
incubated 1n a humidity chamber at 37° for 60 minutes They were then rinsed
seseral times im phosphate buffered saline and 2 drops of the ants rabbit glebulin
solution were added After incubation for 60 munutes they were rinsed in saline and
mounted in phosphate buffered glycerine on shdes Some of the corerships with
infected cells were treaied with rabhit antiserum fo pofyoma virus instead of the
ant: 8% 49 serum before the application of the ant1 rabbit glohulin

RESLLTS

In all the non-infected cultures, sn the mfected cultures ficed 4 and
24 hours after infection, and in the infected cultures treated wath anti-
serum to polyoma virus only a faint fluorescence, predomuaantly w the
evtoplism, was found (Fig 1)

A speeific antibody staning was seen n the cultures after 2 days and
tater after mfection In the 2-day-specimens a few scattered nucler
presented a Taint granular fluorescence (Fig 2) On the 3rd day after
mfection the namber of the fluorescent nucler as well as the intensity
of the fluorescence had increased somewhat Fise days after infection
ahout 50 per cent of the cells were affected The fluofescence was seen
'n the nueler and 1ts intensity had ncrcased considerably (Fig 3) The
'nnm)xcr ol nucler with a diffuse fluorescent starning was higher than
‘he number of nuclex with a granular staiming  Laght days afterinfection
2 spearfic extoplasme fluorescence appeared 1n a few cells It was gran-
ularand rather taint At the (ater stages of infection 1t was more diffuse
And mntense, while the nuelear fluorescence decreased greatly or dis-

perred In the 1davespecimens about 50 per cent of the cells had

:x;‘:r:"nunrmcml material, most of which was found in the ey toplasm
] 3

The virus caused eytopalhie changes wm the cultures Many nuctey

swelled to several Gmes th
i normal volume This was obs
ready on the 20d das after v Sperecd ab

nfection 1n the phase microseoy
Pe a cyto-
gxl:.:‘r;:cr\af.c&ummn was nated 1 a fow cels 5 days after infection ?l’hc
of these eells inereased gradualiy and 1n the 14-day specumens



FROM THF INSTITUTF OF YIROLOGY, UNIVFRSITY OF UPPSALY
UPPSALA SWEDF\

A FLUORESCENT ANTIBODY STUDY ON THE FORMATION
OF SIMIAN VIRUS 40 IN MONKEY KIDNEY CELLS
By

Ha~s DipErioLy
Recerved 6162

The simtan virus 40 (SVio) 15 present in many kidney cell cultures
of rhesus and cynomolgus monkey s (Sweel & Hilleman 1960) The agent
grows but doces not cause any obvious cytopathic cffect in its host cul-
tures Instead, it grows to high titres with a marked cytopathic effect
1 kidney cell cultures of the African green monkey, Cercoprthecus
acthiops The virus has also been named vacuolating agent because of
the characteristic eytaplasmic vacuolation scen 1n cells m nfected cul
tures

The presence of $Vso 1n monkey kidney cultures constitutes a prob-
lem 1n the preparation of polio and adenovirus vaccines The varus has
been solated from all three ty pes of Sahin's vaceine {Sweet & Hilleman
1960) It 1s relatively resistant to mactiation by formaldehyde, and it
has been shown that certain lots of formaldehyde macti ated polio and
adenovirus vaceines contamn nfectious SVio virus (Gerber ef al 1961)
Attention has been drawn to the question whether the virus might cause
adverse effeets, but, at present there 1s no evidence of SVso being harm-
ful in man In hamsters, however, SVyo 15 able to induce sarcomas
visible about 6 months after infection (Girardi ef al 1962 and Eddy et al
1962)

The present report deals with the formation of SVie m kidney cell
cultures of the African green monkey The indirect fluorescent antihody
techmgque described by Weller & Coons (1954) 15 used

MATERIAL AND ETHODS

Cultures of trypsinized kidney from the African green monkey Cercopithecus
aethtops, were sct up in flashs with 945 per cent Hanks’ solution 0% per cent
Jactalbumin hydrolysate and 5 per cent heat inactivated calf serum After 5 days
ubcultures were made The cells were seeded mto 60 mm plastic petrs plates which
contamed a sterile covershp Each plate receved about 3 X 10 cells i 5 ml of
Parker s solution with 2 per cent heat inactivated calf serum Al culture media
contamed 100 umts of penictllin and 100 xg of streptomycin per ml

When monolavers had been formed the cultures wire washed refed and either

This 1im estigation was supported by grants from the Swedish Cancer Soctelly
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most of the cells showed vacuolation At this stage of infection also
other cytopathic changes were obvious Still a certrn number of cells
presented normal aspects but a fluorescent nucleus It 1s not possible
to deeide whether these cells had a latent infection or represented newlv
nfeeted cells

DISCUSSION

The results indicate that viral antigen 15 first formed i the nucler
of the cells subsequently to migrate into the cytoplasm The results do
not exclude that viral antigen may also be formed n the cytoplasm,
where it may cause part of the speeific fluorescence visible at later
stages of infection

The results are on the wlhole 1 agreement with the results obtuned
by Henle et al (1939) i studies on polyomn virus in mouse embrso
cultures At earlier stages of mfection they noted a specific fluorescence
1n the nucler At Iater stages specific fluorescence appeared in the eylo
plasm, wiile the nuclen lost their fluorescent staining Simlar resulls
were also obtauned with herpes simplex virus (Lebrun 1956), and also
the g-antigen of the fowl plague virus secems to be formed n the nu
clens before 1t mugrates mto the cytoplasm (Bredenfeld & Schafer
1957)

SUMMARY

The mdircct fluorescent antibods techmque was used to study the
formation of sumian virus 40 (SVse) 1n kidnes cell cultures of the Afn
can grcen monkey It was found that 2 few nucler contuned specific
fluorescent matenal 2 days after infection During the next 3 davs mor¢
nucler were affected and the intensity of the fluorescence merensed
Thereafter a specific cytoplasmre fluorescence appeared, which -
creased with time, winle the nuclear fluorescence decreased or dis

appeared
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OQBSERVATIONS ON THE EFFECT OF POTASSIUM
FERRI AND TLRROCYANIDES ON THE FORMATION
OF INDIGO FROM INDOXYL ACETATE SPLIT
BY ALBALI AND LIVER HOMOGENATES!

By
Joran AHLQYIST
Received 11 ix 62

W hien some halogen substituted indoxs 1 acetates are used for the ht
stochcmicnl demonstration of non specific esterases the use of low con
centrations of potassium ferr1 and ferrocyamides (oxsdizer) gives a dif
tusc localization of the indigos 1n liver cells and cells 1n the tubules of
the hidney corlex i rits With hugh concentrations the deposition of
mdigos 1y restricted to periibary granules in the hser and mtracyto
11 ismatic droplets m the hidney (Holt & W ithers 1952, Holt & Withers
1908 Shnitha & Seltgntan 1961) Holl (1946) was of the opinion that
the mam clfect of the oxsdizer wis to accelerate the conversion of
fher ted imdoxy! to wmdi,o Pearse (1860) suggested that differential
sshibihion of esterases or 1oss of Iyo-esterase might be invohved Pearse
also pomnts out that absotute quantitation of enzyme activity 1s diffeult
smed according to Holl (1998) the ratio between indigo and colourless
by products deereases with mnereasing pH Shmtha & Seligman (1961)
regard the more preerse locihization of indigoe 1n the presence of high
concentr ation of the ovidizer to he due to inhubition of a sensitine este
s dn the vadizer On thas maltor differences of opinion thus still
~;tm to exist It was thought worth while to 1nvestigate the matter fur
ther

Solutins of indony) acelite werd made up with different concen
trilicns of fern and ferrocvandes (ovdizer) The solubility of the
Mzl acct it wis not noticeabin 1nfluenced by the ovudizer as shown
o f Vet i o <ontaming soltionsand

st of oxidizer leading to the

formation of bluc mdige Very hittle hue wdige formed fter hydro-
I3sts of the ostor sath NaORL uy the 17esence of high concentrations of
oxubzer atthough the bvdroluss Wi was noy influenced by the oxid

Y The aith ¢ was a Bestish Counell Sch Tae

I
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most of the cells showed vacuolation At this stage of infection also
other cytopatine changes were obvious Still a certain number of cells
presented normal aspects hut a fluorcseent nucleus It 1s not possible
to decide whether these cells had a latent infection or represented newls
nfected cells

DISCUSSION

The results mdicate that viral antigen 1s first formed n the nucler
of the cells subsequently to migrate into the cytoplasm The results do
not exclude that viral antigen majy also be formed n the cytoplasm,
where 1t may cause part of the specific fluorescence visible at later
stages of infection

The results are on the whole m agreement with the results obtamned
by Henle et al (1959) 1n studies on polyoma virus m mouse embrio
cultures At earlier stages of infection they noted a specific fluorescence
n the nucler At later stages specific fluorescenee appeared 1n the cylo
plasm, while the nucle:r lost their fluorescent stuning Simular results
were also obtamned with herpes sumplex virus (Lebran 1956), and also
the g-antigen of the fowl plague virus scems to be formed n the nu
;Igcuﬁ before 1t migrates mto the cyloplasm (Breuenfeld & Schafer

57)

SUMMARY

The indirect fluoreseent antibody technique was used io study the
formation of sumian virus 40 (SVse) 1n kidney cell cultures of the Afri
can green monkcy It was found that 2 few nucler contamed specific
fluorescent material 2 days after infection During the next 3 diys more
nucler were affected and the intensity of the fluorescence nereased
Thereafter a specific cytoplasmic fluorescence appeared, which -
creased with time, while the nuclear fluorescence decresed or dis

appeared
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Fig 1
Concentrat on of ferei an ! ferencsanides Jn the or ginal soluti ns from left 1o right
105 370 25 125 and 0 mM respectivelr 45 mg and vl acctate per 10 ml
The « lutions were filterc bef re treated at bel w

Tp  Tosmlof the al ve adled 25 ml of N NaOH The colour seems to be

inversely related to the concentration of the ovidizer

B ttom The wndoxyl acctate was extracted fr m the « riginal solutions with chloro
form and dam nstrated with NaOH 1n the remainder after evaporation of
the chloroform The col ur 1s a3 pr ximatcly (he same in all the tubes

w e absence of oxudizer wathim 1 few seconds It uds to the formation
of 1 strong, blue colour The blue indigo soon flocculates When fern
nd forroes wmides are present in lugh conecntribions the formation
of the hlue colour 1s considerbly delaved and dimsmished  Affer 2 mi
nutes the solutions mostly hue 2 hrownish colour, whea shahen later
i sotution turns blue ihe intenaty of the colour depending on the
concentration of the oudizer (Fi, 1) Atternpts to scparate unspht
indoxs! acetite from the salubwons ifter the addition of Na0H gave ne
e resulls an all anstinees The indio formed was first remoyved
by filtration and the filtrate extracted wilh ¢hloroform The remawmder
s waporition of the chiloroform was dissolved, no blue colour
daveloped when NOH was added This indicates that ne unspht
mdoxs] weelile remunded mospatc of the fact that less blue indigo had
formed under the influcnce of the axdizar

Snee e wvidizer 8ud nok wffect the solubeits of the wmdoxs? acetate
o 1ncliceible depree and sance no unspht estee remancd 1 the solu
Biens after hydrolysis with N1OH 3t seems obsious thit under the mflu
ente of the oxrdizer some compounds which were not blie must have
fwen formed These comjounds at I st in part are thouphit to make the
solulicns hight brown The tests agree with the Nindings of Holt (1838)
that under athaling conditions the presence of ferrr and ferrocy amdes
es 1o the formation of uncolourcd by troducts The selubihity of the
»
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wer Itas thercfore clear that hy-products which were not blue must
have been formed by the action of the oxidiwer Comparable resulis
were obtuned when the ester was hyd rolysed by a Iiver homogenate at
pH 56 The results indicate that m histoenzy m thie indigogenie staining
methods the formation of such by-products should he guen more con
sideration than hitherto

MITHODS

The soluttons or incubating media were slightly modified from the method gnen
by Holt & Withers (1952) and consisted of D1 v acetate huffer pH 56 2 m) 01 ¥
CaClz 1 m! and distilled water to make 10 ml after the addition of the desired Vo
lumes of 005 M solutions of potassium forr and ferrncyamdes The latler were
storcd at 3° € and always used within threc hours ¢ f preparation In the first tests
an the soluluhits cte of indoxyl acetate the above solutions were poured opto 83
ml of a 15 per cent solution of indoxi1 acetate in ethanol n the tests with lver
homogenates 02 ml of a 2 per cent salution of the ester in ethanol was mntro tuced
through a submerged pipctte

Under acnal conditions NaOH splits indoxal acetate leading to the formation
of coloured indigo (Holt & Sadicr 1958) 1\ NaOH was employed m these tests To
separate indoxal acetate from a solution containing the oxidizer the solutr n was
shahen s sth the same volume of chloroform for two minutes the chlorofortm sepa
rated and esaporated at 70° € ‘The remainder was tested for the presence of ot}
acetate by dissolving, 1t 1n 0 5 ml ethanol and 3 m! of distilled sater and adding 1 ml
of N\ NaOH which leads to the formation of blue ndige in the presence of indonl
ucetate The time of extracticn proved sufficient no sndoxnl icetate could be de-
tected with NaOH in the water phase of oxidizer fice solutions of 1ndexy] acetate
after 2 minutes shaking with chloroform

For the brochemical tests a Iiver homogenate was prepared by treating 8 ¢ of Tat
Iiver and 40 ml of chufled saline on & Waring blender for 4 minutes After centrt
fugation for  minutes at about 3000 rpm on a small laboratory centrifuge to T¢
mose larger particles the supcrnatant was stored at 4° € and used within 2 hours
of preparation An inactive homogenate was preparcd by heating 2 sma)l yolume of
the fresh one mn a small glass mortar hept in boiling water for 4 minutes It was
thereafter rehiomogemzed by hand In the hicchemical tots 61 mi of these homo
genates were used per 10 ml of incubating medium Incubaticn was usually carried
wut at 37° € for 1% hours + 15 minutes Indoxal acetate was separated from these
suspensons by diluting them with the same volyme ¢f distilled water thereafter
they were cither centrifuged at about 3000 1pm for 10 mynutes « v filtered and the
supernatant or filtrate shaf en with the <ame volume of chlorcfcrm the chloroform
sepatafcd and ¢vaporated and the ramainder treated as abh ve

Yurther details of the procedurc are given below

1MPERIMENTS

The cffect of the orrdizer on the solubitliy of indoxyl acelale and on
the formation of blue indigo from the ester aftcr NaOH hydrolysis
\When mcubating medi with different concentrations of oxidizer, after
filtration through Whatmn filter piper No 1, were extracted with
chloroform and indoxy 1 acetate demonstratcd with NaOH i the remun-
der after evaporabion of the chloroform, no diffcrences between the
samples could be detected, at I 1t no such differences as mught be
responsible for the dimmished formition of indigo under the influence
emonstrated below Tlus pornt 1s shown m g 1

{ oxadizer as d
© m! of N NaOH to 10 m! of the sncubation medum

The addition of 5
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in the table alse 10 and 1mM cancentrations were employed In this
seres the indigo formed was extracted from the whole mncubation me-
dwum with 2 ten-fold volume of chloroform for colorimetry At colori-
metry at 600 my the following readngs {E X 100) were obtamed 15
for the extract from the incubation medium with a 10 mV concentra-
tion of oxidizer, 4 § for the one with a 5 m\ concentration, 23 for the
one with a 1 mM concentration, 21 5 for the one with a 05 m\l con-
centration and 105 for the extract from the ncubating medium with
oudizer omitted The control wncubated with nactinated homogenate
at a 5 m\ concentration of the ferri- and ferrocyamdes gase a reading
of § or the same as the blank which consisted of pure chloroform The
colorimeiry thus confirmed resnits given in the table

The brownish yellow colours m the chloroform extracts from the
filtrates or supernatants of the incubating media with a 5 m\ concen-
tration of the oxithzer are thought to be due to the same substances
which gave these colours to the incubation media The violet colours
in the extracts from the incubation media with oxidizer omutted or pre-
sent at Jow concentration are presumably due to some intermediate

. « g
P 4
LI Al \

Fig 2
Concenteathin of fertd and ferrocyanides in
the original incubation media from
to Hight § 1 ulmdh.'s WU fespectively In \he Jast 1ube Inactivated in nhreomhl:f-ls
resh homogenate 3 mg indaxs! acetate per 10 ml
Top :u?-‘:;lumcml from 4 ml of whole incubation media with 40 ml « f chloro
of after incubation Fred {ube brownish vellow with uncertain blaish
xd:: ';'nld' -:d zlrd lu'hﬂ blue, last ane colourless e
Plit Indaxyl acetate extracted from filtrates of remai
ning 6
ation media alter incubatim eparation the .»,n..,.,?nnl."’v?.'."lf':.
stration of un<plit sobstrate Fuag \nb"m o hramaish s e aop demen

B tlom

ones light slolet Last one syeongis niog L TO¥ 2R 3ellow, 20 and 3rd
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indoxy1 acetate apparently 1s not affected by the oxidizer as was earher
suspected by the author il

Effect of oxidizer on formalion of wndtgo from wndoryl acelale hydro~
lysed by lwer homogenate al pHl 56 The mam resulls are tabulated
The colour of the mcubation media with the same concentration of
oxadizer at the end of meubation showed fairly small vanations n the
different tests Inactnated homogenale as \\'as expected, caused no
changes 1n colour of the mcubation medmm  Active homogenate -
duced the strongest blue colours at low concentrations of oxidhizer In
one case only out of 4 did a famt blue colour develop at the high 5 m\f
concentration of the oxidizer, in 3 eases hight brownish-yellow colours
developed These clearly differed from the original yellow colour of the
oudizer and seemed sumilar Lo the ones devclopimg from ndoxy1 acetate
split by NaOH under the mfluence of the oxadizer Once after recording
the colours after 114 hours mncubation this was prolonged to 14 hours
without any essential effect on the colour of the suspensions

In one series of tests m addition to concentrations of oxidizer shown

TABLE 1
Fifect of Different Concentrations of Ferri and Ferrocyanudes on Formatton of
Indigo from Indoxyl Acctate upon by Fresh (aet) and Heal Inactivated {nact }
Lut er Homogenate

Concentration i ’

i
forramaniiss smvt | 0smw omyt 0 mM ,[ S\
and hind of act act act inact inact
homo,enate | [ |
No of tests ] | 1 1 3 | ]
Incubation 3 eases blue with pale blue colourless  pale yellow
medivm brownish greenish with
at end of >cdlow tint greenish tint
incubation 1 brownish
yellow with
blue tint
Chloroform  browmsh 3 cases hght vi0let  calourless colourless
extract from jyellow Tight violet
filtrate or 1 yellowish
supernatant tint
of mncubation
medium
Above evapo 2 cases 3 cases 3 cases strong hlue  strong blue
rated re brownish night violct hight violet
mainder dis yellow or blue, or blue
solved and 2 faint 1 hight 1 sample lost
NaOH added +iolet tint brownish
yellow

filtrate or supernatant of the incubation medium was chlore
Jnroform evaporated after separation and the remander dis
d treated with NaOH under aerral conditions for the
1 acetate Details of the procedure mn the text

After incubation the
form estracted the ch.
solved 1n cthanol and water aw
demonstration of uasplit wmdoxy
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10 the table also 10 and ImM concentrations were employed In this
series the indigo formed was extracted from the whole ncubation me-
dum with a ten-fold volume of chloroform (or colorsmetry At colori-
wetry at 600 my the following readings (£ X 100) were obtaimned 15
for the extract from the ncubation medium with 2 10 mM{ concentra-
tion of oxidizer, 4 5 for the one with a 5 m\{ concentration, 23 for the
one with a 1 mM concentration, 21§ for the ane With a 05 m\{ con-
centralion and 10 5 for the extract from the incubating medinm with
oudizer omtted The control incubated with mactiuated homogenate
at a2 5 mM concentration of the ferri- and ferrocyanides gave a readmg
of 0 or the same as the blank which consisted of pute chloroform The
colotimetry thus confirmed results grnen n the table

The bronnush-yellow colours m the chloroform extracts from the
{iltrates or supernatants of the incubating media with a 5 mM concen-
tration of the oxidwer are thought to be due to the same substances
whieh gave these colours to the mcubation media The violet colours
1n the exteacts from the ineubation media with oxidizer omstied of pre-
sent at low concentration afe piesumably due 10 some ntermediate

nnnn
66
Jk ]

Fig 2

des 10 (he original incubation media from left
Iy In the last tube inactivated, in the others

Concentratio

ey ‘n of ferrs and {errocyam,

03 and & @M respectn
fresh homagenate :‘

mg 1ndovs) acctate per 10 m]
Tep ndizn extracted from 4 -1+
for afier Incabati, LR ) ) ! ‘
nt 2nd and 3nd f . : -
Bottem Lasplit indoxyl wes o . ;
ation media after . [ D : :
Porated and the pe e Semmon

stration of Gasplit sybs

A e ticktes wHA SaOH for demnn
ones dight vivlet lasy of

trate Earst tuhe Hght browmish yel
s arat tube Nt brcsemsh eilow, 204 and 3ed
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compounds or by-products formed from hberated indonyl; they never
were clearly blue, they never occured in extracts from samples with
inactive homogenate and the colour at least sometimes seemed to grow
stronger 1n the chloroform before evaporation

After evaporation of the chloroform from cxtracts of filtered sples
with oxidizer omitted or present at low concentration, the remunder
when dissolved m cthanol and water mostly had a hight violet colour
Upon addition of NaOH for the demonstration of remanng unspht md-
oyl acetate the colour somelimes scemed to remain unchanged, some-
tmies 1t grew stronger turming bluer Solutions from the samples meu-
bated with mactivated homogenate i a few seconds turned strongly
blue when NaOH was added, m the same manner as do onidizer-free
solutions of mdoxyl acelate The violet colours 1n the samples n winch
a high concentration of oxidizer had been employed alnays were veny
fanl if present at all After evaporation of the chiloroform only m the
eases 1 which mactive homogenate had been used did a sirong “moth-
Dhall® smell occur This was present in all these eases and never oceurred
if active homogenate had been employed As far as can be judged it was
1dentical to the smell of mndoxyl acetale In one series after addition
of NaOH ihe solutions were extracted with chloroform for colorime-
try The extract from the solution i which mactiated homogen e
and a 5 mM concentration of the ovidizer had been employed gave 1
reading of 37 5, extracts from the solutions in which actne homogenale
and 10, 5 and 0 5 mM concentrations of oxidizers were used gave read-
mgs of 15,35 and 5 respectnvely

Examples of these tests are gnenin g 2

DISCUSSION

It seoms aobvious that famntly coloured or colourless substances must
have formed from mdoxy! hberated by NaOH under acrial conditions
in the presence of ugh concentrations of forri- and ferroeyanides This
agrees with Holl's (1958) statement that under alkaline conditions co-
tourless by-produets are formed from part of hiberated wndoxsln the
presence of ferri- and ferroczamdes In the m vitro tests with hyver
homogenate very little mdigo formed in ncubation media confunimg
a lngh concentration of the oaidizer, 1 spite of the fact that an acud pH
was employed Very hittle, 1f at all, unspht mdoxyl acetate remaned

ubation media This mdicates that the decreased form ition

n such ne
zer in these

of blue indigo n the presence of lugh concentration of oxidi
tests also must be due to an mereased formation of colourless or famntis
enloured by-products and not to any sigmific it mhibihon of enzami

1t should be pomted out that the findings by no means constifute
the formation of colourless by-products has been
Holl (1938) and the possible consequences of
cahzed by Pearse (1960).

“new hnowledge”,
clearly mentioned by
tins seem to have been fully 1
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The formation of less indigo 1 the tests without oudizer and with
active homogenate than whent low concentralion of the oudizer was
used 15 not thought necessanls to indieate that the responsible enzvimes
were actinated by the fern and ferrocyamdes This effect mght for
instance have been due to a slower oxidation of Iiberated mndoxy! at
the | H employed (Colson & Holt 1928)

Although i the tests with liver homogenates the use of an acid
pH might have made ofher enzvimes than non specific esterases respon
sitle for the splitting of the mdoxn] acetate (Hess & Pearse 1958) 1t
might be permissible lo comment on the interpretations of the more
| recise localization of indigo 1n hver and in hidnes tubules n reactions
for csterases with halogen substituted indoxs! acetates and high con
centrations of oxadizer Holt (1926) regarded the mam cffect of the
oudizer {o be to reduce diffusion of ltherated indoxyl Holt & Hohbiger
{cited by Holt 1908) state that esterases are ot intubited by fern and
ferrocvanudes Shmitha & Seligman (1961) clearls seem to have shown
that when such high concentrations of the o<idizer are used 10 mdigo-
genmie histochemical methods a large part of the esterases do not gne
dejosition of dve Thewr findings thus disagree with the opinton of
Holt (1926) Their interpretation of this decreased deposition of mdigo
1s that part of the esterases were ihibited by the fern and ferro
evamde They do not however offer direet evidence for this opmion
smnce for technical reasons they could not incorporate ferri and ferro
evamudes 1 their azo dve methods for csterases In the hght of the
present investigalion at therefore seems that before therr theory can be
finatls accepted 1t should be excluded that an mereased formation of
colourless by products from liberated halogen substituted ndoxs! un
der the influence of ferrt and ferroevanide 15 not responsible for this
decrersed formation of blue indigo
n ;‘;\lllcmr‘(:;x;hr:u]m::lr that 10 Al histo enzvmatic indigogenic staming
trom 1 cm:‘m :':\1 10n of uncoloured or faintly coloured by products

doxs1 should be considered 1n the interpretation of
the resutts

More retable risults might be oMamed 1f liberated indoxsl 1n

nsto-enzymatic reactions 1« cou
pled with diazonmum salts as em
I\ Hess & Pearse (1961 62) as cmpleyed

SUWW ARy
“ Potassm ferrt and ferrocvanides m 5 mM concentrations wmduce
Im formation of colourlcss or faintly colovred by products from a
arge 115t of indoxal liberated from ndoxn! acetate by NaOH t
26 by Iner homogenates both under yerial condf s
sitle conserquences of this n

tuns The pos
Indig gemie stumng, roaehions o

the mterpretation of histo enzymatie
re discussed
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METASTATIC CARCINOMA TO THE JAWS
By

Fiss Ceatsey and HesoinnG PoLLses
Recersed 1062

Ml istitie mnvolsament of the mandible and maxilly 15 nol uncom
mon s pirt of geacralized metastasss from carcinomas developing at
widely differcnt sites especially  breast  bronchu and Kkidney

1 ¢ss frequent and more mteresting s 1t that metastasys to the jaw
hones may oceur at an early stage of the disease and sometuncs re-
present the furst sy mplom of a metastalic carcinoemn and of the primary
tumour as well

Thest cases should reeenve special consideration because case histories
rqortad wn the hiceature show that they are offen overiooked or mis
mterproded 1n many eases for several months From a diagnostic point
of view metsthe caremoma of the Jawns plays 1 role both chimealiv
wnd radiogriphically, in the differentiation from diseases such as, for
example cvsis bone abscesses ostcommchitis and prumary tumours
of the hone

The itm of this work has been to call attention to the pathologieal
picture of metastatic earcinomas tavolving the jaws further to carmy
out an nalvsis of {he casc reports published n the hiterature as well
as 1o jresent fine own enses and finally to analvze the ssmptomatho

feay and pathologieal snitoms of metastatic carcinomas of the 1w
Lones

MATERIAL

y The muesugalt ne miriscd a €l of 200 casest € tomont tiasne n fho <o
nes ¢ . . -

nat o - . R
The T o

criteria

M Ayt oestatlish
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fr m metastases t the + -

eallv verific § earcinema » '
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Fgs 1ond?2

Fg t €aeSo 1 Ratogram 1 the lower jaw 1 a 60 vear-oll man There (s a

markelre riti nof bone between the | wer right ¢an ne and lateral inessor
Fy 2 CaseN 1 Il ol gleal

etamination of the metastas s shuws adenncarcinorsa
Hacmalum  evsin X 370

Smultane u U wll the appearance ¢ the mant lular mefastasis the patient
T2t [3ns in (he lumlar region Insteat cf stillestr 1 be was g ven avex whic
el eved the pain

In add ti n rad therapy v as administere] 1
whohfalled t decre

the jaw tumour
in size Put Fecame pa aless Duaang the € Howing sear the
tum g1 © 0t nyns 10 Rrow qu te st wiv and from December 1937 parns in the jaw
“t nagan Wikin the 1 Nowing months Ihe patienl « con it n beeame gradusllv
® rie and he died o the Sth August 1953 Autopsy sh wel a prostatic care noma
WAL widely disseminated b ne metastases anl care nusts pleurac
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RESULTS
Case Reports

Cxamination of own records revealed five cases which met the above
mentioned requirements All frie cases were found to be metastatic
carctnomas of the mandible The case reports will be outlined below

Case 1

A 60 vear old man consulted his physician on the 2ith December 1956 for a
hemispherical 1ndolent swelling of the gingna round 3 2—1 which he had noted
two weeks previously There was rodraction of gingiva and the radiograph showed
a horizontal hone loss of about 5 mm between the two tecth (Fig 1) There nas no
fracture Thirteen days later 3 2 — were extracted revealing the presence of foul
smelling pus 1n the alveolus The Wound healed normally during the following three
weeks but as the swelling failed to subside the gingival tumour was extirpated on
the diagnosis of epulis The tumour tissue was greyish white and pulp) mvolving
both soft tissue and bone All macroscopic pathological hone tissue was removed
with a chisel Healing accurred without conplication in a few days Histologic
diagnosis  adenocarcinoma metastaticum (Iig 2)

7he past medical history revealed that five and a half vears prevsously (June
1951) the patient had a Block Yiculicz resection performed for adenocarcinoma in
the sigmod flcxure of the colon The patient felt well untal the spring of 1924 when
increasing symptoms of bronchitis occurred \ ravs showed a large tumour in the
upper lobe of the Ieft lung and 1n August a left pneumectomy was performed The
lung was found to be the site of an extremely pulpy, grevish arregular poorly
defined mass measuring 8 by 8 by 8 em and 1n the lyvmph nodes of the hilus
numerous whitish infiltrates some measuring up to one cm were scen Microscops
showed an adenccarcinoma probably dermved from the colon carcinoma The
patient felt well again until December 1956

Following cxtirpation of the gingival metastasis the condition of the patient was
rapidly declimng and he died four months later Autopsy revealed & white tumour
in the man lible to the night of the midline Tt was 25 by 20 by 16 mm extending
into the gingnna Further fmidings included ¢ vseus metastases to the centre of the
cleventh thoracie vertebra and the third lumbar vertebra the minth rib and the
entire right half of the pelvis Soft tissuc metastases to hmph nodes were setn
throughaout the abdomen 1m the chest on both sides of the neck n the thyrad
gland both of the adrenal glands Iiver panereas right lun and right pleura
Symptomes of recurrence Wwere not demonstrable 1n the colon

Case 2

On the 5th April 1957 & man aged 77 was referred to the surgical department by
his physician because of pains and swelling on the left side of the lower Jaw
Fxammation shoned a fistular formation in the area of —4 at the site of 2
previous operation (in 1955 surgical treatment for a cyst) Radiography showela
sclerosing process n the region of —5 to — 8 which was interpreted as osteitss
or metastasis (Fig 3) During the following weehs a walnut sized fluctuating
swelling developed On the 11th Aprl 1naision was made with evacuats n of blood
staned pus Culture showed a fon colomes of non hacmolstic streptococes The
suelling perasted and on the 4th June incision was repeated with draining of
more pus With 2 sharp spoon a sectim of tissue was removed for mrcroscopic

tion showing {Fig %)

The past history revealed that the patient had heen prestatectomizad 1n January
1955 Diagnosis adenocarcinoma prostatae In October 1995 he was re hosmtahized
because of pamns n the back Radiographic examination showed estensive osteo
sclere Lic metastases Treated with stilhestrol with geod respense
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Figs 5and 6

Fig 5 Case o 3 Radiogram of the Jelt side of the Yower
Hesory tlon «f hone 3 seen in the angle of the ma
the condyle wnd the coronoid process

Fig € Case N 3 The histologi at CXaminafian

aden matous carelnoma Haemalum « eosin

43% of 3 63 year-old man
ndible progressing towards

of the metastasis shows galid anq
x 320



Fig 3 CascNo 2

Fig 4

Figs 3 and 4

3 Radicpram of the left side of the lower jaw of a 77 vear old man
The frgure shows a radiopaque [recess in the region of the 1 wer left second

premolar and hackwards to the region of the third molar

Case No 2 The biopst shows adenocarctn ma Haemalum  eosin X 320
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F g % CaseNo 3 The radiogram of a 31 year 6ld man shows & lestruct op of the
brpe in the reglon [ the bicusp ds and the canine ¢ [ the right s d¢ of the
manditle

} g 10 Case No 5 M crowopic of the is shows 1
carcin 'ma Raemslum  rosn X 3%0
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Figs 7 and 8
Fig 7 Case \o 4 The left side of the lover Jan of a 4% year old weman shows a

ratolneent area corresponding to the regton of the bicuspids and the first
molar

Fig 8 Case No 4 The histological picture shows a sahid carein ma Haemalum
eosin X 320
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Figs 9 and 10

#iz 7 Cave \a § The radiokram of & 54 yesr old man shows a destruction of the
be e in the reglon af the bicocpids and the camine of the right side of the
mandible

Fig 10 Cave No § ¥ of the
ur(lnnm. Hacmalom - cosin % 320

shows !
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Case 3

The patient was a woman aged 63 whe came to the surgical department on the
18th May 1960, refcrred by her dentist She complaned of pans round the kit
zvgomatic arch and anaesthcsia and paracsthesta of the lower jaw A small bone
intumcseence in the region of — % 4 was removed Temporary improsement followed
but as the ssmptoms recurred and the radiographs gave mise to an suspieion of
metastasss to the ramus of the mandible (F1g %) a1 biopsy was taken from the
wren of —8 The microscopie ¢xamination showed carcmoma selidum i parbim
adenomatosum (Fig 6)

In 1955 a leftsided mammectomy had heen performed followed by postoperatne

. JRARPRET

radio t - crent
or met

After upon
which . abeu

tancous slowly grow
of the pelvis, on the
1schium presumabls
dcvelopment of the pathological process

Case

A 45 year old woman visited a dentist m the beginning of fcbruary 1953 com
plaining of puns m the region of —4 The radiograph showed rarefaction apically
and — 4 was rcmosad (Fig 7). As the puns eontinued as before she was referred
to a surgical department where a biopsy was taken on the 11th Februars The
histelogic dingnosts was carcinoma solidum mctastabicum (lig 8)

The previous history revealed that the patient had been subjected to a neht
simple mastectomy m August 1952 follow ed b \ rav theraps, admimstered for the
last time on the 16th September 1952 \ieroscopic diagnosis  Carcinoma solidnm
The patient did well until the symptoms of the jaw metastasis occurred

\ rav treatment was dnven in Fabruary March 1953 to the left side of the
mandible followed by complete relief of the pamns Already at the end of March
new metastases appeared subcutaneously on the abdomen and during the following
months the patients rapidhy deteriorated and died on the 14th Tune 1953 At autopst
extensive metastases wire found 1n the vertebral column togcther with mctastases
%% mans sites i the subcutancous tissuc Turther the Iner had greatly enlarged
and converted mnto confluenl metastatic tumours

Casc 5

The paticnt was a 54 year old man who on the 2nd March 1958 complamed of
hypaesthesia of the trigeminal region on the right side most promounced an the
ramus of the jaw \After some time a swelhing duseloped an the area of 54—
hesta and very sovere ncuralgie pamns Radiograms aroused

acee mipamied by paracsth
(f1g 9 and histelogical ¢xamination shoned anaplistic

suspiclon of metastasis

caranoma (Fig 10)
Previonsly the patient had been i general good health Since the end of 1957

increasing, cough with dvspnoca developed together with waight loss The sputum
contmned undifferentiatcd tumour cells On the 24th [ ebruary 1958 cxploratory
thoractoms was performed 4 tumour the wize of a fint was found in the left upper
labe with conglomerates of hvmph nodes n the hitus and along the trachea The
postoperatiye course was unesentful except for the abovementioned hpacsthesia
n the right side of the mandible

As the pans in the area of 5 4— caused the paticnt great distress the mental
nerve was severed on the 16th May 1928 The paticnt rapudhy deteriorated and died

at home three wechs Iater

Analgsts of Lilerature and Own Cases

The results obtained from the entire matenal, 1e the cases from the
hterature 1n addition to our owWn cases, are presented below
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Number of patents
3 83 B

s

WD X000 DED
Age n years
Fig 11
Age incilence f carcinoma metastasis to the jaws 97 patients Farst age group is
r m birth ¢ 9 vears sccond group from 10 vears to 19 years ete

Of the total number of 97 cases here considered information of sex
was absent in 12 the remaining eases being distributed on 52 women
nd 13 men

The age distribulion 1n the 8 cases of which information was ob
tamnable appewrsan Fig 11 where the patients are grouped 1n 10 year
Ixriods The awerige for all the patients was found to be 03 6 vers
for womnen alone 531 vears for men 585 vears The median age was
s van the vounpast patient was 16 3¢ irs and the oldest 79 For
women alone the medin g W o7 vears {or men 60 years

Twunty six of the {inty consulted fiest 2 dentist for the jaw
affectien scven at phvsician while it remauns ol scure to whom the
remuning 64 atients apt led

txeqpt for swelling nd pan infcrmation was searee, of svmploms

caused i3 the jaw metastias The distrbution of recognized svmptoms
ts shown in Table 1

TABLF 1
Symptoms of Metastal ¢ Carcinoma of the Jaws 1n 97 Pat ents

Tresent  Alsent Mo {nformations
Swelt ng 65 5 21
tan 3 n 38
Anacrthedda 13 1 18
1 ovenlng 1 tecth " 20 63
Faraesthesia ki 3 81
I jeraesthesia o 8 89
Jaw fracture 6 22 69

2 acravarn 37 ¢
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Fig 12
Locahization of the metastasis from carcinoma to jaw n 70 cases A square has been
marked for cach region affected Most metastases cover mor than one square The
figures indicate the region according to Haderup’s nomenclature + designates the
upper jaw, and — denotes the lower jaw If the sign is placed to the right of the
figure (74, for example) the right side 1s indicated and vice versa In this ligure
“a” angulus bulae and “r", ramus mandibulac
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Among the 65 patients with swellings sie presented prosthetic trou-
bles and of the 20 patients who stated to have no loosening of teeth
19 were found to he edentulous in the region affected

The mtenal between the occurrence of the first symptom of the

1 and the ) of the d saried much from
pattent to patient In most of the cases symptoms had been present for
4 few weeks only, while symptoms 1n some cases had persisted for
sescral months, 1n a few, from tno or three years

Concerning the course of the disease the data showed that i 33 of
the cases the Jaw metastasts was accompamed by symptoms and
diagnosed hefore recogmition of the pnimars tumour, while the meta-
stasis 1n 51 of the cases occurred subsequent to the recognition of the
prmary tumour Information m {his respect was laching i 13 of the
cases

In 10 cases the imtial mamfestation of a jawn involvement had
occurred within less than one year after treatment of the primary
feston, 1n 11 cases one or two years had passed, in 15 cases two to five
ine years and in six cases five years or more, while information as
regards this time nternal was absent in 35 cases All groups were
represented by tumours ansing 1n widely different organs, nad no type
of tumour seemed to have a particularly long or short time mtenal In
the great majonity of cases death occurred shortly after the develop-
enY of the metastasis

The course of the condition after the recognition of the 1aw meta-
stasis was reeorded n 70 of the patients OF these 62 had died, death
occurnng sathin one year in 49 cases within two years in six, and
within four ycars i two cases Of the eight patients who were alive at
the time of publication of the case, six had heen controlled for one year

and one for 15 months, while the last (thyroid carcinoma) presented
no evidenee of recurrence after seven jears

The rasions sites of ongn are hsled 1n Table

TABLF 2
toration of § rimary Tumaur in 3 Cases of Metastatee Careinoma of the Jaws
Mammae 30
Pulmanes 17
Renes - 15
Glandula theven dea 6
Pocseats €
Lol n (inclyding reclum) €
Ventriculus 5
Melan waresnc ma 5
Teates 12 semin mas 1 embrve nal carcine ma 3
Vesien urinaria 1
Hepar R h
Lervix uteri t
&—-”\,&1\_
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Locahzation of the metastasis from carcinoma to jaw in 70 cases A square has 1 cen

Lo ked for each region affected Most metastases cover more than ene square The

figures ndicate the regon according to Haderup s nomenclature + designates the

weper gaw and — denotes the lower jaw If the sign 1s placed to the right of the

firure (7+ for example) the nght side 15 mdicated and vice versa In this figure
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Among the 63 patients with swellings s1x presented prosthetic trou-
bles and of the 20 patients who stated to have no loosenng of tecth
19 were found 1o be edentulous in the region affected

The nterval between the occurrence of the first symptom of the

t: and the blish of the diagnosis varied much from
patient o patient In most of the cases symptoms had heen present for
a few weeks only, while sumptoms tn some cases had persisted for
several months, 1n a few, from two or three years

Concerning the course of the disease the data showed that in 33 of
the cases the jaw t was accomy ) by symf and
dingnesed before recognition of the primary tumour, while the meta
stasis 1n 51 of the cases occurred subsequent to the recognition of the
primars tamour Information 1n this respeet was lacking n 13 of the
cases

In 10 cases the mitral manifestation of a jaw ivoliement had
occurred within less than one year afler treatment of the prunary
lesion 1n 11 cases one or two vears had passed, m 15 eases two to five
Inne years, and m six eases five years or more, while wnformation as
regards this time intersal was absent 1in 55 cases All groups were
represented by tumours ansing in widely different organs, nad no type
of tumour seemed to have a particularly long or short time wnterval In
the great majority of cases death occurred shortly after the develop-
ment of the metastasis

The course of the condition after the recogmition of the jaw meta
stasis was recorded 1n 70 of the patients Of these 62 had died, death
occurning withm one year in 49 cases, withmn iwo years n six, and
withm four years 1 two cases OFf the erght pahients who were alive at
the time of publication of the case, six had been controlled for one year
and one for 15 months, while the last (thyroud carcinoma) presented
no evidence of recurrence after seven years

The various sites of origin are listed 1n Table 2

TABLE 2

Location of Primary Tumour 1n 97 Cases of Metastatre Carcinoma of the Jaws

Mammae 0

Piimanes v

Renes 1a

Glandula thyreo dea 6

Prostata 13

b 6

5

. 5

3

1

Cervix uteri :

Total 97
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Among the 97 cases 60 presented solitary metastases to the jaws,
nine presented multiple metastases, whereas no information 1s available
in 28 cases In 17 patients the upper jaw was involved, in 77 the lower
jaw, while two patients presented metastases to both jaws Only 1 one
case such information was not available

In 70 instances the exact localization and extent of the jaw metastases
were known, m order to demonstrate a possible predilection the loca
lization of all of the tumours are graphically represented in F1g 12
Each region affected 1s represented by one square Most tumours cover
more than one square As seen 1n the figure the metastatic carcinomas
occurred chiefly m the lower jaw, especially distally of the canines

Objectisely, infiitration of the surrounding soft tissues was demon
strated n 37 patients, while the tumour tissue was confined to the bone
proper 1n eight (1n 52 cases the sides of affection are unhnown)

In 42 patints other bones besides the jaws were affected, while
sheletal metastases were localized to the upper or lower jaw In 13 pa
tients In the remammng cases data mn this respeet are lacking

Metastasis to the lungs was seen in 19 cases, the lesion being absent
1 16, and 1n 62 cases data n this report were not available

No defimte difference could be demonstrated as regards surnal
times 1n groups of patients presenting involvement of the lungs or of
various bones, and patients presenting jaw metastasis exclusively

DISCUSSION

Only few comprehensive analyses are available from the literature on
metastafic earcinoma to the jaws, such phenomena being pubhih(‘d
chiefly 1n the form of case reports Richard et al 1936, have gnen 2
reviews of the Iiterature between 1892 and 1956, and (asfighano &
Ronunger 1934, have reviewed the hierature from 1902 to 1953

As shown by our results only 92 cases from the literature were found
to fulfil the critersa set up by us In a presious work (Lastighanoe &
Romunger 1934) a higher number has been reportcd In their review of
the Iiterature they found a total of 176 cases of metastatic myolvement
of the jaws

This great difference n number of cases selectcd must be ascribed
partly to the melusion by Castighano & Romunger of metastatic sar-
comas Further they ncluded cases of hip carcinema and carcinoma of
the thyreoid gland Wwhich often Iacked adequate data as judged by our
criteria, or which proved to be cases of direct 1nvasion of a primiry
tumour to the jan In many other cases there was no histologically
venfied diagnosis of the metastasis or rehable mformation of the
diagnosis or location of the primary tumour Fmally, Caslighano &
Hominger wcluded casts of metastases to the soft gimgnal tissucs

As seen in Fig 11 the age distribution of the matenal here discussed
16 1n fair accordance with previous findings 1n cases of metastases to
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the jaw bones (Richard et af 1056, and Cash ¢! al 1961) and of (mcouq!
metastases in general (Geschickter& Copeland 1949) Thus, with regard
to time of occurrence metastatic lesions in the jaw do not scem to
differ from other sheletal metastases .

In a series of 20 persons Cash et al found an average age of 56 7 and
a mean age of 60 These lgures are in perfect agreement wath the lind-
ngs by the present authors

There 15 a considerable difference between the number of women
and men 1n our cases, and this difference, which 1s sigmificant, p <001,
(Fisher 1931), 1s undoubtedly due to the fact that metastatic ecarainoma
from the breast accounts for about 30 per cent of all metastases n-
cluded The series reported by Cash ef al ncluded mine women and 11
men, only two of thesc 20 metastases were derived from mammal
carcinoma

The most frequent symptoms of metastatic carcinomas of the jaws
are swelling and pun—as n other hone metastases The diagnostic
ralue of these symptoms s umpatred by the frequency with which they
occur 1n dental diseases 1n general More charactenistic features of
mandibular metastasis arc the anesthesia and paraesthesia involsed,
these two symptoms being present only rarely in other pathological
conditions Their importance are dumuinished, howeser, by the fact that
they were stated to occur only in about 25 per cent of the cases included
The mmportance of sensinlity disturbanees has been demonsirated, n
particular, by Roger & Paillas 1937 As opposed to anaesthesia and
paracsthesia no case of hy peraesthesia was reported

Another, not uncomnton, symptom 1s the loosening of one or more
teeth 1 the same area This symptoms mn particular 1 sigmficant 1n
Patients with 1ntact teeth and absence of generalized periodontitis

Spontancous Jaw fractures are rare, even n advanced cases, if
present they will probably lead to a prompt and correct diagnosis

Although the mcidence of metastases to the Jaw in the frontal region
of the mandible apparently 1s mferior to the ncidence distally of 3-3,
s cannot be regarded as evidence of a predilection There is, however,
a much higher frequency of development of tumours n the mandible
than 1 the mawilia, and this distnbution 1s 10 good agreement with
Presious works

The course of the discase must be described as relatively rapd Thus
most of the patients will only have symptoms persisting for one to two
months hefore the metastasts 1s discosered

Summarily 1 ean be smd that recognition of metastasts to the jaw
bones 15 of special mterest, because in a great number of cases (in the
present series, 33 out of D7) the involvement of the 1aw presents the
first symptom of tumour at all

1t must he concluded that metastasis o the 1an bones must be sus-
Peeted i particular, if patients with swelling and pains 1n these areas
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show signs of anacesthesia as well as paraesthesia Toosening of teeth
and spontaneous jaw fracture are also signiftcant symptoms

Radiography does not give charactenstic findings, and may he quie
negative at the imtial stage of a metastass to the jaw 1herefore hopsy
15 essentral for an estabhishment of the diagnosts metastatic ¢ areinoma
of the jaws

SUMMARY

The Iiterature from 1884 to 1961 deahing with metastitic carcinom?
of the jaws has been reviewed Ninety seven eases have heen selected
m accordance with the eriteria established by the authors Ninefy two
have heen collected from the hiterature, and five of our own cases hae
been added

The frequency of metastatic carcinoma of the jaws was found to e
higher among women than among men, possibly because metastiss
from carcinoma of the breast constituted nearly one thurd of the total
number of cases The average age for all the patients was 556 years.
bheing somewhat higher for men and somewhat lower for women

The most common symptoms were found to be swelling and pur
but the most sigmficant symptom was paracsthesia of the lower Jav
In about onc third of the eases the metastasis gave symptoms and W18
recogmized before the primary tumour The prognosis was found to he
very poor, 70 per cent of the patients died waithin the first year affer
dctection of the metastasis

The majority of the metastatic lesions were dernved from ¢ iremnom?
of the breast, lung, and kidney The most common location was found
to be the lower jaw, especially distally of the eanmes

Radiography gnes rather uncharacteristic findings, hence biopssy
15 essential for the establishment of a correet dignosis
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STUDIES ON THE NEWT TEST FOR CARCINOGENICITY
3 \on Carcinogenic and Weak (arcinogentc Hydrocarbons

By
| PEECTTSTEANN
Heeened 19 x67

Sludies on the specifierty of a test for carcinogemarty should be
performed by companing the action of carcinogens to related non-car-
cmogemie compounds Among polycyclic aromatic hydrocarbons the
best hnown non-carcinogens are phenanthrene and anthracene These
two chemical compounds are of a rather simple constitution, and 1t
should scem particularly mnteresting o examine non-carcinogensc hydro
carbons of a more complex structure ¢loser to potent careinogens The
experimental experience on such compounds, however, 1s quite small
as compared to that on strong carcinogens hhe benzo[a)pyrene, dibenz-
{a h}anthracene and 3-methylcholanthrene, <o that 1t 1< apen to douht
whether they are really non-carcinogenie, 1 mactive under all exper:-
mental conditions This uncertainty 1s ncreased by the general con.

sideration that 1t ss extremely difficult, or impossible, ta draw a sharp
tine betneen and

gens, the difference probably
heing more quantitatise than qualitatine and also dependent on the
tnen 4 These arr es make 1t more adequate to work
along a quantitative line mn the present mvestigations on the specificity
of 1he newt test and so examine the eifect of simple non-carcinogens

and weak earcinogens as compatred to that of related strong carcino-
genie hydrocarhbons

The hvdrocarbons chosen for the present experiments are shown m
Table 1 Wincludes 3,6 dimethy) benz[a]anthracene as a representatine
of the complex supposedlv non carcinogenic hydrocarhons

REPORTED RESLLTS IN MAMVALS
Phenanthrene Since the negative result
Hieger 11330 and Yasin ot uf 035 qoms 1 Remmeway (1924), Aennaway &
—_—_—
are authors thanks are due to Profy
1 Denchrey Frewburg for saluable ;uxge:!«:x.f.ngalf:ﬁuml' Londor und Professue

T
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show signs of anacsthesia as well as paraesthesia Loosening of teeth
and spontancous )aw fracture are also significant symptoms

Radiography does not give characteristic findimgs, and may he quile
negatne at the mitial stage of a metastasis to the jaw Thorch.m' biopsy
1s essential for an establishment of the diagnosis metastatic earanoma
of the jaws

SUMMARY

The hterature from 1884 10 1961 dealing with metastatic carcinom?t
of the jaws has been reviewed Ninety seven cases hnve been selected
In accordance with the criteria established by the authors Nmels two
have been collected from the hiterature, and five of our own €ses hue
been added

The frequency of melistatie carctnoma of {he jaws Wi found to he
higher among women than ameng men, possibly becnuse metastass
from carcinoma of the breast constituted nearly one third of the total
number of cases The average age for all the pahients was 576 yers
bemng somewhat gher for men and somewhat lower for women

The most common symptoms were found to be swelhing and pun.
but the most significant symptom was paraesthesia of the lower J1»
In about one tinrd of the cases the metastasts gave symptoms and was
Tecogmzed hefore the primary tumour The prognosis was found to be
very poor, 70 per cent of the patients died withun the first year after
detection of the metastasis

The majority of the metastatic lesions were dernved from c
of the breast, lung, and kidney The most common location was found
1o be the lower Jaw, especially distally of the canmes

Radiography gives rather uncharacteristic findings, hence bropsy
15 essentinl for the establishment of a correct diagnosis

arcinon?
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purified chrysene 3selded no sarcomas m a fotal of 100 mice, obseryed for 11 fo 12
smonths The degree of carcinogenieity 1s stated as heing very shight This statement
15 confirmea by Barry et al (1935), who mduced 1 epithehioma and 3 papillomas 1n
150 mice painted twice weebls with 2 03 per cent walution 1n benzene Barry &
Cook (1934) injected an impure sample of chrysenc subcutaneouslt and saw 4
mesenchymal tumours in 10 Tats seseral berng definitely malignant The result was
negative 1n mice o an agueous colloidal solution purified chrysene had no car
cinogense elfect on the subcutis of rats (Bagland & Burraws 1315) Polia (1939,
1941) observed his painted mice for only 133 days and made injections on onb §
rats \o fumours were seen

The first experiments with pure or synthetic chrssenc were largels negative, hoth
e parating of mice (Schfirch & Wanterstern 1933) and hy subcutancous injection in
mice (Shear & Letter 1941) The result of Bachmann ef als experzment (1937},

however mav indicate that a long period of obsemation is necessary, thewr first
and only epithelial tu~ = -~ -~ - - T

ilnled mice
ned for more than 44 . . 10 rats of
soluttons of chrysene Took et al
1936) In 19a1 Riegel "

. + caranoma
among 15 surviving mace painted for 31 wechs with 02 per cent chrysene In the
same vear Stetaer & Falk (1951) ascertawmed that chrusene 3s & weah carcsnogen

They obtained 4 sarcomas 10 24 surviving (57 black mice injected subcutaneously
With § mE chrveens mn ar ranmdn b oam - o A .

s s LAl A serzes of dnjectt n o
genic properts af anthracene (Fibiger 1923 1t .
Bergnlts & Hlyina 1951} Qnly wn a few instan,

e als were
Fie . . T, I doses
Frur . . .t miection
range i tche-
simil.

. us e In a

« 2 unt sutlapeatoneal sojections were given and one out of 5

rats got a metastasizing spindle-cell sarcom; o e ogemey
. a23earslater So the no

of anthracenc secmns o be qualified 50 themen earcinogentcity

Benzlalanthracene According to paints

nE experiments the car
benzlalanthracene 15 very shght One epithelioma w s nros ko amcee o> +F

. 't . alunacene have been used f Teon

Injections in rats (Bouland & Burrows “rabint (Hoeg, Ebeutancouy
s 1935) and 10 1 rabb

A ahbit (Hoch L

ety Were not nated Klemn (1952) provaked q care o san  ota 000 1981

and .
benza

ntn -

depen . fr

wat

o « avmuose sever ot b
ol ol 44 sarcomas among 180 muce (¢fective fotal) A?fr:’;: mﬂ?
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tion time varied from 236 davs to 438 davs In conclusion benzanthracene was
characterized as moderately carc under the cond of the experiments

White & Fschenbrenner (1345) found hepatomas in 2 out of 6 rats fed benz{a)
anthracene for 9 to 14 months The occurrence of tumours seems not to be casual
Shear & Letter (1941) after onc vear observed a raised number of tumour nodules
m the lungs of two stram A mice 1njected with benzanthracene but Andervont &
Shimhzn (1940) did not find this substance able to induce pulmonars tumours after
14 to 20 wechs

3 6 Dumethy! benz[alanthracene 15 generally accepted as a non carcmogen (Cook
et al 1936 Badgcr 1948 € hali et & Mason 1961) This view scems 1o he founded on
one experiment deseribed by Bar i -
painted on the bach with the hy
1 ycar the last one dving on the
related 2 6 dumethyl and 3 monomethyvl derrvatines were inactne too while the
application of 6 meths1 benz[a]anthracene led to the appearance of 2 epitheliomas
and 1 papilloma 1» 10 mice The number of animals 1n these tests 1s inadequate for
final conclustons hut the results on the two monomeths] dernatives have been
confirmed 1n recent, more extensive expermments (¢ Haam reported by \ewman A8
Otsuha 1958 Dunming & Curtis 1960)

TFCHNIQUF

1he applied techmgue has been described 1n carlier reports (Arffmann & Christen
sen 1961 {rffmann 1962) and onlv shight modifications have been 1ntroduced during
the present imestigations A small notch made with scissors has replaced the suture
as a mark of the level of needle puncture mn the tail This procedure 1s casier b
perform and gnes a safer marhing than the suture which often fell off

In a period when available nexts were few the author tried to use subcutaneous
injections in the back of salamanders whose tails had previousls been amputated
aftcr testing by the usual method This new technique has formerly heen applied
by hoch et al (1939) and by Veukomm (1941) both obtaiming epidermal hy perplasia
and nfiltrative downgrowth on the mjection of carcinogenie solutions In the present
expersments 1njections were made to the right of the dorsal midhne just 1n front
of the hind leg The needle was introduced obliquels and the deposit amounted 00>
m! forming a small prominence of the overlying skin The time of obseration
followed the usual scheme the ammals finally being killed and frxed 1n toto After
fixation the area of njection was 1solated by transyverse cuts through the whole bods
and preparated as earher described

‘Another way of utilizing once 1njected newts was tried mn a few experiments
Salamanders with partially o wholly regenerated tails were chosen and the injection
made 1n the proximal part of the tail just distal to the anus This region had pot
been amputated at the first testing and so represented the original and not the
secondary tail

The various test solutions were prepared 1n the usual way (Arffmann & Chrisien
sen 1961) The hvdrocarbons were carefully pulverized and so the period of heatiog
for the less soluble compounds could be reduced to 1 15 minutes Refined peanut a1l
and sovabean o1l served as selvents new samples being dehvcred evers month from
Dansh Sorahagefabrik The percxide value was controlled and the eils were hept
1n 1cebox under mitrogen atmosphere

Phenanthrene puriss (L Light & Cc  Fngland) and 124 trimethsIphenanthrene
(supplied by the courtess of Prof H Danncnberg Munich) wcre easily soluble in
the otls Anthracent (The Bnitish Drug Houses Ltd ) triphenslene (L Light & o)
benzlalanthracene (L Light & (o) and 3 6 dimeths] benz[alanthracene (supplied
by the courtesy of Prof A Haddow Lendon) required a short heating for the
oNabhishment of clear solutions Most difficult to solve was chrysene (L Iight ¢
) and like anthracene the 05 per cent solution needed o second heating before
njection because of secondary precipitation The pure oils used for contrels were

1f the test solutions were
hc:‘l}fs experimental ammals (Triton cristatus) were as far as possible

rding to sex
caualls oo s Blocks it was found b comparison that evers 15th of the seris]
ts ns sufficed for the histolozic demonstration of ¢ven minute lesions This has
S reted a considerable reduc’ number of microscopic shdes
e

disaded
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tion time varied from 236 davs to 438 days In conclusion henzanthracene was
chm;atlcnzcd as moderately carcinogeme under the conditions of the experiments

White & Fschenbrenner (1945) found hepatomas n 2 out of 6 rats fed benz[al
anthracene for 9 to 14 months The occurrence of tumours seems nat to he casual
Shear & Leter (1941) after one year observed a raised number of tumour nodules
in the lungs of two strain A mice njeeted with henzanthracene but dndertont &
Shun/ in (1940) dud not find this substance able to nduce pulmonary lumours afler
14 to 20 wechs

3 6-Dumethyl benz[alanthracene 15 gencrally ace 0 0o Caok
ol al 1936 Badger 1948, Chalvet & ‘la’;an 1 N epted as a non cafe e '( e
one experiment, descrihed by Barrg et al (1
pantad on the back with the hsdrocarhon .
13vear the last one dving on the 707 dav but tumours were not induced The closely
related 2°6 dimethsl and 3-monomeths] dernvatives were mmactive too while the
application of 6§ methyvl henz(alanthracene led to the appearance of 2 epitheliomas
and 1 papilloma in 10 mice The number of animals in these tests 1s madequate fr
final conclusions but the results on the two monomethy] dernatives have been
confirmed 1n Fecent, more extensive experiments (1 Haam reported by Veuman &
Otsul a 1958, Dunming & Curtis 1960)

TFCHNIQUI

The apphied technique has been described tn earlier reports (Arffmann & Christer
sen 1961, Arffmann 1962) and only shght modifications have been introduced during
the present imvestigations A small notch made with serssors has replaced the suture
as a mark of the level of needle puncture 1n the tail This procedure 1s easier ta
perform and gives a safer marking than the suture which often fell off

In a perrod when available newts were few the author tried to use subcutanceus
injections in the back of salamanders whose tails had presiously been ampulate
afier testing by the usual method This new technique has formerly been applied

of the hind-leg The necdle was mntroduced obliquely and the deposit amounted 89+
ml forming a small prominence of the overlving shin The time of ohservation
followed the usual scheme, the animals finally heing killed and fixed 1n toto After
fixation the area of inJection was 1solated by transyerse cuts through the whole bods
and preparated as earher deserihed

Another way of utihzing once injected newls was tried 1 a few expermments
salamanders with partialls or wholly regenerated tails were chosen and the imjection
ade 1 the proximal part of the tail just distal to the anus This regron had not
been amputated at the first testing and so represented the original and not the
sceondary tail

The various test solutions were prepared an the usual way (Arffmann & Chrsten
sen 1961) The hydrocarbans were carefully pulverized and so the period of heating
for the less soluble compounds could be reduced to 1 15 minutes Refmed peanut ol
and soyabean oil served as solvents new samples being dehvered every month from
Dansh Sojahagefabrih The perotide value was controlled and the oils were kept
1n 1cebox under nitrogen atmosphere

Phenanthrene puriss (I Light & o Fngland) and 12 4 trmethyIphcnanthrone
(supplied by the courtess of Prof H Danncnberg Munich) were casfly soluble i
the o1ls Anthracene (The British Drug Houscs Itd ) traphenslene (L 1ight & Co)
benzlajanthracene (1 1ight & Co) and 3 6 dimeths! benz{a)anthraccne (supphied
by the courtess of Prof A Haddow Lendon) required a short heating for the
establishment of clear solutions Most difficult to solve was ¢hrysene (I Tight &
Co) and like anthracenc the 05 per cent solution necdud a second heating before
nyection because of «econdary precipitation The pure ails used for contrcls were

heated 1f the test solutions were
The experimental anumals (Triton cristatus) were as far as passible divided

ually according to sex
chs to the tissue blochs it was found by comparison that evers 15th of the serial
sections sufficed for the histologic demonstration of (ven minute lestons This has

effected 2 considerable reduction :n the number of microscopic shes
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Trimethylphenanthrene

rene

Pounut ofl
05%,In

peanut of
Peanut il

Pant of Tayf Proximsl
Io Secondary Talt

1 [ 1 [ 1
(1ncluded) (included) (1acluded)

Tesponse m any case An increase n strength of the injected solution
from 01 to 05 per cent did not infiuence this result A smgle (+)
teaction to triphenylene i 01 per cent solution was not different from
what may be seen after the mjection of peanut o1l fefr exper No 30)
or soyabean o1l In each of the first two experiments (No 27 and 28)
<hrysene had a frankly positive effect in one animal, while later experi-
ments more consineingly showed its moderate or sometimes even rather
strong actinity (Fig 1) Anthracene {Table 4) was negatne with one
txeeplion at a concentration of 05 per cent Benz[aJanthracene hike
chrysene nduced a weak or moderate posttine response (Fig 23, while
the injection of 3'.6-methyl benza)anthracene was followed by a
strong positine reaction shghtly snferior to that of dibenz(a,i}anthra-
cene (Fig 3) This surprising result was first seen in two experunents
(Table 5) where some controls were posttive, but a later experiment
\No 32) confirmed the finding with half the concentration of the
hydrocarbon

One experiment (No 33) was intended to show whether the snhibitive
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TABLE
Fxperiments with Phenanthrene and
I'xperiment No 23 21 k3
A
= easl o 1 FilF s
CHN PCE Y- Pch - A P
Substance s |SuE3|8LE88] 2 | Eg58|E2258] 3
£ |SEeE(-EEsE| T cEiS (BEESE) £
i |2EEr|RFETE| B | 2ETR|SPEIE| £
L |E25%|TEECE| 23 |ES3F|NEEsE) <
- ! I B
Site of
Application Tat Tail 5
Number of
Animals 8 8 8 8 8 8 3 8
(Triton cristatus)
Sex e &9 8¢ s¢ s a9 b9 &°
Tpudermal
Heaction on
34 day
9-10 dav U
12 dav O
15 dav —_— — i e =
18 day —_— = . i e
Animals died 0
during experiment 0 n 0 0 0 0 0
RESLLTS

The results of myection experiments on newts with the above-men-
tioned non carcinogens and weak carcinogens (Table 1) are guen N
Tables 2-5 and 7 Each compound has becn submutted to several sc-
parate tests, and m most experuments the effect of closely related in-
active and weakly active substances has heen compared, also to pure
ouls and 1n some mstances to strong carcinogenic hydrocarbons

As 1 presious expertments the histological examinalion, performed
by the author personally, showed no constant correlation hetween
macroscoprc findings and histological picture In poutne cases the shin
may be normal or prominent, shile strong responses are often accom~
]iﬂl‘:l(‘(‘ by visible uleerations The quantitative estimation of the results
15 based on the ncidence of partly positine and posihive reactions, not
on the degree of these This principle tends to reduce subjeettvity

Phenanthrene and 1,2,4-tnimethylphenanthrene induced no epithehal
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herglene and Chrysene

¥
0 | A
3 z 323
3 A 2 [enzg | Zesg
Plea) i 22 ) 257 ) BESE
£ He | EIhE | E2mi
£ g3 Tk | REQE) AESE
£ 2
ral J Back
wl
8 8 8 3 E] 8 8 B 8 8
Te 20 s¢ s9¢ 8¢ 49 s s9 &° &%
- - - (+) - = ~ - — —
+ - —_— - == % = + 4+ ~—
- —— +
e~ —_— e+ = =4 - 4+ T 3
4 —= — % - - +
o 0 0 0 1 0 3 3 1 1

@m (1 (n
cluded) cluded) eluded}

direct continuity with the overlying epidermms (Fig 4) The explanation
scems to be that the proliferating epithelium follows the route prepared
by the needle of njection, a course already descrbed by hock el al
11939) as typical after 1 mjection In one case, howerver, after the yn-
Jection of benzpy rene a vigorous epithehal hy perplasia and direct down-
#ronth was seen in the midline of the back (Fig 5)

The other stte of applicattan yn secondly used salamanders was the
dad p to the first In most of these cases old cysts
surrounded by a capsult of connective tissue were found as remnants

of the earlier wnjection {Fig 6) The residue has oby wusly not affected
he outcome

Table 7 shows an experiment made at a time of the year, when the
few remaining newts were 10 a bad condition of health Generally they
were less yinacions, and 1a many the skin was set with numerous white
“pols presumebly due to some nfection Microscopically these lesions
showed localized thickeming and splitting up of the epithelium with
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TABLE
Fxperiments wth
Frpeniment No r i 2829
- S
3 3 o :
Substaned 3| 2 3= :
gl oz £ H
&) 5% 33 £
I N R S R
Site of
Appheation tail Tail
Aumber of
Ammaly 8 8 8 8 8 8 8 L4
(Triton cristatus)
Sex se &° s9¢ se 89 s9 89 4°
Fpidermal
Reaction on
6 7 day +
9-10 dav ——_— e — - = — ) -
12 day —_—— e e e = —F
14-15 dav e () - — e T
18-19 dav -t e e — == == T
Amimals died 0
during experiment 0 [] 0 0 o ]l o)
(nelude!

offect of 4 weak carcinogen (henz{alanthracene) on a strong carcino
genic hydrocarbon (dibenz(a,hijanthracene), demonstrated mn an mnjee-
tion experiment on mice by Slewner & Falk (1951), could he reproduced
n the salamander The apphed solution contained 1 mg of benzanthra-
cene and 1 mg of dibenzanthracene in 1 ml of peanut o1l and was -
jected nto 8 salamanders [he ncidence of positive reactions was

however, not significantly lower than that obtamed with dibenzanthra-

cene alone
Second use of the salamanders by two different ways of application

was found possible {Table 6), and the results obtained by these meas-
ures have been incorporated together with results obt uned by the usuat
techmique Ihe usc of subcutancous injection mto the bach, however
weems to be aless sensitine method In addition, the lustologieal picture
10 positine cases 1 shghtly different from that found m tuls and tess
pmnounccd Most often hyperplasia 1s modcrate ind epithelinl down-
growth 18 recorded as epithelal sslands, often rmgshped and not
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3
ind 3 6 Dimethyl ben-[alanthracene

38 k-3
_/—Au—-— - g = =
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Pooegs | P o|EEfSEE
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N © S e g
— - — —— - +
- - = s T + + +
- - - T S
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01 per cent salution 3 methylcholanthrene has a stronger effect, and
s 1s shightly augmented by inereasing the concentration to 05 per
cent The few sumtlar expeniments with weak careinogens mdicate, too,
an inerease 1n response parallel with the strength of the solution

DISCUSSION

Epidermal prohferation in the newt 15 not a reaction speaific to ear-
cinogens which was to be expected Ne doubt, T uche & Schiumberger
11949) are nght 1 regarding the lesion as a non-neoplastic hyperpiasia
resullinng from proloaged wedstion™ We experienced this finding n the
carher experiments 2 Migorous downgrowth of hyperplastic and ili-
defined epithelium around the serted sutare This circumstance,
however 13 of minor imporiance as regards the applicability of the
reaction 15 a quick test, if the method can distinguish helween careimo
Rens and NOA-CATGNOEens and pernaps cven yield some quantitatine
nformation

Tn the present wnestigation non car:

and weak
25 acTARarH 57 4
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TABLE
Fxpertments with Anthracene Ben-lalanthracene

Experiment No ) 39
[
Substance Soyabean oil ‘lg'l‘o';':,‘)f;?g;,- ""r’,'i'égi::\?:‘\'
| I
AN“,‘.‘C:“M Tail ( Back Tall ; Bach | Tall | Bk
Numbcr of Animals 4 4 4 4 4 A
(1riton eristatus)
Sex 59 s9 a9 s% 89 8¢
Epidermal reaction on
4.5 day — *
8-10 dvy -— - — -
12 day + —_ — - - -
1415 day — — — — + -
18 dav * - - - + ”
Anymals died durmg experiment 0 o o 0 et

degenerative changes of the cells, especially m the mddle where necro-
o1 led to a small defect of the surface Among and in the dcgcncmlcd
cells were many «matil, round or osal, pale bodies, supposed to be proto-
zoes Investigations on the hving material for an exact diagnosis of the
parasites have not been performed The results of the cxperiment were
ot clear, due to the high mortality and possibly to the infection Tr-
phenylene had a rather strong positive effect at a concentration of 45
per cent, but this calls for reassessment

The Jast Table (8) shows, for comparison with the other repol
results, the mfluence of varying the concentration of the potent car-
cinogens Jxperiment No 20 15 partly impaired by had survinal of the
anumals, disturbing the origal plan to examme alf tails on the 1ih
day Yet ot clearly shows that dibenz|a,i]anthracenc has the samt
sh:ong effect at 1, 2 and 5 mg per ml of osl This 1» hardly weahkened
by reducing the concentration to 0 05 per cent (see Table 4) Benzo[a]-
pyrene was spactive n A 005 per cent solution, while the reaction to
the 02 and 05 per cent solutions was a httle stronger than that to a

rted
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were tested In most experiments a concentration of 01 per cent in
peanut o1l or soyahean ol was chosen and so the results are comparable
to those carlier obfamed using 3 potent carcinogenic hydrocarbons
(Arffmann & Christensen 1961) Working with higher concentrations
15 more difficult because of the weak solulniity of some of the hydro-
carhons

The brologte processes observed i the newt test exhint features
peculsar to this species of amimals and so cannot a prion he compared
lo a single sort of tests on warmblooded amimals for mstance shin
painting experiments A comparison with results obtamed by any way
of application in mammals therefore seems adcquate

TABLF 3
The First Fxperiments with 3 € Dimethyl ben=[alanthracene

1speriment No

1

3 6Dime
, — |h{v'1l;rl\x U beox . ibyihenz fate X
Subs ce G gt | doeee | gRa, | done
peandian | peandeatt | pranit o peandioi
Steof -
Applica o1 ™ Tail
Sumler of Animals 10 10 10
1
(Triton cristatus) 10 1
Sex

Epidermal Reaction
n

35 day - - +
§ 7 day -
10 day -+ + 4 - )+ + ot
WIS day + -
" +ox - - 4 + +
2 day + ~ by ’
Lo S I P @ s .
2 ba
\ - — (4 +)
Amimals died during
SXperiment 1 4 1 5
(in (3in On 2 > n
cluded)  cluded)  cluded)  eludeq) .f\lnfi':a;
The oil was heated n 100*

§ Decq s heated C for 13 minules like the fest solutions
Sections techateally bad

2y
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{19 & Modcrate epidermal hyperplasia
and epithchial 1slands around ol
droplets on 12th dav after subcutane
ouy njcetion of chrysene (05 pec
eent) m the bad  + (40X}

T 5 Strong cpidermal  hyperplasia
and dircet epithclial downgrowth o
the midlinc of the hack on 15th day
after  suhcutancous  injection  of
hanzofalpyrene (05 per cent)  +
40x)

119 6 Sccond use of tail proumal to
secondary tail Fpithellal hyvperplasia
and downgrowth on I5th das after
inyeetion of dibicnzlia hianthracenc
{01 per cent) 4+ Fncapsulated eyst
from former (xperiment 1% seen to
the right (25X)

[}
b

L3N
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explanations are possible After all, the weah carcinogemoity of ir-
methyl hrene may be quest the exidence being only one
expeniment on 10 mice Another possibility 15 connected with the great
solubility of {he hydracarbon, which may lead to a faster resorption
from the subcuhs of the newt The same applies to benzo[a]pyrene, but
this compeund 1S A strong earcinogen and so still induces a definste
posilive response, even 1f 1t 15 Weaker than expected according to its
generally accepted position of strength (Barry et al 1935, Iversen 1949)

TABLE 7
Fapertment on Svwts with Infected Skin

Feperiment No a
) Anthrs Topl e-
ance o 05%hin TBoin R
pesnitoll | peanutoln | Peanutoll
Site of
Application T
“umber of Animals 6 6 6 6
(Triton. cristatus)
Sex L) s ° g 9 s e
Epidermal Reaction on
3 4 day - -
6 7 day +
9 day + -
N R g b
b day - - o 1
+ + +
18 day +
{+)
Animals dsed during
eXperiment 3 0

1 4
(3 included) (lincluded)

3 © duncthyl benz{a}anthracene was found strangls active i the newt

test which consequently ma
3 ) 1ot be able to separate clearly non-car-
gnn;:,cns of so complex a structyre from closels relateq caremnogens
hn the other hand the wnactiaty of 3,6 dimethy] benz{a]anthracene
as been demonsteated in only one cxpeniment on 10 mice and so

defnitely ascertaned ts not
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TABLE 6
Preliminary Fxperiments on Second Use of the Salamanders
Fxperiment No J 5 M
Dibens ibenz
a hian lahan
Substance Soyahean thracene Soyabean thracene
ofl 01°% in ol 19,
soyahean soyabean
o

Part of Tail Proximat

Site of
A\pplication ( Back to Secondary Tail

Number of Animals 8 8 6
(Triton cristatus)

Sex 3 ¢ & 9 & 9 & 9

Fpidermal Reaction on
4 day —
9 day — —
11-12 day —_ - —

1+
|
)
1

I+
!
|

15 day —

18 day — +

Ammals died during

experiment 3
(2 included)

The experimental results here reported on phenanthrene, anthracenc,
triphenylene at 01 per cent, benz[a]anthracene and chrysenc aré mn
good accordance with the conclusions to be drawn from the reviewed
cxperiments using warm-blooded amimals This means that the nest
test 1s able to distinguish the non-carcinogenic phenanthrene, anthra-
cene and triphenylene from the closely related weak carcinogens
penz[a)anthracene and chrysene The sharp distmction 1s & nittle
blurred by one or two positive reactions to anthracene at 05 per cent
and By the possible actisity of triphenylenc at the same concentration
These findings may cxpress that the speaifieity of the newt test 1s
decreasing at gher strengths of the test solutions, or that anthracene
and triphenylene are not absolutely non-carcinogemic The fatter inder-
pretation 18 supporied by the results of Druchrey & Schmahl (1935} on
anthracene, and finds no absolute contradiction i the admttedly
t also nsufficient testing of triphenylene 1n mammals

15 presented by 1,2, 4-trimethy Iphenanthrene
also, different

negatine, bu

Another discrepancy
which had no effect on the epdermis of the newt Here,
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n Coreinogent

2 1
.
3 Methylcholanthrene
70 a psrene ;
Saya | T avabean ol rea in peanut oil
besn o -
ol . by
0m7, | D14 | 024, | 03 00,0y 0z¢, .
Tail Tant
1 3 ] 8 8 16 B 8 8 8

+
—-— + - o+
_ - - (SN - - ++ + Tt
- — =)+ -0 - + o+
_ — £ +— T ++ - + 4 T
= _ -+ T =4 b+ -+ ++
0 o 1 0 2 0 1 2 1 )
Gncluded) (lin on tin tmn
cluded) cluded) cluded) cluded)

‘ome extent follows the caremogenicify of the compound and alse the
toncentration of the test solution

Some supplementary experiments on the specifieity of the newt test
will be publishad later

SUMMARY

Some non caremogenie and weak earcinogenic hydrocarhons have
becn tested o Triton erstatus Phenanthrene and, with a few excep~
tions, anthracene and triphenylene gave no epithehal response, while
chrysene and benzialanthracene wmduced a positine reaction, estimated
s weak or medcrate according 1o the incidence In dwagreemnent with
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F tperiments with Varying Concent

I xperiment No 2
Benzo a pyrene 3 VlethyIcholanthren: Dibenz ah
R o e hyjetebnene | DA
oil
o1°, I 02, 03, 01, | 02, I 053¢ | 01 | !
Site of
\pplieation | Taul
Number of
Animals 5 5 5
(Triton eristatus) 5 ’ § i
Sex a9 &¢ a9 39 ase¢ 29 59 829
Fpidermal
reaction on
35 dm - — +) +)
6 7 da —
8-10 da _ +
12 13 dmy —
— + o+ - — + +
14 15 day - ot £ ¥+ . n [ +F 1+
+
18 19 dav * ] * +
Animal died
during expertm 3 3 2 4 2 3 1 0
(21n- (n (n- (21 (2mn-
(luded) cluded) cluded) cluded) cluded) ¢

 Sec also Tablc 4 N\o 32 and No 33

§

As far as anthracene, benz(a]anthracence and chrysene
are m accordance With those of Neuhomm (1957) Still, the
ammals n the present cxpermments has made 1t
e a quintitatnne difference 10 response 10 We,

arcinogens like that scen m mammals
est has shown such

the results
larger number of

possible to demonstrat

and strong ¢

The conclusion to be drawn 15 that the newt t
¢ action of polyexchic hydrocarbons that at may he
est for the caremogentety of such com-
the results obtained by potent and weak car-
rce of responsc to

spccn[lcnl) as to thi
considered a use
pounds
cinogens proy 1l

ful screenng t

Furthermore,
¢ suggestne evidence thal the deg

$ Minimal signs of the injected oil

are concerned

ah
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reviewed results in mammals was the negatie renchion o 124tn
methylphenanthrene and the positise response to 3,6 dimethyl benz[a}
anthracene The results, including some quantitatine experiments are
discussed, and 1t 1s prehmunanly concluded that the newt test has
shown sufficient specificity to be used as a quick test for carcinogent
city, at least of polycyche hydrocarbons
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FROM THE INSTITUTE FOR GENERAL 1ND F\PERIMFNTAI PATHOLOGY,
THE UNDVERSITY OF 0510 AORWAY
—

KINETICS OF EPIDERMAL CELL POPULATION OF THE
HAIRLESS MOUSE

By
Yy 1ND BRI £GOLSTAD
Recened 16 62

The epderms of hairless mice conswts principally of one basal cell
layer, a small sarying amount of differentiating cells, and externally a
horny layer (1) In studies of eprdermal cell proliferation it 15 necessary
10 distinguish between the dividing process going on among the basal
cells and the maturing process (heratimization) gong on 1n the differ-
entiatimg cells Thus the term “turnover ime” cannot satisfactonly be
applied to the epidermus as a whole We can, hosever, speak of a “mean
generition time® for the hasa! cclls exclusiely, namely the average
fime peried elapsing hetween teo subsequent mitoses 1 the same cell
The notion “turnover fame” ma} he applied to the differentiating cells,
wiicating the time period elapsing from the formation of thiferentiat-
10g cell until 1t looses its nucleus and 1s transformed to “heratin”

At our snshitute we have found reason to believe that in the hairless
wouse the “mean generabion time” of the basal cells 35 about 5 days,
and the “turnover time” of the differentiating ¢ells around 8 days The
“turnover ime™ of the horny 1ayer 1s estimated at 1 3 days (1)

To ascertam, if possible, these statements, the extent and the time
course of the cell toss from the ¢pudermal surface after labelling epider-
mal cells once with inbiated thymdine has been studied If H-thyma-
1ne 15 tnjected into an amimal, this suhstanee 1s exclusively taken up by
the cells which are engaged in DNA-synthesis at the short time interval
when thymudine 15 available 1 the blood Therefore, 1n the epidermis
only some hasal cells will be labetled After the first mitosis of a labelled

<1}, cach of the two daughter cells contains half of the label Theoretie.
Wiy ate of these ~~" ?

remains a basal o
label femaws w t

«nhating eells Tt sevangy, st ity ol the tntium should remain
" a constant value until the first differentiating cells and the horny

The author is indepled to \atinal Instilute of I
2k Bethesda US4 who pro.
*ided the speclrometer and to prcfessor dr med L i
med L £
s he speclyoimeter ed Larents Fldjarn who put the
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The epidermis of haitless mice consists prineipally of one basal cell
Yayer, a small varying amonnt of differentiating cells, and externally a
horny layer (1) In studies of eprdermal cell prohiferation at 1s necessary
to distinguish between the dividing process gong on among the basal
cells and the maturing process (keratimzation) gong on n the differ-
entrating cells Thus the term “turnover fime” cannot satisfactonily be
appiied to the eprdermus as a whole We can, however, speah of a “mean
generation time” for the basal cells exclusively, namely the average
e pertod elapsing hetwecn two subsequent mitoses 1n the same cell
The notion “turnover time™ may be apphied to the differentiating cells,
indicaung the time period elapsing from the formation of differentiat-
ing cell untl 1t looses ats nucleus and 15 transformed to “heratin®

At our mstitute we hase found reasen to believe that i the harrless
mouse the * mean generation time™ of the basal cells 1s about 5 days,
and the "turnover time” of the differentiating eells around 3 days The
“turnover time” of the horny layer 1s estimated at 1 3 days (1)

To ascertain, 1f possible, these statements, the extent and the time
course of the cell loss from the epidermal sucface after labelling epider-
mal cells once with tritiated thymidine has been studied 1f H-thymud-
e mjeeted mto an amimal, this substance 15 exclusivels taken np by
the eclls which are engaged 1 DNA-synthesis at the short time mterval
hen thymidine 15 available n the blood Therefore, 1n the ¢
onlv some hasal cells will be labelled Aftor tha frrct m tac o ~e
cell each of the two daug .

U gme af Hrese colls b
Tmams a basal eell When au ine labelled cells have divided, half of the
label remains 1n the hasal layer, the other half 1s deposited i the differ-
tntiating cells Theoretically, the neinaty of the tritum should reman
At a constant value until the first differentiating cells and the horny

mdernns

The author 13 1ndey

Tiedd to National Institat, f Health Bethesda L
Vded the ectander ¢ e of Health Bethesda LS4 who pro
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Leyer produced by the latter have past the “turnover tme” At that tune
the acticity can po expeeted to decrease to about 50 per eent of the
bian actiaty, e g when aif cells of the “first gencration™ hmve pasved
through the maturing process For the subsequent time penod te actn
1ty should again be conslant until the label whieh remun mn the hsa
cells (50 per ceat) has been further halved and the new differenhating
cells of the “second generation "haye passed their “ turnover tine”
When all the Iatter are shed, the actnaty should be 1bout 25 per cent
of the imfial value The reservation must he made, however, that this
cannat he observed if the “mean generation time” of the hesal eclls b
sery different from the total “tucnos er {tme” of the differentiating cells
and the horny layer combmed (1)

In practice, howeser, one cannot cxpeet to abserve a regular, steplshe
cune as mentioned above Brologieal 1ariations and methodological
errors wiii tend to smooth out the steps The actinaty can be expeeted
to follow a curte characlerized by a shght fal) the fired days, and then
the curve may decrease cxponentially  Plotted on a sennlogarithmie
scale, the latter part of the curve wil) then become a straight hine whese
steepness 15 a function of the lenght of the “mcan generation tme’ of
the basal cell 1ayer

For the purpose of ex inumng the total radioactinaty m the eprderms
1 necessary to separate the epdermis from the rest of the shin with
a method that gives a specunen of almost pure epdermis, and does not
diute the actinafy We have found the Castroviejo keratotome ver)
useful for thns purpose Using this method we succeeded 1n separating
thin, even shees of eptdermss from the rest of the shin Microscopic
examunation showed that very hitle of the conium adhered to the picees
of epidermus, and very fow cells from epudermis remmned n the conum

Atter weghung the epidermal speeanens, they were homogenszed with
1 mi 1 A\l methapolie solution of Hyamune in thughtly capped vials and
placcd wm a thermostate for 16 hours at %5° C After dissolung, 11 mi
seintillation solution was added to the samples and these were cooleit
{o the femperature of the Pakard Tri-Carb Spectrometer counting
chamber (—10° C) Tritrum was later counfed at about 1150 volt and
window scthing 10 50 volt The reliabtlity of this method has heen
cheched and found satisfactory The tota) radigactintiy per mg eprders
mus the first ten dags after injection of 50 pe H-thymdine antrapen-
toneally to each mousc has been merurcd Tabk 1 ind Figures 1 and 2
donoenstrate the results

We suppose that the steep fall of the cume (g 1) from the third
10 the sxth day represent the period when cdlls from the “first genera
won” after Inbelling pass thewrr “turnover ttme  and are shed The
average “turnover tune” of the differentiating cells meluding the horny
\ayer, when the DN A-synthesizing time, premitolic and mitotic phase
;“‘.Q subtracted, can he sct to about 4 diys

From the steepness of the last part of the curve plotied on the semi-
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TABLE 1 oneat
d te Intraperifonea
e Min per ing the First Ten Dags after one Sing
tean Cound per P mpection of 50 se HI-Thymudine

Days from 0
mieetion 173 1 23 4 5 6 7 8 9 16
o of mice % 6 16 2 1§ 16 18 16 16 1% 3

t
Brl:::ny::‘:xl’" 239 58 1916 1829 1465 1315 1000 1017 839 698 681

SD of the mean 70 61 68 101 10D 97 1t 84 76 74 49

z
° z

Z
%120 w3
3T 3

H
£ - £
< 505
& 100 N z
H 25
e ¥
F 5
S 20 &

B1 2 3 45 6 78 910
Days from mnpection of H® -thymidine
Fg 1
Tolal radisactsty of epidermis the first ten days after one smgle nrapentoneal
injection of 50 s¢ H3 thymidine Dotted area 2 SD of the mean

2
o F
£ s
N L
5
2 =
200 5 1303
E'II.O S
&
100 0
.
§ 60 5
3 25 N
' 23 4 56 7 8 810
Days from mpection of H ~thyrmidine
’ Fig 2
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logaritmic paper, Fig 2, (least squares method), the “mean generation
time™ of the basal cells can be caleulated fo cover about 5 days

The present Fesults thus gise a slrong support to the presious cal-
culations (1) which were based on studies of mutotic counts and mutotsc
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layer produced by the latter have past the “turnover time” At that time
the activity can be expected to decrease to about 50 per cent of the -
han actinity, e g when all cells of the “first gencration” have passed
through the maturing process For the subsequent time period the activ-
ity should again be consiant until the Iabel which remam in the basal
cells (50 per cent) has been further halved and the new differentrating
cells of the “second generation “have passed therr “turnover time’
When all the latter are shed, the actinity should be about 25 per cent
of the mmtial value The resersation must be made, however, that thiy
cannol be observed if the “mean generation time” of the basal cells 15
very different from the total *turnover frme” of the differentiating cells
and the horny layer combined (1)

In practice, however, one cannot expect to observe a regular, steplihe
curve as mentioned above Biological variations and methodologieal
errors will tend to smooth out the steps The actinty can be expected
to follow a curve characterized by a shght fall the first days, and then
the curve may decrease exponentially Plotted on a semulogarithmie
scale, the latter part of the curve will then hecome a straight lme whose
steepness 1s a function of the lenght of the “mean generation time” of
the hasal cell layer

For the purpose of examining the total radioactnnaty in the epdermts
it 15 neeessary to separate the epidermis from the rest of the shin with
a method that gives a specimen of almost pure epidermis, and does not
dilute the actinity We have found the Castroviejo heratotome very
useful for this purpose Using this method we succeeded 1n separaling
thin, even shices of epidermis from the rest of the skin Microscopienl
cxamination showed that very hitle of the cormum adhered to the preces
of epadermis, and very few cells from eprdernus remained mn the corum

After weighing the epidermal specimens, they were homogemzed with
1 ml 1 M methanolic solution of Hyamne in thightly capped vals and
placed 1n a thermostate for 16 hours at 55° C After dissolvng, 13 ml
semtillation solution was added to the samples and these were cooled
o the temperature of the Pakard Tri-Carb Spectrometer counting
chamber (—10° C) Tntum was later counted at about 1150 volt and
window sctting 10-50 solt The reliability of this method has heen
cheched and found satisfactory The total radioactivity per mg epider
mus the first ten days after injection of 50 pe H3-thymdine mtr'!p(‘rl‘;
toncally o each mouse has been measured Table 1 and Figures 1 and 2
demonstrate the results

We suppose that the steep fall of the cune (Fig 1) from the third

to the sixth day represent the period when cdlls from the “first genera-
tion” after labelling pass therr “turnover time and are shed The
average “turnover time” of the differentiating cells including the horny
laser, when the DNA-synthesizing time, prenitotic and mutotic phase

btracted, can he set to about 4 days
nr;‘::)lm the steepness of the last part of the curve plotted on the semi-
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<ulations (1) which us gne a strong support to the previous cal
ch were based on studies of mitotic counts and mitotie
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rates  Analogous results have been reported from studies on cell pro
Iiferation in bone marrow cells and m intestinal epithehium by Steel (2)

SUMMARY

‘The DNA synthesizing cells of the epmdermtis 1in hurless mice were
labelled with tritiated thymidine The decrease of the radionctiaty of
the ¢prdermas the followng ten days was measured by a Liquid Sen
till ithion Counter I rom the results obtamned the “mean generation time
of the hasal cedls was found to be about 5 dys, and the * turn over ime
of the differentiating cells and horny Iayer to be about 4 days These
1esults give 2 strong support to previous calculations which were based
on studics of mitotie counts and mutotic rates
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A SPECIFIC, HISTOLOGICAL FLUORESCENCE
STAIN FOR MUCOID SUBSTANCES WITH CONTENTS
OF ACID MUCOPOLYSACCHARIDES

By
Jakos Visrrror
Recened 153162

Research work 1n recent years has introduced the more general use
of fluorescence microscopy 1n Toutme work sn histological laboratories
Interest has heen focussed on the acridine orange stamn which 1s used
m sereening of smears for tumour cells To ncreasing degrees the more
specific fluorescence stams are used 1n the field of tissue diagnostic,
mcluding also the speeial bacteriological stains Using aeridine orange,
fhrorescence 1s obtained mostly of nucleic acids and of acid mucopoly-
sacchandes The asvailable teratere on the nucleic acid stam 1s rather
edensne whereis the acid Mmucopolysaccharide statn has been de-
seribed less frequently, probabls because the fluorescence here ob-
taned 15 less marked

In 1908 Hicks & Malthaer (3)—purely accidentally
track of 1 new method by which mucoid substances
with acrnidine orange a
mithod was Further tre:

—were led on the
became stamable
section already staned by the Vasson trichrome
ated with acridine orange, on examination with
ant fluorescence of the mucin mn the epithehum
ure was analyzed and jron hacmatoxyhin was
ent 1 the Vaseon method whuch was responsible
erimental series showed that other rron.
2 fluoreseence selectn e for muem, oth
tuce shight fluorescence only. f at all

W noted This feat
found to he the reag:
for the reaction | Xt
solutions also induce
pplied mordants 1nd

~conlaining
er generally

are PAS posttine, but accard,
sent in the aerd mucopolysacehandes Aleral
by eg Esketund (2) 15 combined with a
stains end mucopolysaccharides

for a short time 2 pale bluish col,
tuned, but there 1s a certain stagn,

nblue stuning, as deserbed
nuclear staning Aleianblue
W used clectively on frozen sections
our of the mucoid substances 15 ob-
g of other tissue components Hence,
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at method scems to be required by which mucoid substances are readils
stained selectively and therefore an attempt was made to modify the
fluorescence method so as to mahe 1t applicable n the routine as 1
process by which frozen sections could he quiekly staned

METHQODS

The following technique has been suggested by Hicks & Matthaer for the staming
of mucin and certain mucord substances 1n tissue sechions
Tormalin fixation paraffin sections (or frozen sections)

1 DBring se¢tions to water

Treat for 5 to 10 minutes by a 4 par cent sofutian of ferrte alum
Iunse briefly in tap water

Stain for 2 minutes by an 01 per cent solution of acridihe orange
Rinse briefly 1n tap water

Mount with glycertne

Fxamination with ultraviolet light using a vellow evepicce filler
The fluoreseence will modify the mstabihity being less marhed after
trcatment by ferric alum than after treatment by other iron con
taiming <olutions

The authors hate examined various types of tissues and demonstrated a speaific
fluorcscence of mucoid substances of different origins Hence the aulhors conclude !
that the acid mucopolysaccharides were responsible for the positine reaction

The following equipment has been used in the present study a leitz Dislux
muicrgscope with proportionate fluorescence cquipment the source of haht bemt a
Philip s mercury lamp €S 150 W with heat filter and a BG 12 filter by which ultra
violet bluc Light 15 obtained Copper sulphate Solution was not introduced for the
absorption of light from the red end of the spectrum as 3t was found to provide ao
noticeable effect A yellow evebiece filter OG 1 was used

A sertes of staining processes were carried out according to the method suggested
by Hicks & Matthaei 1n all essentials the resulis obtamed confe rmed with the
findings by these authors Upon treatment by forrie alum all of the nuclear fluores
cence of the acridine orange disappeared the positine substances fluorescing 2
beilliant red Outlines were visible but anly few details

In cxperimental series it was attempted to modafs the fluorescence method <o 8¢
to make 1t apphicable as a methad by which frozen sections might e quickh stained
The attempt proved successful using the technique to he deseribed later

Ry

RESTLTS
The fluorescence obsersable i the tissue sections may be schemat
1zed as follows
Fluores
Tissue Tissite component cence
Gastro ntestinal tract goblet cells +4++
surface cpithelium and glands -
Mucoid intestinal carcinoma mucoid substances +4t
\amma epithelium and glands -
Fabro adenomatosis of the breast epithelium «f the (ysts (+‘:+
Vlucoid carcinoma of the hreast mucold substances +
Seeretors phase of endometrium epithelium of the glands (+)+
Uterine cerk sutface epithelum and glnmhl ++
1 uterie cLryIx surface emithebum and epithehum
Pelbipn of the glands and evsts i
\tucmous ¢+ stadenama of ovary epithehum of the cvsts +++
Parotis epithehum of the plamds
\[nx 4 tumonr of the parotid gland  ground substance + +*
N :] ground suhstanec ++4
Lartilage ground substance +++

Qsteochondrosarcoma
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In the gastro intestinal tract goblet cells are seen to fluorescence
strongly, surface epithelum and glands, meluding the duodenal Brun-
ner’s glands, emit no fluoresecnce, 1n the colon a positine layer of
mueus 1s not nfrequently seen on the surface cpithehum In highly
dilated goblet cells the fluorescence will be least pronounced centrally
wn the cells, probably heeause the mucin here has heen elmunated dur-
ng preparabion, indeed, 1t may be ascribable to vanations in the
chemical composition of the mucin centrally and penipherally in the
cell A strong, posthine reaction 1s given by mucord, intestinal caremo-
mata Reactions are ncgaline of normal glands of the hreast, i fibro-
adenomatosis the epithclum of the cyst becomes fantly staned, the
mucord substances 1n carcinomata of the breast gne strong fluores-
cence During the scerctory stage the glandular epithelium of the endo-
metrium may become famtly stained, the secretion m the lumen of the
glands 1s seen to et a stronger fluorescence In the ntirmme cervix
the sceretion matter as wcll as the glnds and the surface emthelim
arc sten to grve A strong, positive reaction The same 1s notad i polyps
m the uterme cervix and 1 Mucinous ¢)stadenomata of the ovary
The parotid gland gives negatne reaclion Some of the mixed tumours
m the parotid gland contawn large areas i which reactions of the
ground substance are posstine Carhilaginous ground substance and
the ground substance 1n osteochondrosarcomata give positive reactions

Using eirommum reagents I have tried to obtain a stmilar quenching
of the acridine orange fluorescence of tissue components confamming
nucleic actd, on the consideration that chromuum and ferric reagents
have sevcral chemical properties m common Reactions obtanable by
chromum were small, however, and the medmm must he considered
nadequate for the purpose

On the hasts of cyperimental series the fluorescence method has

been modified to be a fast method for the staining of fresh, non-fixed,
frozen sections

(1) Treat for 30 sceonds by a 10 per cent solution of ferric alum
12) Rinse briefly n tap water

(3) Stain for 60 seconds by a 0 1 per cent solution of acridine orange
(4} Rinse briefly n tap water
(8) Mount immediately with glscerine

Upon preparation speenmens must e ¢
ultraviolet hight since fluorescence s

degred this feature, howaver, s rather immaterial here, the purpase
being to obtain a method for {frozen sections to be «xamined 1immed.
Al The stauming antersals recorded aboye should be taken as mymi-
mums {hey cannot be further reduced but,

tume pe
prove an advantage to use longcr staiming interyals permitting, 1t may

xamined without delay with
oon will he fading to a certain

26 actarsTn 57 4
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DISCUSSION

Previous myestigators have classified mucopolysacchardes accord
g to diffcrent patterns Mucopolysaccharides are protens contuning
a prosthetic group built up by nitrogenous heteropolysacchandes (1)
which constitule a conswderable part of the molecule, generally more
than 3 per cent Mucopolysaccharides are divided into two groups the
actd and the neutral ones, the former being lughly lahle are isolated
only with difficulty, the latter presenting sohd linhage between the
proten and the prosthetic group Using spectral curves from fluor-
escence stamned substrates Kugper (4) was successful 1dentifymg
the various mucopolystccharides This author preferred coriphosphie
to acridine orange finding the colour differences of the various sub
stances to be more distinet after treatment with the former

Acid mucopolysacchandes are assumed to be responsible for the
fluorescence m the Hichs and Malthaer stam and thus theory hns been
substantiated by Kuyper's findings (4) as well as by the components
observed m the treated tissues Besides, sinee acid mucolml}sncch’mdcs
are very labile 1n the presence of alkaline a number of control scctions
were treated prior to staining using S P L. Sorensen’s phosphale buf
fer, pH 8 6, followed by rinsing i tap water ,the result of wluch was a
blurring or a considerable reduction of the fluorescence

For diagnostic purposes tumour cells are generally stawned by an
0 01 per cent acridine orange solution Cells would hecome overstuned
tf an 0 1 per cent solution were used In the staming process of mucod
substances a treatment by iron operates to mhibit the normally pro-
duced acridine orange fluorescence i almost all of the tissue com-
ponents with the exception of mucin and cerlain muceid substanees,
the normal fluorescence of whieh 1s intcnsified at the gh concentr
tion of dye Treatment by 1ron-contumng substances with a view fo
inhibiting undesired fluorescence has more recently been successfully
exploited 1 other specific fluorescence siumng processes, ¢§ by
Vassar & Culling (6,7)

Staming accordmng to the method suggested by Iicks & Valthaet
has been used for paraffine scetions and frozen sections of fresh or
formalin fixed tissues Results were found to be superior if frozen sec-

of fresh or formahin fixed tissue were used The fluorcseence

tions
cven, the reason why

obtamcd n paraffine sections mght be rather un
Dbeng obscure the elumnation of the acid mucopolysaccharides m the
play a certamn réle but chemic:l changes of the acid

many baths may
the baths or in the warm paraffine cannot be

mucopolysaccharides m
precluded
CONCLUSION

amn for mucoid substances as described by Hichs

greatest, theoretical intercst but m the field of
lly transmitted lhight mansy valuable stuns are

The fluorescence st
& Matthaet 15 of the
microscopy by norma
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avallable for the same substances and 1t ean hardly be doubted that
the latier will have preference in practical routine work, mostls hecause
the fl 1s prone to d But, a method by which frozen
sections can be quickly stamed 1s an urgent demand With a view to
meeting such demand the present paper presents 2 modification of
the fluorescence method Drawbachs mmvolied 1n the flworescence
technique are but small alwass provided that the equipment 1s per-
mapently established 11t connection with the generally nsed microscope

SUMMARY

Hicks & Vafthaet used acridine orange for the stamng of mucoid
substances considering 1t a speaific histological stun in which the
fluorescence of components containing nucleic acids was quenched by
treatment with fe?ric alum On the basis of personal studies this method
15 discussed 1n the present paper The fluorescence obtammed n the
arieus tissues 1s described and the theory that acid mucopoly srechar
1des mav be responsible for the fluorescence 1s strongly substantiated
Witk a view to covening the demand for 2 quick staining method ap-
plicable to mucoid substances 1n frozen sections the author has intro-
duced 2 modification of the fluorescence method
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ELECTRON-MICROSCOPIC APPEARANCE OF THE
MYOMETRIUM OI' CERVIX UTERI IN CASTRATED
GUINEA PIGS TREATED WITH SEX HORMONES

By

O H Iirrsen and H I CHRISTENSFY
Receryed 55162

In a previous pubhication Iversen (6) descrbed the Tustologic and
histochemical changes tn the mterstiial connective hissue of the myo
metrium m castrated gumea pigs after treatment with oestrogen and
androgen hormones It was concluded that the amount of collngen w1s
nereased following oestrogen and androgen admimistration, and at the
same time a wideming of the nterstitia between the muscle cells was
found The latter phenomenon was possibly duce fo an mereased amount
of ground substance

The present clectron-microscopie miyestigations are
nuation of the above mentioned studies as an attempt to confirm the
stalements at the ultrastructural Icvel Only the changes secn in the
myometnium of the cervin uter are described i this paper

a direct conlt

MATERIAI AND MFTHODS

Young female guinea pigs weighing 600 700 gras werc employed
The animals were divided 1 b groups
Group 1 Untreated normal animals

Group 2 Quphorectomized control animals

Group & Qophorectomuized amimals treated wath 0 25 mes oestradiol Aipropronalt
(Diprovex 1eo® intramuscularly ) every second dav Total number of
injections 4

Group 4 Oophorectomized ammals treated with 05 mg of aestradiol dipropronale
(Diprovex I co® imtramusenlarly) dauly for 14 davs

Group 5 Ocphorectormzed animals trcated with 05 mg of testosterone Pro

pronate evers second day Total number of injections 4

perstoneal Nambutal B (Abott) anaesthesia
<tirpation of the ovaries

mhalatien The hormonetreated obes were
mmediatedy after the death of the animal
- mall tissuc blocks measuring about 1 emut
were ent from the m)y ometrium of the cersix with a razor blade and promptly fixed
T ap hours m buffered osmium tetrotide (10)  \fter fixation they were de

grants from the Danish League against ltheumatism an

The oophorcctomia Was done 1 1ntra

auded by d the Damsh
State Sctence Foundation
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\ asimic piuttusion  Jhe materstgtial spaces are narrow and
contsin deasely arranged collagen X 1800D

hdrated 1n acetone and embedded 1n Vestopal (12) Thin sections were cuy 3h 2
LR ultrammcrote ;o The vectiins were after staned for two hours 10 05 per cent
urans) aretste Eor the electron mieroscop) a RCA (FMU 2E) electron micrpsenpe
way use

The . .
from 1.

m m .
e

RFSULTS
in cvaluaung the findings ohtamed by electron-microsiopy of the
mvometriom of the cetvit wlers from gwnea pifs gven the above-
mentioned treatment in the fune groups 1t seetns difficult to deerde,
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Cr up 1—1 mal an mal The intcr ell lar space | tween ty o muscle cclls 15 pache!
witl den ¢ lagen in a seanty matrx or gr nl ul ta ¢ Tle vac les Just
ben atl tle cell arface fthe mt cle ccll yepresentel a ¢ mm n fnlng
(comyparc F1g 1) X 18000

whether a grien change was due to the treatment or for instance 2
deviation from the normal stite Therefore only the changes found m
niore thn one series of sections are mentioned or ilustrited as repre
sentative for the rosyectine group The results were s follows

Group 1 Untrealed normal quinea pigs As alrcidy known from or
dinary histologs the smooth muscle cdlls are eloscdy jached rather
narrow and clongitcd The interstitin are narrow shits with fuw nter
stitial cells and collnin if present 1s found n dense boundles By

ctron microscopy n additton 1l obsers 1tion w s thnt the surface of

cle
ting with

the muscle cells often possessed flabby | rotrusions interdipun
adjacent muscle cell across the narrow mtorstatinl spacc
he norml musecle cells with the mvofibrils runming 11
leus and the el surfiec v rather narrow zone Rather

those from an
Fig 1 shows 1
rallel to the nue
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€ oup ”—ca trated an mal The cytoplasm of the three muscular cells show atrophic

ehanges ¢ pec all 0 the zone of myof br Is The surfaces of the muscular cells are

father smooth The nterst Lium 13 hot very w de (as n groups 3 5 ¥ gs 5-8 and

10 but conta ns much collagen poss bly more Josely arranged than o group 1
(Fgs 1and2) X 40000

densely packe | collagen 1s g resent 1t the nterstitia Fig 2 allustrates
an antershiium | etween two muscle cells filled vath dense collagen

Cro p 2 Ooph rectomi €1 control ammals The general tmpression
was that the smooth muscle cells showed atrophy The myofibrils had
Rot the dist net 1y pearance noted 1n group 1 and the different zones

the cvtoplasm were not elearls sejarated Collagen was present m a
rather large amount m the ferstiia (fig 3)

Croip s Ooph rectomu ed gunen pigs treated with low estrogen dosage
The amount of collagen 1 the miershiia between the musele cells ap
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peared to have increased as compared with groups 1 and 2, and collagen
was found 1n all mnterstitia, heing spread more diffusely rather than
collected 1n dense hundles It was evident, that the mnterstiia had wid-
ened, and as the collagen fibnls scemed to be separated from cach other,
1t had to be considered whether more interfibrillar matrix was msolhved
as compared with the presious two groups This matrix may be oedema
or rather be of the character of normal ground substance Fig 4 illu-
strates the condition 1 an anmmal from this group Portions of two
ttershitial cells are seen They contain large mitochondnes and also a
A rather well developed ergastoplasm In addition an inclusion body 1s
seeni 1n one of the cells, this may be sdentical with a small hurloff body
{2), admittedly produced m castrated gmnen mgs afler a estrogen ad-
mmstration, and occasionally wisihle by hght microscopy in PAS-
stained preparations Fig 3 illustrates the rather loose arrangement
of the collagen in the waduned interstibam

Group 4 Qophoreclomuzed guinea pigs treated with fagh oestrogen do-
sage This was the group of amimals, which showed the most pro-
nounced changes from the normal picture Wavy bundles of colligen
were present in large amounts The nterstitia had widened consider
ably The muscle eclls showed vacuolatton and loss of structure The
nucle: were large and less osmuophilic than normally, often they had a
‘esieular appearance (figs 6 and 7)

Group 5 Qophorectonuzed guinea pigs trealed wilh androgen After
ireatment with testoteron propionate an increase of collagen was scen
This was 1 quantity and type of arrangement midway between the
findings in ocstrogen treated and normal amimals mgs. 8-10) In ad-
dition inclusion hodies were found 1n some muscle cells (figs 9 and
10), these were different from the inclusions of kurloff hody t3pe, al
though these also may be produced n castrated guinea pigs by means

of androgen substance In Fig 9 the inclusion hody 15 attached to the
periphery of a mitochondrion

- Figs 4 5
9 3 Group 3—oestri gen treated castrated an
umal Lppermost 1s a portion of
!l]nnnlh muscle cell with nucleus double nuclear membrane narros n(o‘
Plasmic zone and cell surface Then follows the wide interstitial space con
famng o ]::,:e.:r:nd travercod by to mterstitral cefls The colfagen shows
Perodicity or 4 anwersally cut it appears ring shaped and the mdn ids a1
granular of fibt
loped crgastopls
00

Fig 5 Cra w2
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DISCUSSION

The effects of ocstrogen hormones on the mammalin uterus hae
been deseribed by several investigators Reynnlds (9) summ rized these
to be hy peracmiy, water rctention, mcreased cell volumina and general
metabolic changes Leathiem & Wolf (8) mnestigated the effect of one
single dose of 8§ mikrograms ocstrogen on immature gumnea pg ulert
and ohserved an ncrease of the weight to the double value Velardo
(11} reported the weight-increasig effect of different estrogen sub-
stances, findmg costradiol to be the most powerful The quantitabine
data showed correspondance as regards wel and dry weights percentase
of water and nttrogcn content Testosteron mduced changes were
furthermore studied, and doses of 2-5 mg for 3 davs did result m the
same weight increase as 0,10 mg oestrachol 17 8 Frieden, Steele & Tel
for (3) observed an ncreased synthesis of collagen mn the uterus fol~
lowing oestrogen stimulation The time relation hetween ocstrogen ads
mumistrafion and collagen amount 1 uter: of 1mmature rats was m
sestigated by Hurley & Heermann (5) After one single mtrapertonell
mnjection of 0,1 nuerogram ocstrachol no increasc of collagen was no
ticed after 24 hours, but after three days the weight had wncreased four
fimes and the collagen inercased to the double Mo changes were found
m sheletal and heart muscles

Harkness, Harkness & Moralee (4) found a collngen increase mn uter
from castrated rats after oestrogen treatment on the basis of hydroxi-
prohine determuinations But the increase was of relatively late occur-
cnee and quanttatively nueh less pronounced than the growth of the
uterus as a whole (weight, N-content), so that the concentration of
collagen indeed was decreased No difference m types of reaction was
found between the cervix nd the uterine horns

Iversen (6) using hustocliermeal methods found evidence for mobili-
zation of the ground substance and increased collagen content m the
uten of castracted female gmnea migs after ocstrogen as well as an-
drogen trextment The present electron-mreroscopic myestigniions also
pont to a dcfinite merease of collagen mn the myometrim of cervixutent
n oophortetomized gminea prgs following oestrogen admimistration At
the same time a structural change mn the appearance of the collagen
was nohietd, so that the collagen fibrils are more diffusely spread and
morc sepirated from each other, which arrangement 1s 1n contrast to

Figs 67
Fig 6 Group 4—animal treated heavaly with oestrogen Wasy hundles of collagen
are seen to run In all dircctions Large vacuoles are present in evtoplasmie
cell protrusions The nucleus 1n the upper right corner 1s somewhat yesicular
X 27500
Group d—anima
rich 1n collagen an
appearance X 1850

paces are

1 treated heavily wath oestrogen The interstitial s o
ufiy

rig 7 45n interfibrillar maters, which 1s some places is of ¥
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Fips 8 10
Fig 8 Group 5—testosteron treated castrated amimal The interstitial space be-
tween tno muscle eells contain collagen of rather lonse arrangement and 2
eonniderable amount of interfibnillar matrit X 18000
Fig 9 Group 5~ lestosteron treated castrated ammal An inclusion hods situated
on the outer membrane of a mitochondrion 1o addition to vacuolizalion are
seen \n interstitial space of the same character as the one in Fig 8 «¢
parates these cellular constituents from the muscle cell in the upper right
corner X 18000
Fig 10 Group S—testosteron treated castrated ammal The interstitium 13 stmilar
10 the one 10 Fig 8 but 1n addition portions of interstitial cells are present
Within the smonth muscle cell helow an inclusion body 1s seen X 18000

the findings of the speradic dense bundles of collagen n the normal
ammals This change m structure after oestrogen stimulation may be
due to new formation of collagen and simultancously ncreased pro-
duction of interstitial ground substance or simply tissue otdema These
phenomena may explun the mereased widths of the interstitia hetween
the musele cells The findings of Jarge interstiial cells with well-deve-
loped ergastoplasm (figs 4 and §) are 1 accordance with the assumyp-
tton of an increased synihesis of the mucoproteins, mucopolysaccha-
ndes and fibrls of that particular connective tissue Seme of thest
cells undoubtedly are fibroblasts However, others may be part of the
until now unesplaned reaction seen i the reticular hissue of gmnea
Pigs after oestrogen treatment preceding the formation of Kurloff
bodies (2)

Asads, Dougherty & Cochran (1) 1 electron pueroscopic mveshiga-
bons of loose subcutancous connective tissue found that polymerized
ground substanee by virtue of 1ts property of macro-moleeutes appeared
granulated Although we sometimes, especrally m the animals treated
with heavy doses of oestrogen, found “cloudy” masses between the
tollagen bundles, our experiments do not show anything defimtely
about the state of polymenization of the ground substance

The t with androg bst scems to have a similar ef-
fect on the uter1 of the oophorectomized guinea pigs as the oestrogen
trealment, hut the changes are less pronounced This 1s especially seen
0 the mnercase of the interstihal spaces—an ohsersation which 1s m
jl_cconhncc with previous histochemieal i csbigations by fversen (6)

he appearince of the collagen arrangement is as i ihe oestrogen-

treated animals, hut auantitatnely the total 2o

ol of collag
lesser whagen seerms

\‘(“)ur expeniments are in accordance with the above mentioned mye-

"I,,'llluns of Harkness «t al with regard to an inercase m the absolute

h:;;::lx.:ho[‘ :lull \gc[xlx duning hormonal treatment But m addipon we
at the collagen hecomes arranged 1n 2 mory

frameworh an broader intersty| ) ot of ared

11 with increas:
substance (andor oedema) ed amount of ground
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Hence, although we have 2 lower concentration of collagen per square
umt the much inereased width of the interstitin explans that the total
amount of collagen 15 increased

Furthermore we found signs of increased synthetic activity m mam
mterstitial cells namely the higher degree of orgamzation of the evle
plasm which findings mayv be the cellular substrate for the changes
the interstitin

SUNMMARY

The connective tissue changes in the myometrsum of cervix uterrm
oophorectonuized guinca mgs after treatment with ocstrogen and n
drogen hormones have been mvestigated by electron microscopt The
man findings were that hormonal treatment causes nerease 1n the
total amount of collagen, partly due to « much increascd width of the
interstitia betw een he muscle cells At the same time the structural ar
rangement of coliagen was altered the fibrils heing more separated
from cach other Iying 1n 1 more abundant matrix or ground substance
The nterstitial eells also showed signs of mcrensed svnthetic activiby
Treatment with ocstrogen hormone gase the most pronounced cffect
The findings are discussed 1n relation to other previous works on the
subject
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LIGHT- AND ELECTRON-MICROSCOPIC INVESTIGATIONS
OF THE UTERINE CONNECTIVE TISSUE
IN PREGNANT GUINEA PIGS

By
H hierses and H E CHRISTEASES
ot Recened 5x162

The changes occurrning 1n the uternts during pregnanc) as seen by
ordnary Tustological methods are fairly well known This is espeaially
true for the epsthehal and stromal reactions of the endometrium owing
to the large proportion, which this tissue constitutes of the samples n
surgseal pathology Less ofien the myometrium and uterme connective
fissue i pregnancy have been the subject of morphologieal studies
heiffer 1923 (13) described the conditions of the uterine wall of lesser
mammals at term and found a relative mncrease of wntercellular sub
stance, fibrifs and capillaries Streve 1932 (23) observed hypertrophy as
well as proliferation of the smooth muscle celis th the human pregnant
vterus Aricheshy 1942 (14) found a considerable oedema of the stro-
mal tissye just prior to dehvery

Many of the new methods employed 1n connectine hissue research of
tecent years have also been used in myvestigations of that tissue 1n the
female genital organs during pregnancy Espeeally the changes in
“ater content collagen and other conncctive tissue fihnils, ground sub
Stance and cellular elements 1n the connectnve fissue of the utenne wall
bave been investigated (Harkness & Harkness (6), Vatbenco (13), Mon-
fort & Perez Tamayo (17), 1mong othes<)

The present papcr reports on a combined study comprising histo
chemucat inyveshigations by ight mucroscopy and ultrastructural studies
f ulen of young pregnant guinea pigs A correlation has been made
between qastir resulls of mochenucal, morphelogical and istochermi-
€l character and the findings reported hercin

MATFRIAL AND MFTHODS

RuInea pigs weighing 400 500 gms were coputated with maltes
108 PreEnanes was verilied by explorative laparotomy § of the<e amimals were
killed by cther inhalation sbout the midat

e of the pregnancy period, while the
Temaning 5 apimaly were Lilled jn the same way ymmediately after delvery

Aided by geants from the Danfsh Leagu. unst Rheumo:
State Senne S Tants from gie agains eumatism and the Damsh

415
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5 normal uncopulated female guinea piys of same age and weights served as
control animals

At autopsy the uterus was carefully removed n toto and small Lissue preces were
cut off with razor blades for fixation to clectron microscopy and hght microscopy
respectively The tissue was taken both from the cervix and the pregnant hora(s)
for electron microscopy 1t was cautiously endeavoured to fix only myometrium

1 ov clectron mrcroscorp tissuc blochs measuring abcut 1 cubie milltmetre imme
diately were fixed in 1 uffered osminm tetroxide (20) for 1 to 2 hours at 4° C They
were then embedded cither in n butyl metachrylate (19) or in Vestopal W (76) Thin
seetions were cut 1n a LKS ultramicrotome Some of the metachrylate embedded
sections were after stained 10 a 1 per cent solution of | hosphotungstie acid Tor 1
hour (22), while Vestop al embedded sections always were after stained 1n a 05 per
cent solution of uranyl acetate for 2 hours (22) The sections were examined 1n a
RCA EMU 2B clectron microscor ¢

For light microscop i the tissuc was fixed for 24 hours in neutral formalin ¥ per
cent and in a 4 per cent selution of lead subacetate Dehydration was done in ethanol
of successive 1nereasing concentration and xylole After embedding o paraffin sce
tions w re cut 5 micra thick,

The staining reaclions employed were

1 Formalin fured jreparations Haematoxylin eosin van Greson method Mallory s
connective tissue stain silver imj regnation for reticulin jcriodic acil Schuff reac
tion (PAS) (21) elastin staiming (5) methylgreen yvrcmn am Ubna 1 appenheim
(21) silver reaction fcr metalophil reticular ccdls (16) Hale techn que with and
without additional PAS reaction (18) aleian blue staining alone of coml 1nation
with safranin or azur A (24) and astra blue stoining (2)

2 Lead subacetate frred Toluidine blue 0 1 | er cent solution in buffer
pH 45 for 30 min Dchydration :n cthanol

In addition Histo enzymatic trcalment was used prior to stammng n order o
imprave the specificaty of the staming reactions Strep tococeal hyaturon dasts
(kindly supplied 1y 3 Faber MD The State Serum Institute Copenhagen) M\‘f

v ETS

.

1
1 Hale reactions and the rifonuclease
treated with Unna Pappenheim stain

RESULTS

By light microscopy 1t was scen that the endometrium of the corpus
utert was broader than that of the cervix This was espect Wlly the case
towards the end of the pregnancy As mentioned 1bove Inttle attention
has been paid to the epithehnl changes as ths study was particularly
1 connective tissue study It only shall be noted that the mucinous
glands of the cervix often extended to the myometrium and were filled
with secrction matersal Besides shight variations the conncetive tissue
of the endometrium exhibits the same changes s 1n the myometrim

In the pregnant ammals the myometrium was Jargely hy pertrophied
on to the control amimals The muscle cells had mcreased
{he volumes both of the nuclet and the cvtoplasm At the end of the
pregnancy period the ¢y toplasm showed 2 hcwily positive PAS rene
fion As this reaction could be mhibited by pretretment of scctmr;s
with diastase, 1t 15 indicative for the presence of glycogen in the musele
cells In comparison with the normal wmmals the mterstital h:s\;c
spaces were much increased 1n width and contuned much collagen By
the van Gieson method and Mallory s connective tissuc stun 3t w “l
visnalized, that this comes through a gradual 1ncrease of the totnl

1n comparis
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amount of colligen durmg the whole pregnancy period Fspecally
the eorpus showed this rerction jattern while the cerviy seemed to
exhibnt 2 Tesser marked ncrease of collagen 1t 1s charactenshic for the
collagen 1n the pregnant anumal to hae more loose but wide spread
arrangement In the normat anmymal the uterine collagen was found n
bundies and stre tha of firm texture and high stupabihty (Iig 1)—this
15 1n contrist to the diffuse localization observed 1n the pregnant ones
F1ig 2) Owing to the hyvpertrophy of muscle cells and of mterstifial
spaces the closeness of cells seemed lesser marhed in the pregnant than
w the normal amimals

The istochemical reactions of the ground substance present an the
intereellular and interfibrillar spaces tended to show a mobilization of
{hat substance 1n prepnancy In the endometrium the Hale reaction was
constantly [ ositive In the myometrium the interstitial spaces contamned
a2 sul stgnee showing loss pronounced Hale 3 ositnity than in the endo-
metrium byt on the ofher hand much exceeding thnt of the normal
controls which may b negatne No difference betwcen corpus and
cervie was obsersed i this respect Parallel to the increase 1 amount
thett was an increast n Hale positisity of the myometral ground
substance pust at the end of pregnancy Alcian blue and astra blue
stamings showed a rcaction pattern corres] onding to that of the Hale
reaclion but taken as a whole there was less coloration of the ground
suhstance but here also this coloration far exceeded the results ob
taned with the normal controls The ground substance did not exhibit
metachrom 1s1r with tolmdine blue or azur A with the fixations and
PHs used here unless 1n the very neighbourhood of mast cells (see
lelow) The PAS reaction was constantly 1os1tive for the ground sub
stance 1 Ahe endometrium as well s 1n the myometrum and more
fostne than in normats But the PAS positinity might be fibrilfar and
#dced it was difficult to evatuate 1f such staming arose from staming
of reticuln of voung collagen Occavonally reticulac cells with PAS
T6sitive pranules were seen hurloff hodics were found mn few cells
t4) 1speentlly towards the end of brepnancy some small vessels of the
Myometriym showed an mtima whieh was heavils PAS stuned Elgs
n stmming was constantly negatine both in endometrium and myo
Metriym

Relicuhin fibrits were seants i the normal control ammals whereas
thay were present i prent numbers n the pregnant amimals hoth in
Biliometrign ind myometrium But perhaps some silver staming as
t:l"s:)v::‘cl n:;mu n(;‘d PAS staimng might be duc to condensed ground
iy 0(:\\[.1" 3 |Il|(- end of the pregnancy the sehieuhin beeame
o rd el s ;rlwn hrownish colour and most probably in that state

th ecllagan (Fips 3 4 99

m‘:’h};nT nlgn mor‘1 fxl-r metalop 1 relicular cells showed sigaufieant
umbcr 1nd also merease 1 size of cell |
wterus (0 e af cell bods 1n the pregnant

.
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Figs 110
Fig 1 Normal control anirmal Dense and heauils stained collagen in the interstitia
between the muscle cells 3 Gieson method X 530
Fig 2 Atterm The hvpertrophic muscle cells are illustrated !X(;l\\ez-‘n‘lh'(m inter

Fig § Fourth week of pregnancy The spiral formed reticuhin as in Fig 3 15 not
scen 1n Uhis stage, nor 1s the brown staned thiek eollagen visible But some
walls of small vessels and intermuscular spaces stain a3 reticulin Heticulin
stamn X 520

Fig 5 AL term The hypertrophic muscle cells are separated by fibnllar masses
stasmng partly as reticulin and partly as collagen Relticuhin stain X 550

Normal control animal Several mast cells are shown tegether with the
closels pached muscular cells of the resting organ The mast cclls were
crowded with numerous granufes Compare Fig 7 Toluidine hlue staiming
on lead subacetate fixed specimen X 550
Atterm As in Figs 2 and 5 hypertrophic muscle cells sre present but only
the nuclei of these are seen Mast cells are enormous)d enlarged and were
surrounded by a metachromatsc halo which 15 badly visible 1o the black
white reproduction However the mast cell granules are less closely pached
than 1n the smaller mast cells shown in Fig 6 Foluidinc blue statning on
lead subacetate fived <pecimen X $50

Normal control animal As im Figs 1 3 and 6 all cell types appear smaller

than in the pregnant ammals Onhy few small metalophil reticntar cells are

present in the interstitta In addition some of the collagen bundles have
bcrn‘lmprﬂmalcd with this siher method Marshall impreenation for

Fiy

Fg 9

Fig 10« un 1w companison with Figs 8 and 9 the metalophi) reticular cells
have further ncreased 1n number and size Thes apparently have become
maore branched and are anastemosing with cach other Marshall impregna
tion for metalophil reticular cells x 220

The mast cells of the uterus were the cells, which showed the most
Psenounced changes during the course of pregnancy They were most
numerous in the intersbitial tissue of the myometrium, espeeaally n ats
outer haif, but they were also found pernvascular In the basal layers
of the endometrium they were found in smaller quantities The number
of cells 1n the middle of pregnant) was nearly as in normal controls,
but at the nd of the pregnancy a considerable tnerease 1n number \\:m'
obsenved This was especially the case in the cersax, where the mast
cells during the whele period of pregnancy exhibited the greatest num-
b2 e murghchogy of Yhe eclls changed at the same time At the be-
i,mnmg the cells were rather large and contaming numerous well-de-
‘mn\ Branults stained deeply blue-violet with azur A and toluidine blye

opectilly an lend sub et ide-fixed preparations) (Fig 6) Bat at th
end of the progaancy the mast euls are Jarger, and most of them nrz

SUT

m“mumlul by a metachrematic halo, whercas the granules are less

d“:]n'clh ~een, and 1 some cells vacuoles are found {Fig 7) These
Ky were seen hoth i the corpus and i the €erX mast cells In

0
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e cfnt;.gl:;":: on e ms metrum of ccryry
he 1nt.

arranged and less dense than i normal controls The musncllcr:-[cllllisnr::nlr:?lrct‘;.l(nmsclle

o the section show hypertrophy and vacuolization \MetachryIate embed lin )

after starning with phosphotungstic acid demonstrate clearly the collagen mﬂma N

colour It 1s scen as black dots when transversally cut X 10200 *

Llectron micrograph The distmbuts n
nter1 after 3 4 weeks of pregnancs
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1 gher magn f cat on of an area ¢ rre pond ng to Fig 1 A

El tronm rog aph ¥

part of o long tud nall cut muscle s seen n the m ddle w th nterst tial spaces

b th & des and 1o the left n add { on pa t of another muscle cell The it

% 1ural appearance of the collagen s v sual7e1 And period t may be seen

“ mate relat onsh p bet veen
some & nd of attachment
h phosphotungst c ac d

formalm frxed seet,
and astra 1ge 1y
The mast cells v

1ons some mast cells staned heavily with aleian blue
t not with saframin

ere not tol e foun 1 again after incut at on wath strep
tococea) an{ testicular hyvaluronidases and subsequent staining with
tolut 1 ne 1ye However just the same reaction w as seen after incuba
ton with the Ve

mast cell granules and
Steail ¢ action of 3he hy

n the methvlgreen §
mast cells contained o
With pyron n Somet m
W alserel ang this

aluromdascs.
yronin staiming am Unna Pappenheim some
range granules te reacted mchchromatucally
¢s an additional red stuming of the cytoplasm
was removal Ie w th nt onuclease
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Flectr nmi r grapt A} rton fasm thm sele cell anl an iterst tal jace

v th loo ¢ arrangel collagen 1n an aluniant matrix ( r edema) Specwn en from
an mal ju t after lelvery Ve toyal amlellel anliran 1 acetate stunel X 18000

By dlectron mucroscopy only the myvometrium was thoroughly
vestig iled In normal animals the smooth muscle cells were mn elose
contict with exch other as the antereellular spaces were narrow shis
and when cclligen was present 1t was arranged m dense bundles (Hg
1and 2) In the pregnmt snmls the ultrastructural picture w s quite
diffcrent The musele eddls were larger m all dimensions Tig 11 shows
the condition i amml after 3 4 wedl s of [regnanes The hvper
trophied smooth muscle cells run parallel to ¢ ich other but arc sepr
rated by rather wide ntorstibia contunmg much collanen predomt
nantly of loose texture and Iving in 1 considerible unount of pround
qubstance The bhlack appesrncc of the colligen s duc to afterst unng
with phospholungstic wcid  The v rwuolization of the muscle cclls 1t
presented a common finding which however may b fivibon b

facls
The mtimate relationship between collagen threads and the muscle
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Fig 15
Elcctron micrograph  An snterstitial space between two muscle cells just after
delivery Ccllagen §s present in fairly rich amounts but the distance between the
1nd Sidual fibrifs 15 larger than 1n normal ammals (12 Figs 1 and 2) and in the
earlier stages of pregnancy (Figs 11 and 12) Vestopal embedded specimen after
stained with yranyl acetate X 27500

cells is tllustrated 1n Fig 12 Immeduately after delivery ser} wide inter
stiia were seen with an abundance of collagen fibnls Iying 1n an ample
matnix (Fig 13 and 14)

DISCLSSION

The present mestigations, besides the well-known hypertrophy of
the smooth muscle cells i the pregnant uterus of the guinea pigs have
shown a gradual increase n the content of collagen in the intercellular
“aces The latter 15 relatively most pronounced 1n the horns (especialls
the pregnant one) as in the normal cervix a rather high content of
collagen alreads s present In the pregnant uterus the collagen has a
‘e foose arringement whereas in the normal amimal 1t 1s present m
Qense houndles During the course of pregnines there 1s a gradual m
¢fease n the amount of the intercellular ground substance as shown
M the Hale reretion the alean blue staning and the PAS reaction
This indicates that 4 production of mucopolssacchanides especialls
td mucopolvs recharsdes has tahen place Although the positivety 1n
the vanous histochemieal reactions are not vers striking and does not
dicate 1 high concentration of these substances quantrtatively it may

® 2 wer pronouncad ncrease of the mucopolysaccharides of the
&round substinee owing to the size and groater extent of the inter-
tehular spaces 1n comparivon with the normal control ammals Further
MOR quantil dive and quilitaiine changes 1n the uterine mast cells
“ere obsinved The number of mast cells gradually 1ncreases towards
the eng of the pregn

g ey espeetally n the cervix and at the same time
‘Ernultion and mctachramatie halo are sien
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The hypertrophy of the mdinvidual musele cells seen by hght- and
clectron-microscopy 1s in accordance with the findings of Kricheshy
(14) and Mabenco (15) Both of these authors found by ordinary hght
microscopy a hypertrophy and no hyperplasia of the musculature
during pregnancy contrary to Sfieve (23) who also saw proliferation
of muscle cells However, although we did not sec any mitoses without
colchicin treatment, we cannot rule out that proliferation of musele
cells indeed occurs

Maibenco (15) found an mncrease of the intercellular substance in
the uter: of pregnant rats, especially at term and mostly chemeally
related to ncutral mucopolysaccharides Our inyvestigations in guinea
migs scem to indicate, that there ts an nerease also of acrd mucopols-
sacchandes during pregnaney The enzymatic degradation of the po-
sitive colour reactions by hyalurondases speaks 1 the favour of such
an assumption

The merease m the total amount of collagen corresponding to the
age of the pregnancy 1s 1n accordance with the biochemical determina-
tions made by Harkness and co-worhers (6, 7, 8) When the hydroxy-
proline values were taken as a measure for the amount of collagen, a
definite merease m compartson with the normal values was secn as
regards collagen 1n the pregnant horn and a lesser mncrease in the non-
pregnant horn and 1n the cervix

Our clectron-microscopic myestigations confirm these findmgs, but
show furthermore that a change in the structure of collagen tahes place
As mentioned above the collagen in the pregnant animals has a diffuse,
loose arrangement and a widespread distrsbution This 15 m accordance
with the observations of Hughesdon (9) He described the fihro-mus-
cular structure mn the human pregnant uterus m ordmary histologic
preparations and found that the collagen fibrils hecame separated by
ocdema Contrary to him we did not find any signs of resorption and
subsequent deerease mn the total amount of collagen as long as ihe preg-
nancy 15 mamtained

Harhness & Harkness (6) were of the opinion that the merease of
collagen 1n the pregnant uterus might be due to strechmg of the nterine
wall owing to the growth of the foetus They found this statement con-
firmed by the fact that the collagcn content predominantly 1s ncreased
n the pregnant horn However, these authors thought that an addi-
tional hormonal factor was co-operating, as the non-pregnant horn 1n
the first ten days of pregnancy shows levels of collagen content much
above those from normal animals

According to Reynolds (23) a constant rclationship cxists between
the condition of the uterus and the size of tts content This relationship
possibly was governied by “tissue tension, muselc thichness and hor-
monal stimult”

1t seems as if the hormonal stimuli on the uterus are governed by the

balance between the sex hormones, cspecially ostrogen/progesterone, at
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a ginen tme Towards the end of pregnaney there s an nerease of
this ratio, mainty Que 10 mercase of oestrogen

Iversen 1n a previons publication (11) demonstrated, that the amount
of collagen i uters of guinea pigs mereases during treatment with
ocstrogens He also showed that in human cersit utert an ncrease of
the ratio hyaluronue acid.chondroitin sulfate 1s found during ocstrogen
treatment (10) It therefore 1s assumed, that hormonal stimul 1s of
greater importance than thought by previeus investigators of the pro-
blem The changes n the uterime connectise tissue during pregnancy,
te merease of collagen and alterations of 1fs structure, to some extent
should be dependent on hormonal mnfluences

The changes of the mast cell occurence and morphology at the end
of pregnancy correspond to similar changes deseribed by Iversen (11)
for utert of guinca pigs after oestrogen trealment of short duration
Although 1t 15 not our intention to discuss the problems about mast cell
morphology and function, we feel justified to emphasize that the ob-
served morphological changes run parallel to an mncrease of the ground

bstance (compare dsboe-If (17}, w0 that 1f 15 possible {hat at
least a part of this substance arises from these cells It 1 striking that
the ynerease of the number of mast cells and their degranuiation fol-
lowed hs the appearance of an extraccllular metachromatic halo pre-
dominantly 15 seen 1n the uterus at term And it 1s known that the
tollagen very early, within 6 to 12 hours after delnery, begins to he

Tesorhed Possthly the mast cells 1 some way facilitate this resorption
of collagen

The pyromnophilia of the mast cell cytoplasm scemed to be due to
nhonueleic acid, as 1t was removable with nbonuelease This finding
catresponds Lo the presence of nbosomes mn the cells of a mouse masto-
estomn studied by electron-microscopy (12)

SUVMMARY

The myometrnng pregnmt gumea pigs, cspecially of the cemix,
“ere imvestigated by hustologieal and histochemical methods and by
clcclmn-mxcmsmm An increase of collagen n the interstitial spaces
Fradually tikes place This must partly be duc to an increase in the
Widths of the intercellular spaces, as the collagen at the same time
becatmes structuraily altered The collagen in the pregnant antmals was
lovsels arrangca appirently Iying 1n a more ample ground substance
The wnlerstitial cell showed marhed hypertrophic changes, which
should be related to production of fibrils and mucoproteins and muco-
I‘K;‘I:lwc'l‘\l.\nde\, prrhicutarly acid mucopolysacehardes The changes
lmm‘\:c“ e -’ll:;angcml‘nl of collagen was espeenilly distinct by clectron-
I‘“‘nn:mcx:} fie number of mast cells increased towards the end of
e sun:. and morphologically these cclls showed degranulation and

ounded by a metachromatic halo
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THE PLATELET PLUG IN NORMAL PERSONS
2

2 The Histological Appearance of the Plug in the Secondary
Bleeding Tune Test

By
Terr JorGeasFy and Cugrstias T BoRCHCRFVING

Recenved 8x) 62

In 1998 Borchgrevink & Waaler introduced the detc rmination of the
secondary bleeding ftme, onigmally devised 15 2 screening test for
aemophilia W\ hule patients with defectine intrinsic clotting system
ustally had normal bleeding time by conventional tests thes blcd de-
fimtely longer if the crust of the test wound was gently removed 24
hours later Normal persens and patients with defectine cxtrinsic clot
ting s1stem hled esen shorter the sccond time than the first From this
"was concluded that the mtrinsic clotting system 1s of great importance
to the secondary haemostasis 1 contrast
the Pnmary haemostasis

In subscquent srhicles {Borchgremnk 1961 1 Borchgrevink & Owren
19681 Ogwren & Borchgrevtnk 1962) 1t was claimed that the normal hae
Wostasis during the secondary bleeding depends on 1 normal mtrinsic
“:Hmn System on the platelet surface The tissue thrombeplastin
“hich 1s released by the onginal cut and which triggers the extrinsic
clotting svstem will have heeome inactisated 24 hours later \o more

{ssue thromboplastin 1 supposed to be released by the provocation of
the renewed bleeding

Borehgrepiny, 11961 )
Shich support the theory
secondary haemostasis i n

The platelet count in th
Wecding w s 30 50
Mained fairly o)
stojred In the scq

to the munor role 1t plays in

also presented sevcral other observations

of 2 difference between the primary and

ormal persons

e first drop of blood during the Primary

per cent lower than i venous hlood and 1t re

le i‘rom ]drnp to drop untzl just before the bleeding

condars blieding the pl stelet count 1n the farst dro,

:‘(:;d:lllc:rl lh:-i\unc s an the venous blood and then it (lccrcusc(r;

A :;m rop to drop until the bleeding stopped

and g Primary bleeding, the firet drop formed mn about 40 seconds

¢ Mvimum hlood loas occurred only after 2 minutes In the

47
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secondary bleeding the first drop formed 1n 5-10 scconds and the max-
mum blood foss was found imtually

The patterns of hoth platelet consumption and blood loss during the
primary bleeding beeame simlar to those of the sccondary bleeding if
the vessels were dilated by warming the shin prior to the test onse-
quently, the dissimilanty of the patierns n the two tapes of bleeding
may be due to differences mn vascular tonus

Fmally, Borchgrevink (1961 a) found a marked differcnce m the
tofal number of platelets retamed n the wound durmg the two {spes
of bleeding In the primary bleeding 11 nullion platelets, on an average,
Wwere supposed to he consumed i the formation of plitelet plugs,
whereas mn the sceondary bleeding the corresponding higure was only 3
milhons

In a previous article (Jorgensen & Borchgrevind 1963 a) the hislo-
logical picturc of the normal platelet plug was deseribed, as scen i
wounds of the primary bleeding time test ifteen to twenty nunules
after the bleeding the plugs were composed of ballooned disercte pla
telets and bordered by a perimetric fibrin membrane The gap of the
Wounds was filled by eryihrocylcs, partly trapped n a deheate Hibrn
net No platelets were intermungled with the rod blood cells apart from
tiny parbieles of platcdct orgin tached to this net Tw enty-four hours
after the bleeding there w s a considerable mercase m the amount of
fibrin, both mn the plugs and in the gap of the wounds In the sur-
rounding tissue an acute mflummatory reaction was evident

In this article we intend to examine lustologieally the wound of the
secondary blecding time test in normal persons 15-20 minutes after the
blecding We want to sce 1if the physiological differenees belween the
primary and secondary hacmostasis are reflected hy morphologieal di
stinctions

A subsequent paper (Jorgensen & Borchgreptnl, 1963 b) will deal with
the histologieal featurcs of both the prim ry and secondry haiemostss
mn patients with hacmorrhagic discases, meluding coigulabion defects

MATIRIALS AND MITHODS

Determmation of the primary and sccondary hleeding time ws perfc emed in l;r ur
normal persons Al were mer aned 24 to 36 years (lable 1) In all the bleeding
times as well as the platcdet count was within the normol range n

The method used for the determination of the primary blecding tinte 15 2 mxmh\
fication of the techmaue deseribed by Iny Nelson & Buch ¢ (1941) deseloped o
Borchgrevinh & Waalcr (1938) \ blood prossure cuff an placed on the upper al n
and inflated to 40 mm Hg On the volar side of the forcarm 3 transyorse cut 1 r'nm
decp and 10 mm long s made with a new surgical blade 1varsy 30 second the shed
blood 1s circfully absorbed by a filter paper until the blucding stops The nnnlup

¢ for the primary hlceding time with this mcthod 1s between 3 and 11 minul
T e secomdary bleeding {ime was dctermaned by prosoloms.  renewed bloeding

The 5 ¢ cut 24 hours later (Borchgretink & Waaler 19481 The bl od pressure
I e o e and anflated a5 hefore Tho crust of (e w v 1 senite omored
s e L blade real tare BUDE L1hen moither 1o cat m scocle B ¥ o 205
N “hl:xlszzzill;:mgc The time until the bleeding stops s recorded in the same manner
new



429

as hefore “ormal values for the sccondary bleeding time are between 0 and 6
m nufes

Biopstes Faftecn fo twenty minutes after the cessation of the secondary bleeding
the wound together svith the surrounding skin was excised under Jocal anaesthesia
with v3locan 1 per cent solution

Histologrcal techmaque The biopsy specmens were immediately traosferred to
Hells s solution for fivatson for 24 hotrs Afterwards lhe specimens were rinsed in
flowing tap water for another 24 hours imbedded 1n paraffin, and cut in serial
sections abaut 5 microns thick perpendicular Lo the direction of the wound Follow
g stains were used

(1} Haematoxsyhin and a solution of eosin ¥ (1 per cent), orange G (023 per cent),
and acid fuchsin (0 125 per cent) 1 96 per cent ethy1 alcohol and 005 per eent acetic
acid The platelets stained pale red the fibnin deep red

{2) Lendrum s acid picro Mallory method for staiming fibrin (fendram 1343)
The platelets stained light blue or bluish red the fibrin red or slightly yellowish red

(3) Mallory s phosphotungstic acid hacmatoxylin method The platelets stained
Vight brown ‘the fibrin dark blue

TABLF 1
Age Primarg and Secondary Rleeding Time and Platelet Count in the & \ormal en
rom whom the Buopsies Were Taken

!

Primary Secondary |
Pe » i3 o Flatelet ]
ran \ebiyears | Meelngtme  Bleedwghme et Tlifo
Wy 3t N 271000
DH 2 5 2% 248 000
us 2 st 3 261000
CB 3 7 3% 237 000

RFSUITS

There w w no important difference bhetween the four wounds, allow-
'ng 1 joint hustological account The features which remained of the
Tnmary hacmostasis have already been deserihed tJorgensen & Borch
yrevink 1963 a) The crust and the upper one or two thirds of the fibnn
W5 the gap of the wound were removed (Fig 1) Renewed bleeding
had occurred from capillaries and smaller capillary yvemns, defimte
artnolar blecding was not found Many of the vessels which had bled
were dilated, but some of them were rather collapsed
. The denuded vascular mouths, even those of the camllaries wora

dy uags i torm varied considcrably, but the size was d

ably, efinutely

::r:;:l(: con\lplrc((l ‘\I\.ul- prumary plugs bhelonging to vessels with the
damitor of the lumien The largest secondar 3

weter ibout 3 4 imes that of the lumen $ plus fiad 2 dia
Mins of the plugs were com

With v diimeter of 1

fusid (fag ),

posed of aggregated granular
platelets

' 2 mucrons Usually the platdets seemed to have

hut 10 the centre of some of the larger plugs the plate-
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Fig 1 Th Figs 1 and 2
g ¢ secondars wound The shin surf;
ace to the left Th
and so . e superficial erust
A the ald ‘:fﬂ":f :Jx:du?‘hxr):r:.:;: n :ll:i £ap of the w und are removed The rest
ound to the right
wound surface m the middle Between the arrows xf(‘u’l)n!drain;’tg o orge
Secondary plug blongms, to a dilated capillars or & ipillase eft v a large
stain X 140 «apllary vemn T endrum <
Fig 2 One flattened granular mdistinctly
outhned plug ¢ sors th "
dilated captllaries The platelets have apparentls fuscd ‘l‘li“mr:(:ul:du‘rrh“:
hlood cells are inchuded m the plug o perumetric G mbrane 1
dram's stain X 800 « fibrin membrane Ten



fig 3

tg b

Figs 3 and §

The large plug seen an Fig 1 The wound surface to the left Within the plug
there 15 an area of more scattered platelets with distinct granulomers The
clear ristinetly bordered spaces are artifacts Towards the bersphery part

cularly to (he lower left the platelets are more densele sggregated snd

apparently fused At the three upper arrws a hazy Perimetric zone staing
as fibrin endrum s «tain

800
An indistingtly outlined plug belonging to a dilated capillary at the hottom,
Neme of 1 . . ' .
avsume U . . '
1s deselor . .
at upper .
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Fig 5

Fig 6
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Figs 5 and 6

A saucer-shaped plug with ballvoncd platelets and distinet perimetrie fibrin
membrane, fastened to the wound surface at the hottam of the picture The
corresponding vessel 15 not clearly shown Many platelets are antermingled
with the extravasated envthrocvtos Lendrum s stamn v 400

To the left a rich, nenly furmud fibrin nct 1o the rght old fibrin strands
In the mashs of the old nct are aggrcgates of apparent!y fused platelets, as
well as red and white blood cefis Lendrum « stan x 400
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lets, a distinct gr were more scattered, separated
by structureless, fantly eosimophil matenal, appearing as plasma (Fig
3) Olher plugs, not so often observed, had =z structure ke the pnmary
plugs, although the ballooned platelets were not very large (Fig 5)
Finally, some of the plugs were 1 various stages of transition between
the granular and multivesicular forms (Fig 1)

The outlines of the granular plugs were often mdishinet due to blend-
mg with platelet aggregates n the haematoma of the gap The fibrin
membrane was mostly lacking, apart from an occasional incomplete,
hazy peripheral band (Fig 3) In the mulinestcular plugs a distinet
pertmetric fibrin membrane was present (Fig 5), i the transihional
plugs it was only fantly ndicated (Fig 4)

A few leucocytes or erythrocytes were observed at times within the
plugs, but definite remnants of channels were not encountercd

The outer part of the gap of the wound, which had been exposed at
the provocation of the secondary bleeding, was partly refilled by eryth
rocytes entrapped w a rich fibun net (Fig 6) This was much more
tonspicuous and constant than that in the haematoma of the primary
becding at the same time after the test Numerous platelets were
attached to 1t and, 1n addition, indiidual or aggregated platelets were
often intrmately mixed with the red blood cells, 1n contrast to the spar-
sity of platelets sn the primary haematoma Partly fused platelet aggre-
gates were also prone to appear on denuded parts of the walls 1n be-
tween the vessels, and 1n the masks of the coarse fibrin net from the
Previous day in the deeper parts of the wound (Fig 6)

DISCUSSION

Many of the dary plugs were I d of aggregaled granular
Platelets and they were mostly lacking any fibrin This gives histolo-
Rieat support to the widely held view, particularly mamntained by
Zacher (1947) and Hugnes (1953), that visible Hibrin formation s net
necessary for the arrest of bleeding However, small amounts of throm-
bin on the platelet surface 1s considered necessary for the “tiscous
m&“\’-\mnrphusn" and the ympermeability of the platelet plug (Luscher
1936, Borchgrepink 1961 b, Borchgrevink & Owren 1961) These pheno-
mena are usually assocrated with apparent fusion of the platelets, a

Protess which, at least partially, had taken place 1n all secondary plugs
of this type )
.o L

- 1963 2) we deseribed
st "

" . the superficial crust
o, . . i s1on was probably an

primary plugs might
Fipiesnt a IET Sage in the post-hacmorrhagic lrnns{:rmium:gnf
platelet aggregates The aggregates of the crust were probably fresher
than the multnvesicular plugs Support of this interpretation 15 ob.
28 acrararn 57 4
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tained 1n this study by the observation of several secondary plugs n
various stages of transformation from granular to multivesicular plugs
The perunetric fibrin membrane seemed to develop along wath the bal-
looning of the platelets, an obseryation previously made by Sharp (1961)
mn cxperiments e vifro

Thus, we may assume that the secondary plugs in general were
fresher than the primary oncs, te completed closer to the grossly ob
served arrest of the bleeding This theory 1s supported by iwo additional
facts Traces of traversing channels through the sccondary plugs were
not found, indicating that the plugs became mmpermeable just after
their completion Iurther, the high percentage of retamned platelets ob-
served during the entire primary bleeding was reached only at the end
of the secondary bleeding (Borchgrevink 1961 a)

These differences between the primary and secondary hatmostasis
nced not to he explamed by referring to the assumed lack of tissue
thromboplastin 1 the secondary wound They may be due to the dif-
fercnce in vascular tonus, because the disstmilarity of platelet consump-
tion 1s obliterated sumply by warming the shin prior to the primary
bleeding time test {Borchgremnl 1961 a) Around the seconddry wound
there was a vascular dilatation as a part of an acute inflammatory reac-
tion to the cut on the presious day This explains the massive bleeding
immediately after the removal of the crust In thiy sudden gush the
platelets probably do not have the same oppertumty to adhere to the
vessels and to aggregate as during the slower inihial flow of the primary
bleeding Many of the not adhered platelets were ancluded mn the sccon
dary hacmatoma, contrasting with the few platelets mn the pniman
haematoma

Another important difference hetween the primary and secondary
wound 1s that the latter was more superficial than the former Renewed
bleeding had only occurred from capillaries and smaller capiflary veins
This may account for the fact that the secondary bleeding tune 18 some
what shorter than the primary (Borchgrevink & Waaler 1958), al
though the vascular dilatation should predispose to a prolonged Dleed-
g time (Rosham 1945) However, we do not know when the primary
blceding from these superficial vessels stopped their primary hleeding
time may cven be shorter thin the sccondary It 1s not unlikely that
during the later stiges of the gross primary bleeding only the deeper
and larger vessels are bleeding In favour of this supposition 1s the lack
of channels 1n the superfteial primary plugs, whereas the deeper and
larger primary plugs had several traces of thuse structures (Jorgensen
& Borchgrevink 1963 2)

\Vhen comparing the diamcter of the platelet plugs with that of the
the secondary plugs were considerably smaller than

Admattedly, the sccondary plugs were generally com-
ollen platelets, a fact which may evaggerale the dif-
the difference 1n size would perhaps be less marhed

vascular fumen,
the primary ones
posed of less sw
ference Further,
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if the companison was made between plugs belongmg to the same kind
of vessel However, thus does probably not account for the entire dif-
ference The smaller size of the secondary plugs 1s 1 accordance with
the generally lower platelet consumption throughout the secondary
bieeding, and also with the considerably smaller tofal number of pla-
telets retamned This latter figure 15 certainly also influenced by the
shorter secondary bleeding time

A third fundamental ditference between the primary and secondary
wound 1s revealed by the more consprcuous fibrin nefwork of the latter
at the same time after the bleeding This 1s probably the morphological
counterpart of the observation of a shorler clotting time 1n blood from
the secondary bleeding than in that from the pnimary (Borchgrevink
1963) The reason for this may only be the subject of conjecture 1n-
fluence of the nflammatory exudate, of the serum dernved from pro-
longed or continuous coagulation i the prunary wound, or of the in-
creased number of platelets i the secondary hacmatoma

There 15 an apparent contrast between the rich fibrin net of the se-
condary wound and the platelet plugs which have generally not reached
veny farin their post hacmorrbagic development This must mean that
the coagulation within the haematoma and within the plugs 1s largely
independent, and 1t supports the theory that the thrombin necessary
for the impermeability of the plugs is formed on the plaielet surface
{Borchgrevink 1961 b, Borchgrevink & Owren 1961, Owren & Borch-
gremnk 1962)

It should be stressed that we have not found any histological feature
of the sccondary wound which elearly reflects the assumed lack of
lissue thromboplastin However, this may dicate that an intact n
{nnsic clotting system 1s able to compensate completely for this defect

SUMMARY AND (ONCLLSIONS

Ditermination of the secondary bleeding time was performed n four
noraial persons and biapsies of the wounds were taken 15 20 mnules
after the blceding The crust and the upper parts of the fibrin mass of
the wound from the previous day had been removed Renewed bleeding
bad oceurred from superficial capillaries and smaller veins, many of
which were dilated as a part of an inflammatory reaction to the cut of
the primary bleeding time test -

Fresh plateles plugs covered the denuded «ascular mouths Compared

with the vascular diameter, the secondary plugs were smaller than the
prmary ones Many of them were composed of aggregated granular
Patelets, alt of which had apparently fused, except within the centry

of some of the larger plugs Other plugs had :
ance gr a structure representing varions stag
forms In the granudar plugs a perimetrie fibry
lacking 1t seumed to develop along with the

a mulbiesicular appear-
es 1n between these two
L membrane was mostly

allooning of the platelets
2y
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tained mn this study by the observation of several secondary plugs in
various stages of transformation from granular to multivesicular plugs
The perimetnic fibrin membrane seemed to develop along with the bal-
looning of the platclets, an obsceryation previously made by Sharp (1961)
n experiments n vitro

Thus, we may assume that ihe secondary plugs m general wert
fresher than the primary ones, 1 e completed closer to the grossly ob
served arrest of the blecding This theory 1s supported by two additional
facts Traces of traversing channels through the secondary plugs were
not found, indicating that the plugs became mpermeable Just after
their completion Further, the high percentage of retamed platelets ob-
served during the entire primary bleeding was reached only at the end
of the secondary bleeding (Borchgrevink 1961 a)

These differences between the primary and sccondary hiemostases
need not to be cxplamed by referring to the assumed lack of tissue
thromboplastin 1n the secondary wound They may be duc to the dif-
ference i vascular tonus, because the dissimilarity of platelet consump-
tion 1s obhterated simply by warmng the skin prior to the pnimary
blecding time test (Borchgrevink 1961 a) Around the second4ry wound
there was a vascular dilatation as a part of an acute inflammatory reac-
tion to the cut on the previous day This explains the massive bleeding
immedhately after the remozval of the crust In this sudden gush the
platelets probably do not have the same opportumty to adhere to the
vensels and to aggregate as during the slowcr inthial flow of the primary
bleeding Many of the not adhered platelets were tncluded i the secon-
dary haematoma, contrasting with the few platelets in the primary
hacmatoma

Another important difference between the primary and secondary
wound 1s that the latter was more superficial than the former Renewed
bleeding had only oceurred from capillaries and smaller capillary veins
Thrs may account for the fact that the secondary bleeding time 1s some-
what shorter than the primary (Borchgrevinh & Waaler 1958), al-
though ihe vascular dilatation should predispose to a prolonged Dleed-
ing time (Rosham 1945) However, we do not know when the primary
blceding from these superficial vessels stopped  their primary bleeding
fime may even be shortcr than the secondary It 1s not unlihely that
during the later stages of the gross primary bleeding only the deepel
and larger vessels are bleeding In favour of this supposition 1s the lack
of channels 1 the superficial primary plugs, whereas the decper and
larger prumary plugs had several traces of these structures (Jorgenscit
& Borchgremnh 1963 2)

When comparing the dimeter of the platelet plugs with that of the
vascular lumen, the secondary plugs were considerably smaller than
3 ones Admuttedly, the secondary plugs were generally com-
llen platelets, a fact whieh may exaggerale the dif-
the difference tn size would perhaps be less marhed

the primar;
posed of less sWO
ference Further,
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In the gap of the wounds a rich fibrin network entrapped the erythro-
cyles, which were mixed with many platelets

The followng conclustons are drawn.

‘The occurrence of granular plugs without fibrn supports the view
that visible fibrin precipitation 15 not necessary for the arrest of bleed-
ing

In general, the secondary plugs are not so far in their post-hacmorr-
hagie development as the primary plugs at the same time after the
bleeding has stopped The sccondary plugs are probably completed
closer to the grossly observed arrest than are the prunary ones

The many plateiets i the hacmatoma and the small size of the plugs
probably llustrate the low platelet consumption during the secondary
bleeding

Both the relatnely late completion of the plugs and the low platelel
consumption may be explmined by the inflammatory vascular dilata-
tion

The smaller total numher of consumed platelets 15 also partly ex-
plained by the shorter secondary bleeding time This may agun be ac-
counted for by the fact that only the superficinl vessels hlced the second
time

The conspicuous fibrin network probably reflects the shorter clotiing
fime 1n the blood from the sceondary h]cc(hﬁg

The apparent contrast between the rich fihrin network and the not
far developed platelet plugs supports the theory that throminn neces-
sary for the impermeablity of the plugs 1s formed on the platelet sur-
face, mdependent of the coagulation in the haematoma

The assumed lack of tissue thromboplastin in the secondary wound
1s not normally reflected by anv histologienl feature
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IDENTITICATION OF STAPHYLOCOCCUS AUREUS
ANTIGENS AND ANTIBODIES BY MEANS OF THE GEL
PRECIPITATION TECHNIQUE

ny

Pir O1p1neg and Guanar HAURTNES
Recelved 562

The gel preapitation technique has been used to a certan cxtent
for the purpose of studying antigemic substances present Staphylo
cocens aurens and serum antibodies reacting with staphylococcal ma-
terials When potent whole sera and whole staphylococes, or crude ex-
tracts, diffuse towards each other, a vers complex system of precipat-
1on hines appears A few of these hines have been charactenzed to some
degree, 1 that they have been correlated with a staphylococeal toxin
(1, 2, 23, 28), an agglutinogen (16) and an anhbedy present m normal
human (17) or ammal sera (4) Furthermore, a ine specific for polv-
saccharide A has been demonstrated (13, 7, 8), and hines charactenistic
of Cowan’s strains 1, 11, and 1IT have been reported (3)

The current nterest in staphylococeal serology and ummunology, and
the frequent use of the gel preaipitation techrique i this research,
make 1t desirable to characterize the hnes which hase been wdentifsed,
n such a way that they may be produced and recognized by any worher
who has the standard svstem and a description of the standard condt-
tions The purpose of the present report 1s to collect and discuss our
own observations some of which hawve already been reported In addr-
tion some hines desenibed by other authors huve been examned by us
and are discussed here

MFTHODS

The strains of Staph aurens used m the majority of the cxperiments
Jong to the sct of 13 type stramns used 1n this lahoratorsy fur sero
hylococer v shide agglutination (16) In addit ¢n strains from
re used in certain experiments

ne sera were produced by the mtravenous 1ny
kxll;::l:::g::l:"r:ﬁ and factor sera by absorptions as describud by Ocding
occasionally, more concentrated factor sera were needed than the 111

hle

1sh to express their gratitude to Dr Jay O Cohen Communical
[)Thcq:‘;!::!r:r“zﬂ]anln Ga USA for his valuable suggestions concerning ths
)sed: v

manuscript

Straws
reported here be
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our routine material we ot st
(22) When
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dilution the factor sera were concentrated by evaporation in pacuo or undiluted
whole sera were absarbed

Agar of hterlony’s method with 15 per cent
water agar eontaining 083 per cent MaCl and buffered to pH 7 4 was used {16) 1t 1
\mportant that the antisera have & good titre of the antibody 1n question Whale
bactetia crude exiracts obtained from bacteria erushed 1n a bacteria press and
moTe or less purified materials were used 2% antigens (see below) The bacteria aere
1roRD on nutrient agar plates

Ring test precipifation was performed with dilutions of the antigen 1n saline
layered over undiluted 1mmune serum (15)
;oqlulma(mn was carried out on shdes with Jive bacteria as described by Oeding

v

(2

EXPERIMFNTAL

Of the 9 “specific” antigente factors used by us for the typing of
Staph aurens strains by shde agglutination, 3 form specific and cha-
racteristic hines on agar precipitation We have heen unable to demon-
strate hines corr i to the ¢ 6 antigens, either with
whole rabbit immune sera, or with concentrated factor sera One of

the 3 hines (n) has heen deseribed hefore (16} whereas the other 2
hme not

nLine

The n ine was first described by Haulkenes & Oedtng (16) and corre-
sponds to the n anhigen found on agglutination

Reference system  Suspensions of whole or crushed 1503 bacteria
fite a distinet Jine wath 1503 rabhit immune serum, preferably undi-
luted The ine can also he produced with n factor serum, hut the whole
serum should not be diluled more than 111 5 As the lmne 15 strongest
with whole serum, this 1s preferred in the reference system As a con-
trol, serum 3189 should he placed sn the well next to serum 1503, be-
cause the n hine 1s the only line not common to these two swlems‘ Al-
though the n line may be produced with any strain poue;smg the n
antigen, the reference svstem s to be preferred

?T"hc serological pattern of stram 1503 1s aemn and the phage pattern
12324 8081327 42E134 738% n factor serum 1s produced by the ab-
‘“l"‘l"‘:lon of Cowan II1 serum with 2095 and F21 bacteria
. )\m(;::“hgl‘" 18 beat labile and destroyed by trypsin and 1s probably

The n line 15 very fine and well defined, appears after 2 ’
\;';l:;hlnm |Ir(\ near the antigen well, and 15 sllnz'.hll) cnncn\c::z:\l\n::d:r:l
N, I!nu\m!I" autoclaving and trypsin digestion of the organisms no n
Im:'"_t;:r. Our type strans 1503, 2253, 28, 3647 and Cowan W gne an n
<363 h.‘l: )l‘s n accordance with the results of agglutination Strain

cen shown by absorptien 1o

bigen, but this strmn #ives nesther ngm:. have small amounts of n an-

Preciptation hine tination m n serum nor the n
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N antig A
‘/((Pcly g
Fug 1

Schematie drawing showing the position of the n antigen A (Jensen), and poly

saccharide A lines The latter line will usually have disappeared into the serum well

when the former hines are fully developed In well 1 crushed 1503 cells an well 2
serum 1503 and 1n well 3 n factor serum

I Line

This hne was 1dentified waith the i agglutmogen some years ago, but
the observation has not heen reported before,

Reference system 17A whole bacteria or a suspension of erushed
bacteria wall give a distinct h hine with most 17A rablnt immune serd,
preferably undiluted The hine can aiso be produced with I factor se-
rum. but the whole serum should not be diluted more than 11n 2 As
the line 15 weaker with factor serum, this should not he used wn the
reference sysiem

The serological pattern of strain 174 15 el and the phage pattern
99/52/52A/80/81 h factor serum s produced by absorption of 17A serum
with 1503 and 3647 bactena

The h line appears after 2-3 days ns a relatnely well defined hine
near the anbigen well, towards which 1t may be shghtly concave When
factor scrum 1s used, the hine s found near the serum basin as the anb-
body 15 weak (Fig 2)

antig A

Fig 2
ing of the h and anbigen A (Jensen) hines in ahsorbed and
Sehematie drawing OTALf B0 B0 m 171 in well 3 xerum 174 absoth

sum 1%
sera In well 1];‘{3 ‘and 3647 bacterta and tn well 4 crushed 174 cells

4 unahsorbed
ed with
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Accordmg 1o the results of agglutination strain 17A 1s the only one
of our {ype strans which bas the h antigen The k Iine 1s found only n
this strain Of other stramns tested, those which agglutinated 1n the h
serum all produced the bine, whereas none of the nen-agglutinating
stratns did so

Haukenes (unpublished data) has recently demonstrated by agglu-
tiun absorption experiments that the h factor serum consists of two
separate antibodics The corresponding anhigeme factors have heen de-
signated hy and k2 The former 1s heat lainle whereas the Jatter 15 heat
stable Of the type strams, 174 has both In and bz, whereas Cowan 1
and Cowan I have been shown to have only a weak iz The bz antigen
1n these stramns was revealed when the agglutination was carried out
with mannitol-salt agar cultures These data, and the results of agar
precipitation with other k: and h» strams, show that the hy antigen 1s
the one respensible for the line It 1s interesting that fluorescent anty
body staming also distinguishes the h: antigen from k-~ and thus con-
firms the results obtained from agglutimin absorplion and agar pre-
cipitation (5)

1Line

This line was 1dentified with the 2 agglutinogen by us some ycars ago
A short deseription of the line has been given by Haukenes (8)

Reference system Suspensions of whole or crushed F21 hacteria gise
a dishinct 1 line with F21 rabbit immune serum, preferably undiluted
The line ean also be produced with 1 factor serum, undiluted in rela
tien to whole serum, but the Iine 1s then weak and not so easily demon-
strated

The serological pattern of stram F21 15 perm and the phage pattern
34138 3C 1« factor serum 15 produced by ahsorpltion of F21 serum wath
1503 and 3647 bactena The 1 antigen 1s heat labile and probably has
a protein structure

The t ine appears after 2 4 days, 18 somewhat diffuse, and situated
near the antigen well towards which 1t 1s slightly concave

The results of agglutimation show that only type strains F21 and
Waod 46 have the « antigen The ¢ line 1s found only 1n these strawns
Of other strans tested those which agglutinated 1n the 1 serum all pro-
duced the ine whereas none of the non-agglutinating strams did Ac-
Cording to agglutimin ahsorphion experiments performed by Haukenes
‘unpublished datt) the 1 factor serum consists of two separate anti-
bodies The corresponding anbigenie factors have heen designated 1
and ¢z Of the type strawns F21 bas both factors whereas Wood 46 has 1,
only it 1s therefore evadent that 4 1 the factor responsible for the line
A5 we have not yct been able to produce an 1+ factor serum of satisfac-
tory yitre other strams wath 4 and 12 factors have not heen tested



Polysaccharude A Line

Two “group” antigens, polysaccharide A and antigen A (Jensen),
produce charaeteristic and casily recognizable hines which wilt be de-
seribed here In addition we have regularly obsersed two or three lines
which probably represent other group antigens These hines have, how-
ever, not 3t been identified

The polysaccharide A line has heen described briefly by Oeding (24)
and Haulenes et al (15) and in detail by Haulkenes (7, 8) It has been
wlentified as the group-specific carbohydrate originally deseribed by
Julwanelle & Wieghard (21) and now purified and characterized che-
mically and serologically by Haukenes (7-13)

Reference system Wood 46 whole hacteria, extracts of crushed or
whole bacteria, and purified polysaccharide A materal will all give a
distinet polysaccharide A line with Wood 46 undiluted 1mmune serum
Stram Wood 46 t« wdl suited as reference because 1t 1s very rich
polysaccharide A, lacks antigen A (Jensen), and has only 1 of the “type
speeifie” antigens A factor serum agamst polysaccharide A has not yet
been produced, heecause the purified substance 1 non-antigenic, and
strains switable for the absorption of whole serum have not heen found

The scrological pattern of strain Wood 46 1s 1, and the phage pattern
42D w

The polysaccharide A line 15 very characteristic It appears after one
or two days very near the serum well towards wlich it 1s strongly con-
cave Later the line hecomes less distinet and disappears winto the serum
well (Fig 1) Readings should therefore be made dailv during the farst
days The linc 15 best demonstrated when the serum well 1s filled be-
fore the antigen well Also when a potent serum 1s made to diffuse fo-
wards a diluted antigen, the hne does not migrate mto the serum well

Polysaccharide A has been purified by column chromatography by
Haulenes and analyzed 1n detasl (15, 7 -13) 1t has been shown to be an
N-icetyIglucosanminyl-ribitol phosphate polymer hinked to a smaller
polypeptide moiets The reactinaty on ring test precipitation with un-
diluted whole scrum was 1 4 X 10¢ This specific hne was of great
value 1n addition te ring tost precaipitation in follow ing the purification
of polysaccharide A

It was shown (14) that teichoie acid from the walls of Staph aurens
ofrain H and polysiccharide A have identical scrological reactivits
When examined by ring test precipitation agunst 2 potent Sl"l"'l
anreus immune serum both preparations reacted to the same bire, ane

syrecipitation they gave bands of wdcntical strength and appear-
on agar | pria f1d turc of the two
ance showing a “reaction of 1¢ entity  Although the structu .
substances 1s very sumilar, there are interesting differences hI) fmv:(llr:r
of which 1t can he shown that certain groups are not essental for

g 4 to detcrmne the
al reactiaty Investigrtions are m progress n
wm}gi:z;ll\ actiye groupng So far it seems to he the g linked N-acefyi-
Sero! 3 2
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ghicosaminyl-mibstol resudues m - the fibitol-phosphate polymer which
determine {he specihicit

Pol;sacchandl:- A \\ai found n all of our 13 type strams and has
furtber been demonstrated 10 each of 100 routine Staph aureus strags
exammed In three of these strans the amount of polssaccharide A
was small and could be demonstrated only by abserption procedurss
Thus polysaccharide A 15 a characterstic wall antigen 1t Staph anretts
strams However, this anhigen has also heen demonstrated in small
amounts with another group carbohydrate 1 some strains of Staph
eprdermidis Investigations are i progress on the polysacchande anhi-
gens of Staph eprdersudis (Losnegard & Qeding, 1 press)

Polysacchande A 1s probahly a weak agglutinogen and 1 pol the
cause of the strong cross agglutinations between strains of Staph
aurens 10 non-absorhed rabbit immune sera (12)

Anligen A (Jensen) Line

This hne was first deseribed by Jensen (17, 18), and has later heen
discussed 1 several papers (24, 3, 4, 19, 20)

Reference system  Cowan I whole bacteria, extracts of crushed or
whole hactesia, and more or less punified antsgen A material «ill al}
fne a distinct antigen A hne with undiluted nermal human serum
Stramn Cowan I 1+ recommended because of 1ts high content of antigen
A Conan { rabhit immune serum also gies lines with other anhigens
present in Cowan I bacteria or «xtracts Antigen A has not been pro-
duced 1n a pure state and to get the antigen A Ime only, normal human
serum should be used A facter serum against antigen A has not heen
produced

The serological pattern of strain Cowan 11s am and the phage pattern
32924180

The antigen A (Jensen) hine appears after one of two dass as a well
delined and strong line situated midway between the serum and the
antigen wells Its posstion n relation to the polysaccharide A Ime and
the n line 1n the 1503 sy stem s allustrated 1n Fig 1

Our iy ostigattons have shown that in the Cowan I y3stem two haes
deselop regufarly n the area of the anbigen A lne The line on the
antigen well sidc gives a “reaction of identity” with the antigen A line
obtamed with normal human serum The hne on the serum well side
Tepresents nother anligen present yn the partly panficd anhigen A ex-
tract from stryn Cowan I This antigen was also found 1n some of the
“ther tspe stramns and ats distributson correlated completely with one
of our a factors (az) hut absorphion expeniments did not confirm the
identis Jens n et al 120) demonstrated the Rresence 1n extract 4 of
two antigens in addition 1o antigen 3 The hne on the serum well syde
Aemonstrated by ws in extract A prepared according to Jensen {17, 18}
s appareatly not identical to either of the two new antigens of .h"nun
el al and seems to be a fourth antigen
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Antigen A was reported by Jensen (17, 18) to be present in 73 out
of 97 Staph aureus strains when examimed by agglutination, whereas
only 23 of the strains gave an antigen A line This indicated that a
strain had to be relatively rich 1in antigen A to give the precipitation
lime Our vestigations have, however, shown that all the 13 type
strains, except Wood 46, and ncarly all the routine strans of Staph
aurens examined, gave an antigen A hine Antigen A 1s thus a group
antigen present in nearly all strains of Staph aureus, but the demon-
stration of the hine depends upon the technique, e g the use of absorp-
tion when the amount of the antigen 1s small Antigen A has not been
found in strains of Steph epidermdis (17, 18)

Jensen (17, 18) reporiced that antibodies to antigen A were present
mn all normal human sera, but only 1n some of the normal rabhit sera
cxamined This has been confirmed by Cohen et al (3,4) and by us
(unpubhshed data) Jensen also found that the agglutinating property
of normal human sera was due to the same anttbody that produced the
antigen A line Colten et al (personal communication) made the mn-
teresting observation that the anfibodies to antigen A were present 1t
8-month-old, but not i 2-month-old germ free mice The authors also
examned the agglutinating capacity of varous anumal sera and found
evidence that antigen A 15 not an agglutinogen If this 15 correet, 1t 15
not possible to check for antigen A activaty by agglulmmation fests

According to Jensen (17, 18) antigen A 1s probably a polysacchartde
present on the surface of Staph aureus It has a toxic effect on 1solated
1leum from normal guinea pigs

Ixammnmg a large number of sera from healthy persons, Jensen
(18, 19) demonstrated other lines 1n addition to the antigen A lne m
some of them Altogether 8 lines, including the antigen A hine could
be distinguished using dafferent strains of Staph aureus It can not he
decided whether any of these hines correspond to lines deseribed by us
(polysacchanide A hne, n line, t line, ¢ hine) It s obnigusly of great
nterest to hnow more ahout the antibodies ngainst Staph aureus oc-
curring n sera from healthy persons and patients, and the gel preer-
pitatron technique seems to be well suited for such mveshigations The
Iines observed should be compared to known lines, using the appropri-

ate reference systems

Lines wn Cowan Types 1,1 and 11T

Of the antigens described above Cowan type struns I, 11 and HI all
have polysaccharide A and antigen A (Jensen) and give the corres:
hines Stramn Cowan III gives the n band mn addition
et al (3) described what appeared to be a type specifie Tinc
Cowan type strams They werc all strong hincs
18 1o 30 hours We have tried to reproduce these
are them with those deseribed by us In our ex-

ponding

Cohen
mn each of the three
which appeared after
Dbnes n order to comp
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periments whole bacteria or saline suspensions of crushed hacteria
were put up agamnst the corresponding whole sera

In the Conan I system Cohen et al described a line, close to the
serum well which was not found 1n the Cowan II or 111 sirains The
position of this line indicates that 1t 1s 1dentical to the polvsaccharide
\hine Colten et al did not observe the hine in the Cowan Il or Cowan 1L
strams This may be due to the rapid migration of polysacchande A n
the agar with displacement of the line into the serum well If the
peculianities of the polysaccharide A line are not known, it may etsily
be overlooked, and the line, when observed 1n some strains, may give
the impression of representing a specific antigen

In the Conan 11 svstem Cohen ef al described a hine which they de-
signaled antigen IV Thits line was strong, situated between the antigen
A (Jensen} Iine and the serum well, and was not produced by stramns
Cowan 1 or I, but by a number of other stramns The antigen respon
sthle for this line was found to be heat stable and was not preciptated
at pH3 These charactenstics are stmlar to those of polysaccharide A
The line observed 1n the Cowan I system may be 1dentical to that found
in the Cowan I system as different contents of antibody 11 the two sera
and of antigen 1n the cells may alter the conditions for detecting the
line

In recent expeniments we have not been able to detect lines other
than the polysaccharide A hine which might correspond to the antigen
I line However 1 earlier expertments a strong Line resembling the
antigen IV line was observed 1n Cowan IT bacteria but not in Cowan 1,
Cowan 111 or other type strains This Iine corresponded very well to
e major agglutinogen of strain Cowan 11, Cowan faclor 3 (Haulkeres,
unpublished data) This factor seems, howeser to be relatively infre-
Quent, whereas antigen IV appears to be common The question whether
the antigen 1V of (ohen ef al 15 1dentical to the polysacchanide A hne
of duc to an antigen charactenistic of Cowan type 11 eg Cowan factor
3 must await further investigations

In the Cowan 111 svstem Cohen eof al have described a double preci-
Platien hine close 1o the serum well which was not observed 1n the
Cowan § or Cowan 11 strans This line cannot be the n line which 15
found neas the antigen well We have not observed any Line w the
Cowan 11 «vstem which could be the double hne of Cohen et al

Our difficully 10 reproduerng and recognizing the hines described
I Lo et i e gra ity dae to differenees 1n anfigens, antisera and
techmque ¢ g 1n the concentraben of agar which was only 0 8 per cent
In Cobien et 3l < experiments w companson 10 15 per cent a0 ours

However 1t should he noted that all of the three lines described by
Ilht se wuthors are situated near the serum well and may eseape detec-
10n
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Lines in Normal Rabbit Serum

Cohen et al (3, 4) described a characteristic precipitation line oc-
curring when cxiracls of crushed Cowan type I and IIT cells but not
of Cowan II cells, diffused agamst sera from normal rabts This line
occurred about mdway between the serum and antigen wells, was thin,
and weaher than most hines observed with mmmune serum The anti-
body was demonstrated in the sera of 36 non-immunized specifie-patho-
gen-free rabbits examined In non-tmmunized rabints from a commer-
c1al source the line was demonstrated, together with other hines The
line was not 1dentical with the antigen A hne, which docs not normally
oceur m rabbits Cowan type I bactcria were agglutinated by norm
rabtt sera in contrast to Cowan type I and III bactenia Absorphion
cxperiments showed that the precipitating and agglutinating antibodics
were different

Our attempts to demonstrate this normal rablnt serum hne have not
been successful In one series of experiments a lme, similar to tht
deseribed by Cohen el al, was observed in three normal and one -
munized rabint against an extract of Cowan I bacteria Howver, the
hine could not be reproduccd in later experiments, cven with the sera
which had previously shown the hine The failure to produce the normil
rabit line may be due to different colonies of rabhts and to the method
used for the production of bactenal cxtracts According to Cohen {(per-
sonal communication} this antibody has also becn demonstrated n
normal mice, hamstcrs, guinea gy, and humans The antigen has been
<hown to be truly staphylococceal

Reference systum  Normal rabbit serum, priferably from pathogen-
free animals, 15 diffused agamnst an cxtract of Cowan I or Cowan III
cells prepared m the following way (Cohen, person 1l commumication)
The cells are grown m heart infusion broth (Difeo) and washed with
distilled water One X 101 or 1 X 101- ¢clls suspended 1n phosplmlc
buffered sahine at pH 7 2 are erushed m the cold The antigen 15 present
1n the supcrnate after centrifugation at 10 000 X g for 1 hir, s nussing
from mory dilute disitegrites, and 1s difficult to prepre

Toxin Lines

When extracts of Staph aurens strams are ¢xamincd by the gel pre-
cipitation techmque, not only bacterial antigens, but also toxins, M l;‘-
produce lines On the other hand, when working with a toxin, the J1
ce of hines due to bicterial antigens must be taken mnto mnwh‘-
ration Particular mterest has heen pad to the locahzation of In'll:;
correspondmg to the enterotoxn (26, 1), to lcucocidin (28}, .m(ll(:) the
«wtoun (6, 27, 25, 2, 23) \s lines occurring  the e-toxin-an l(: "
wvetem are likely to be found m preeipitition systams consisting o
\\.holc Dbacterna or extracts and antibacterind scra, some expt ricnee
the e-toxin system W 11t be reported herc

pearan
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When growing staphylococe: (B) or Wood 46 toxins (27, 25) dquffuse
rgainst commercial staphylocoecus a-antitoxn, muluple precipiation
wes appear Stern & Elek (25) found that one strong Iine, which was
ot present 1m A system of non-hacmolyhic endoplasm and antitoxn,
was probably the e haemolysm hne Our myestigations (23) 1ndicated
that among the precipitation lines of the Wood 16 toxin-antitoxin sy-
stem, two complex bands consisting of at least five distinct components
were due to touns The corresponding anhibodics were not demon-
straled 1n antibacterial rabbit immune sera The band closest to the
lottn well was found to be associated with a-haemolysis This band
conmister of two closely situated lines, of which the weahest, which was
next to the anbitoxin well, was found by ammomum sulphate fractiona-
tion to correspond fo the « toun Suatlac results were reached simul-
Laneously by Butler (2) on ethanol fractionation of staphslococeal a-
loun

Commercial a antitoxin was shown (24) to contan antibodies to at
seast four additional substances aceording te the precipitation fines ob-
served Crude or partially punified Wood 46 towin had at least two
additional substances whose antibodies were not found 1 commercial
attowun Corresponding hines were found when antibactenal immune
sera diffused against growing staphylococer, and the substances respon-
sible for these lines are appacently hacterwal group antigens not wden
eal to carbohydrate A of antigen A (Jensen)

DISCLSSION

Imestigations have shown that multiple hines occur on agar pre-
apifation when extracts of Slaph anreus diffuse against rabbit immune
sera produced against formabin-killed staphylococes This confirms the
mlormation obtaned from shide agglulination, that the antgenic equip-
ment of Staph aurens 1 very complex hnowledge of the identity of
some of these hines 15 slow!y accumulating and 1t ts umportant that
wolatud observations are correlated, and that the hines and the spb-
shinces responsible for them are given adequate designations The main
Purpose of the present paper has therefore been to review the hiterature
on tgar preespilation lines i Staph aureus systems and to describe
lines which have beun relatively well defined

1t 1s undoubledly of great importance and advantage when using
the agar precipstion inethod on Staph aureus, to base nsestigations
on substinces which are already partalls hnown through other actys)-
ties ¢ g aggiulinating power, enzymatic actints, or totie property Not
s can more formation ahout the substances n question be oh-

taned i thus W but the sdoptifieation of the corresponding line will
also redued the number of unknown hines and facihtate their identifica-
agplutinogens deseribed by s, three ean be recopnized as easily re-
tion Ourinscstigations hve shown that of the “specific” Staph aureus

I
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producible and charactenistic Itnes on agar precipitation There may
be several reasons why the other known agglutinogens have not heen
observed as precipitation lines

There are two main conditions necessary for the production of pre-
cipitation hines First, the antigen should be present 1n a soluble state,
1e the agglutinogen has to be released from 1ts possible attachment to
the cell wall 1n a soluble form Second, the agar precipitation method
requires higher concentrations of the antigen and the antibody than
most other serological reactions Our obseryvations with polysacchande
A (13) showed that the polysaccharide was released from the cell wall
as a result of enzyme-autolysts of the wall When the enzyme was heat
inactivated, no polysaccharide A hine was obtained with whole or
crushed bacteria It 1s reasonable to believe that, in most cases, the
mere suspension of intact or disintegrated bhacterta in saline or a buffer
15 nadequate for the hberation of the agglutinogens

1t 1s more uncertam whether our factors are too weak for the pro
duction of preeipitation lines Thus the n factor serum agglutmates
stram 1503 to a dilution of 1 1n 50 or 1 1n 100 and y1elds a distinct line,
whereas some other sera with agglutination titres up to 1:n 500 or 110
1,000 gine no Ime In future work n this field, therefore, more stress
should be laid upon the use of other extraction methods n order to
rclease the agglutimogens in a soluble form

The agar precipitatton method has already grven nmportant eontribu-
tions to our knowledge of Slaph auiens antigens and antibodies The
method has given new data on antigens already recorded by other
methods, and also revealed antigens and antibodies not described pre-
viously, and thereby stimulated research n thas freld A great advantage
15 ats ability to distingmish different antigen-antibody systems present
in a complex substance When working on the purification of antigens,
the method 1s very valuable 1n that it gives information about quantita-
tive variations n the antigen and on the presence of serologically active
impurities Duc to the high speaificity of agar precipitation, mnor
molecular changes i an anfigen, eg depoly merization or removal of
Jabile groups, or nunor variations 1n the antibody may result 1n a new
line showing only partial or no coalescence with the origimal one Such
findings may give important information as to the group responsthle
for the serological activity of a substance However, the high specificity
also makes 1if dufficult to decide whether each line represents a single
antigen or has been produced through minor modifications n antigest
or antibody It 15, however, 1n our opinton, not hikely that the agar l""’l'_
cipitation method will be suttable for the routine serologreal typing ©
staphylococct The technique 1s more time consuming, and more ¢~

sitnve to variations i antigen and antibody content than shde agglt
tination
1t would be of great advantage 1f workers who obserye hnes 1n Staph

anretts systems excluded the possibiity that they may be 1dentical to
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previously described lines before publishing therr rc:‘ulls ‘In z‘;tuf:;
perience finve of the Siaph anreus lines are so wel} charac enzr hat
there should be no difficulty 1n recognrzing them provided the refere
sistem and the experimental conditions required for each are main-
tamed One or more of these lines will undoubtedly be among the hnes
oceurring on the plates when working with Staph aureus systems
Other nes which have been described may be more difficult to pro-
duce, probably because the corresponding antibodies 0 immune sera
and normal sera from ammmals are too weak Individual vanations
ameng the rabluts 1n the antibody response to staphylococeal matenals
have also to be taken into consideration The selection of suitable
strams for immunization will probably reduce this difficults

SUMMARY

Agar precipitation hines corresponding to agglufinogens b1 and noof
Staph aureus hayve been described A line corrcspundmgulo the n ag-
glutinogen has heen described earlier Thus three of the “speaific’ ag
glubinogens used n our shde agglutination typing system have been
recognized on agar precipitation Two group antigens of Staph aureus,
polssaccharide 4 and antigen A (Jensen), are also easily recogmzed by
characteristic agar Iines Additional hines described 1 immune sera and
normal sera are discussed

Reference svstems and the charactenisties of the lines are described
1115 hoped that this walt help other worhers to 1dentify their hnes
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ANTIBODY RESPONSE TO
PRIMARY TETANUS VACCINATION IN PATIENTS UNDER
PROLONGED ANTICOAGULANT THERAPY
By
Bo Braerusp Enik ADLERcReUTZ and PEKRA Harones
Recenved 1X 62

The stte of antit ody formation 1s not regarded as defimitely estab
lished (4) But st 1s clear that a vanety of cells 1n the general lymphord
tissue grouj can wbate the production of antibodies Likewise the
rettculo endothelnil system (RES) 1s imvolied 1n antibody formation
Lal clled antigens have ! een found in the reticulo endothelial cells and
by the fluorescence technique antibody complexes hasve been detected in
hup Ifer s cells in the Inver indicating an area of antibody formation (3)

In addition to antibody format on the functions of the retrculo endo-
thelinl system snclude the ea) acity of { hagoes tosing foreign bodies and
he capacity of synthesizing clotting factors Various imvestigators have
sh wn that | rocomvertin and | rothromlin at any rate are synthesized
mihe RIS (6 11 8 13 7 12) Slalis for instance rej orted a marhed
drerease of these clotting factors 1n the jlasma after blockade of the
fehiculo-endothelial ssstem in rats with Thorotrast Of the RFS 70 to
9 per cent are situated 1 the hner (hupffer s cells)

1115 now generally apreed that four clotting factors are influenced by
¢ administration of coumarnin drugs namels prothrombin procon
vertin factor IN nd factor N The site of genesis of the last mentioned
1o faclars has not been defimitely estal ished Proconsertin and pro-
tromhin arc formed in the RES Thus treatment with dicoumarol

¥ rnabives affccts i part atleast the capacity of the RE'S of synthe
sizing clodting fetors
wi
cel - Lu iy, tadence has been produced to the

{1 ct that | relonged treatment with dicoumarol or [ henindione causes
mrmaneantanjun to the iver (10 2 5) Oplv a few cases of obscure
paundice and sentina\ cscions compheaing Phenmaane s

T 5) B contrast Frefland & Jacobsen (5} ob
served hepahiis an o strikanghy large number of phemindione treated
e 31
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telanus antitoxia (WHO Statens Serurmmmstitut Copenhagen Denmark) was included
in each test

RESULTS

The tetanus antitoxin responses in the group of patients recenmng
anticoagulant therapy and in the control group are shown n Table 1
Although the mean antitoxan values were shightly higher n the control
group than 11 the group of pahients recening anticoagulant theraps,
the difference s not significant Of the 5 patients who had less than
003 unuts mi after vaccination, 3 were controls

TABIE 1

The Tefanus Aptitoxin Responses tn the Group Recewng Antievagulant Therapy

and in the Conirol Group Both Groups Were Immum=ed with two 5 Lf Doses of
1dsorbed Tetanus Tozord

| | Ané tonan unfts mi

Nm o ——— —

( roup er Anth- Ceo-

feste £ om{ oz | o1 03 to menc I meine

mean | mean

Antic agulant 23 2 & 310 2 6218 0114

ntro) 26 3 5 10 5 1 0221 0098
In the ant, I group the d of responses was the same

irrespeetine of the duration of the anticoagulant therapy (These pa-
tients had recenved anticoagulant therapy for periods varying hetween
one month and 5 years)

The tetanys anbitoxin responses i the group of patients recewing
propylhydroxy coumarin seemed to be somewhat higher than the anti-
toin responses of the other patients, who were grven phemindione The
series 15 too sinall howeser to allow of statystical comparisons betw een

the antitoxin responses of the phenipropsthy droxycoumarin- and the
1henindione treated patients

DISCLSSIoN

The present study showed that the antitoxin responses to prunary
letanus vaceination of patients on pralonged anticoagulant therapy
were the same s of the controls N\o other definte conclusions are
“arrnted bowever The results cannot be nterpreted as evidence m
favour of e view thatl prolonged anticoagulant therapy does not affect
the antibods response n the RES since antihodies are also formed n
the general lvmphoid tissue group, which Probably 15 not affected by
anlicorgulint theripy s enrls as 1949, Oakley, Warrack & Batty (9.)
demonstrated in ammsl experaments that antitoxin mas be produced in
the lymph glands draming the aren mjected with Aiphiena or tetanus
APT In the present study tetanus vaeepne W8 injected subeutancousih
o the arm - Henee 1t 15 passible thay anbibody formation 1n part, at
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patients These authors stated that the chnieal prcture as a rule wais
mdicative of virus hepatiis and suggested that the disease wis due to
infection mcurred 1n conneetion with the withdrawal of venous blood

The question arises whether the high mctdence of virus hepatitis in
patients on long-term phenindione therapy reported by Fretland &
Jacobsen 1« duc to the fact only that these patienis are more exposed
than others to infection owing to the mode of sample-taking or, whether
anticoagulant treatment possibly lowers the resistance of the lnver to
infection by mnterfering wath the phagocy tosing function of the reticulo-
endothehal system

In order to throw Light on this problem Adlercreutz ef al (1) ad-
ministered colloidal Aut®® mntravenously to patients i prolonged anti-
coagulant therapy They found that the uptake in the liner often was
poorer 1 the anticoagulant-treated patients than in the controls The
uptake 1 the RIS n the hner was particularly poor n patients who
had recerved anticoagulant therapy for more than twe months The
uptake returned to normal after the completion of anticoagutnt
therapy The results reported by Adlercrcutz et al seem to mdicate that
long-term anticongulant therapy affects the phagocytosing capraty
of the RCS

Since the RES 1s imvolved in antibody formation 1t may be assumed
that anticoagulant therapy, which afficts the capaeity of formmng
clotting factors and the phagocytosing capacity of this system, also
affects antibody formation The present study was undertaken mn order
to nvestigate the antibody response to prumary tetanus vaceination n
paticnts on long-term anticoagulamt therapy

MATFRIAL AND MIITHODS

The patients The series consisted of 28 patients with cardiovaseular disorders
recen ing continuous anticoagulant therapy and frequenthy visiting the Outpatients
(linie of the Marta Hospital Thev had not previoushy been vacemnated agamst
tetanus

The anticoagulants nsed were phenindione (Trombasol) 1n 21 cases and phe
props Thy droxscoumarin (Marcoumar) in 7 cases the avcrage dose bewn 870 mi
(phenindione) and 277 mg (phenvlpropylhydroxycoumarin) ' The patients were
from 36 to 77 vears (ld the mean age being 54 vears Maost of the patien
history of previous coronars veclusion

The control scries consisted of 26 patients frequently visiing the Outpatients
Chimse They had various cardicvascular and other disorders but a negative h«slnr\s
of anticoagulant theraps and tetanus vaccination These patients were from 37 to
years old the mean age bemng 55 ycars
Y acctnation Both groups recenved two doses of 05 ml (5 1)2 of
toxoid adsorbed m; nlum-lx:mm phosphate (Tetanus Vacane Orion) subcutan

al of 4 weehs
* I.‘?‘]‘u‘:':‘n::r::nliloml specimens wcre taken befare vacanatien and two weehs after
the sccond vacemation The scra ware stored at  23° ¢ until the antitoxin deter

m. ons were carried out
anati
e mdnidual scra were bitrated for tetanus

antitoxin In mice weighing 18-20 grams at the level «f 001 units/ml Sta

nvl

ts had a

purified tetanus
couslt

P-P time (Owren) w15 293

1 The mean
B floccutation units

251f=5



FROM THE DFPARTMENT OF CLINICAL BACTERIOLOGY UNIVERSITY OF LLYD
GENERAI HOSPITAL MALMO SWEDEN

“NORMAL” VALUES OF ANTISTREPTOLYSIN
AND ANTISTAPHYLOLYSIN TITRES AS STUDIED OVER
41, YEARS IN THE SERA OF HEALTHY BLOQD DONORS
By

Ra6NAR INGESTAD and STEN WinBLAD
Recened 31x62

Current serofogical methods have made 1t possible to assay quantita-
tusely the group specific, and consequently not type-specific, antibodies
antistreptolysin (AST) and ant: alpha toxin (antistaphylolysio, ASta)
when they are present 1n titres lower than those seen 1n connection with
clinieal mfections with haemolytic streptococer or yellow staphylococer
Stnce exposure to these bacteria 1s nol infrequent, measurable amounts
of antibodies agunst them may be found even 1n healthy mndnidaals
1t 1s obvioush important to determme the titres sn a healthy popula-
lian as these form the basis on which to decide which ones of the titres
are to be regarded as ‘elevate  and thus mdicate of present or recent
mlection with haemolstic streptococer or yellows staphslococer In
fegard to AST both halbak and Winblad, who first studied these ant-
hodtes 1n Seandinavia considered AST titres aboye 200 units as indica
tive of fairly recent contact with, sf not actually present, hacmolytic
streptococer This himit vatve was caleulated with due regard to the
titres found 1n healthy smdniduals As for the ASta titre, early mvesh-
Faltons proved that values amounting to 2 IU ml oceurred so often
ety subjects that only litres above this level might be taken as
possible signs of staphilococeal mfections of any importance

Swce then AST values in healthy persons have been extensnely
studied by various worker< (3 8 10-12 17 18) As early as 1933,
(oburn & Paplt (1) found that i US4 healthy Deople showed geo-
£rphical AST vanations the hitre dimmishing from north to south

b 1949 Schone & Steen (11, 18) presented a study comprising more
than 500 beatths Norsegian blood donors Neither AST nor ASta were
found 1o v 1y with sex or age In 85 per cent of the examined subjeets

AST was less than 200 and ASta less thap 28 IUmM! An ASta of more
than 35 1L ml w s extremely tare In this examinabion of a Presumahly
normal Norwegian populihion positive correlation was found between
2 high AST fitre and the presence of haemolyt ¢ streptococer 1n the

835
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least, took place mn the lymph glands, without imvolving the whole of
the reticulo-endothehal system

The purpose of the present study was to inveshigate the antibody
response during prolonged anticoagulant therapy The results are not
directly comparable with those of Adlercrentz et al, who studied the
phagocytosing capacity of the RES and observed that 1t was impured
during long-term anticoagulant treatment

1t should be emphasized that from a functional standpont the RE S
1s not a static system, but undergoes considerable variations under
vartous conditions of irritation This 1s a factor rendering more difficult
the evaluation of the results of tolerance tests on the RES, eg n the
form of tetanus vaccmabion during anticoagulant therapy

SUMMARY

The antibody response to subcutaneous primary tetanus vaccination
was investigated m a series of 28 patients with cardiovascular disorders
recenving Jong-term anticongulant therapy 1 the form of phenindione
or pheny lpropy lhy droxycoumarin and 1n a control group of 26 patients
with cardiovascular and other disorders Although the mean values
were shghtly lugher in the control group than n the group recening
anticoagulant therapy, the difference 15 not sigmficant

Within the anticoagulant group the dispersion of the antitoxin
responses was the same srrespectine of the duration of anticoagulint
therapy gnen pnor to tetanus vaceination
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AND ANTISTAPHYLOLYSIN TITRES AS STUDIED OVER
11}, YEARS IN THE SERA OF HEALTHY BLOOD DONORS

By
RAGNAR INGESTAD 9nd STEN WiNBLAD
Recened 31x 62

Current serological methods have made 1t possible to assay quantita-
tinely the group specifie, and consequently not type specific, antihodies
anbistreptolysin {AST) and anti alpha toxin (antistaphylolysin, ASta)
when they are present m titres lower than those seen 1n connection with
chimical infections with haemoly tie streptococer or yellow staphylococer
Sinee exposure 10 these hactenia 1s not infrequent, measurable amounts
of antihodies against them may be found even 1 healthy indiiduals
It 15 obviously ymportant to determuine the titres 1 a healthy popula-
tton as these form the basis on which to decide which ones of the titres
are {0 he regarded as “elesate  and thus indicate of present or recent
mfection with haemolytic streptococct or yellow staphsloceces In
regard to AST, both Aalbak and Winblad who first studied these ant
bodies 1n Seandinavin considered AST titres ahose 200 units as ndica-
ne of Taifly recent contact with, if not actually present, haemolylic
streptococer This himit value was calenlated with due regard to the
titres found 1 healthy indiniduals As for the ASta titre, early inyvesti-
Rations proved that values amounting to 2 1U m! oceurred so often 1n
healthy subjects that only titres above this level might be taken as
possible sigas of staphilacoceal ifections of any importance

Simee then AST snlues in healthy persons have been extensively
Mudied Iy sarious workers (3 8 10-12, 17-18) As carly as 1935,
foburn & Pautt (4) found that i USA healthy people showed geo-
graphical AST vanntions the titre diminishing from north to south

In 1930 Schone & Steen {11, 16) presented 4 studs comprising more
thin 500 healthy Norwegan blood donors Netther AST nor ASta were
found to v ary with sex ot age In 93 per cent of the examined subjects
AST was Tess thin 200 2nd ASta less than 2 & Wismd An ASAa of more
than 35 IU ml was extremely rare In this examination of a presymably
nermal Norwegian population posiiine correlation was found betw cen
A high AST fure and the presence of haemolv! ¢ streptococer m the
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nose and throat, and correspondingly, between a lugh ASta titre and
the presence of yellow staphylococer 1n the nose and throat

Kohler (8) n 1958 examined 600 inhabitants of Northern Germany
who did not suffer from any streptococcal discase The mean AST value
was ndependent of age up to sixty years, and apparently unrelaied to
sex and seasons of the year

On the basis of an und:fferentiated pathological matenal, Seifert
(13-15) studied AST titre vanations as to age, sex, geographeal Iate-
tude, and time of the year On the basis of 38,214 examinations he con-
cluded that the AST titre reaches a maximum at the age of 6-10 years
and gradually dimimishes in later hfe By means of 46,632 examiations,
Seifert could further demonstrate that AST titres were lowest
southern regions ‘This observation 1s supported by the fact that Italin
mvestigators (1, 3, 5, 12) have reported strikingly low mean values of
AST AST mvestigations on 164,438 indinaduals (67,893 men and 64,453
women) undertaken n the years 1956-59 showed AST titres to reach
thetr maximum tn the witer The mverage value was higher for men
than for women

1t scems desirable, for the reasons stated above, to myestigate for
several years the titres of the two antibodies i healthy subjects, in this
case blood donors, with special regard to scasonal vanation These
examinations were performed in one taboratory, the same working staff
and techmque bemng used throughout, as well as the same antitoxic
standard to eshmate the respectnve sirength of streplolysm and staphy-
tolysm Under these conditions the results obtamned should be of con-
siderable reliability

MATFRIALI AND MFTHODS

The AST and ASta examnations have been made during 1957-1961 on 1422 sub
sectively healthy persons (blood donars) lining in Malmo Sweden Their age and sex

distrihutions are given n Table 1

TABIF 1
Apr anid Sex Mstribution

Age \fen Women
% \ %
20 3 26 ] 25
2<() 24 116 98 28 18
25 29 204 172 1 139
30 31 244 206 12 176
35-39 216 182 1€ 193
10 14 189 160 3 43
45 49 14 96 3t 170
50-54 46 19 15 63
55 59 16 14 2 08
60 84 8 07 1 04
1184 1000 238 9299

Median 34 vcears 16 vears



457

Iu order o he accepted as a blood donar the applicant 15 subjected to Hb, ESR
Wassermann and puimenars N ray exarmnations the first three of these procedures
are repested at each blood donation The AST and ASta cxamnations have been
made mamh on sera withdrawn for such procedures 2046 AST, and 778 ASta
analsses have been carmed out, and as a consequence some of the donors have, by
chasce been analyzed more than once during the relevant 5 year period

Antistreptolysin reaction Streptolysin from a broth culture of the S 34 stram 1s
used The broth for streptalysin production 1 made on ot heart with 2 per cent
peptone 02 per cent glucnse, 02 per cent NaHCO3 and 01 per cent \asHPOy with
pH adjusted to 80 The streptolysin broth 1s centrifuged and filtered through a
Sete fiter The amount of streptolvsin units 1s detertnined by titration against
standard serum after ion by a 04 per cent sodum pyro-
sulphite solution The standard antistreptolysin glnbulin 3s obtamned from the
Danssh State Serum Institute of Copenhagen

A swtable amount of streptolysin broth containing 1 umit/m! 18 reduced by a 04
Per cent <odium pirosulphite solution The patient s serum 1s diluled With normal
saline 1n small tubes to a total velume of 1 ml per tube and 15 ymactivated 03 ml

‘ bation of this mixture in a 37°C

t suspension of sheep erythrocytes

. C for 30 mmutes and allowed to
. amaount of hactmols sis15 determined

umits present 1s derrved from the

LTI
number of streptolysin units inactiated
W4 reaction ph 1 toxin 1s obtained from the State

, 44 sutiier ancubation for | hour at 37° (. followed by overnight meubatian at
4°C. the amount of antstoxin unils Which has been neutralized 15 determined

Stalistical analysts Owing to the uneven distributjons and the properties of the
;(Ik! s . + atistical ana-
';\IA o C  nal aid with

ese cu . . the common
medtar .

Lues g UL yes

LS
Xe N N (05 - Fip2
et ,:| Fu

RESUITS

Distribution of fitre values 633 per cent of all the observed AST
Litres were below 200 units, and 813 per cent below 300 umts Titres
equal to or above 300 antistreplolysin units are consequently en-
counlered 1n 18 7 per cent of the cases )

Corrcspondingly, 58 H per cent of the ASta titres of the examined sera
were below 20 units, and 790 per eent helow 3 0 antistaphylolysin
Loty sdick keases M jxc cent ot or ahone 30

Wonthly and early varations of Litre values Tabl
the results of the AST analyses after they have been a
(ul month and vear and also show the
when thus arranged and when tahen g
:u;n\huf u“lv \\’ll' mn;‘ are .umm&.?‘.: ;;:;:l: :\r::r;crlzznl:::l:::]:;
“hich are based on the paore
sent AST values equil lnlnr a‘!‘l‘\?gn‘(])l;gl:,"l;lmn aohoe ralues, fepre-

and 200 1U ml respectively

es 2 and 3 <how
rranged accordig
medins of the matenal both
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s 200 1w/l

v
5 300 19/m

Jon  Febr March Aprl Moy June july Aug Sept Oct Nov Dec
Fig t
AST titres seasonal sariation

It 15 clear from this figure that during the period from February to
July there 1s a platean of comparatively high AST values, followed by
a dechne with a mimmum 1n November after which there 1s an increase
until February This general trend repeats itself each year but 1t s hest
secn from a representation of the whole material where cach month 1s
taken separately When the medians of the AST values of the years
1957-1961 are compnred, there 1s no sigmficant difference from one
sear to another The distrthution of AST titres m healthy subjects
scems 1o be largely the same during all the years under inveshigahion

A similar analysis of the ASta values during a 5-year-period yielded

% Aste
50

5 20 IU/ml

1957 1958 1959 1950 1951
Fig 2
ASta titres varations from 1957-1961
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The constant yearly AST medians of each of the five years are good
evidence of the likewise constant methodological conditions More 1m
direct proof of the reliabihity of the AST technrque used 1 furmished
by the chnteal observation that during this five-year-period there has
been no increase of nfections caused by hacmolytic streptococer
wither

The ASta titres, on the other hand, did not change significantly with
the time of the year If Staphylococcus aureus does play a réle, whether
primary or secondary, wt the ongin of the so called fammly infections
(s influence 15 not appreciably reflected 1n the ASta titre curves

It must be emphasized however, that the antistaphylolysin titre me-
dians obtaned from {his population are by no means continously on
the same level, on the contrary, they ncrease gradually from 1957-
1961 This increase 1s paratleled by the growing frequency of infechons
with Staphylococeus aureus which has been demonstrated especially 1n
Tospital wards during the relesant period These observations also re-
flect the wide spread interest 1n imfections of this kind which has cha-
raclenized these last five years Research 1n this field has shown con-
¢lusively that these fections are caused by stramns that have been se-
lected by being resistant to pentcillim It 15 obviously a matter of some
dificults to establish whether infections with Staphjlococcus aureus
are more {requent now than hefore The anly supplementary proof of
this has been found 1n large blood culture materals e g at the Damish
“tate Serum Institute where Staphylocoecus aureus has passed from
anon dominating to a clearly domiating position This might indicate
that infections with Staphylococeus aureus are more common todav
than they used to be Such a development would explain satisfactonly
the steady rise of the antibody htres from 1937 to 1961 in “healthsy”
tlood donors as they would then be more often cxposed to pathogenie
Staphylococcus wrcus Furthermore, the possibitity that selected sta
fhalococer may have acquired a greater pathogenicity should not be
fotally disregarded since such strawns might produce stronger antibody
fesponses i

Previous investigitions have shown that basal carriers of Staphylo-
occus aurcus generally Bave higher ASta titres than non carriecs
\Packalen & Bergquist, %) At the onset of the present mvestigation the
frequency of such carritrs among the blood donors seemed more or
less unrelated to the motter atissue, ang was not loohed anto As thangs
furned ont Ahis proved an unfortunate oversight which hardiy could
:n:c been mowdcd howaser i view of the orginal asm of this worl,

ouline control cxaminalion of ASta The presence of an mereased
Rumber of ¢ irners of staphylococet 1 these years would mply a mcc.
Wise ancreased exposure to Saphylotoccus aureus A new imy c;lxgaixon

of “norm 1l ASta titres in & few years' gy,
me and in th
cal reguon <hould throw furthes Light on thus \m‘)')‘cﬂv same geograph;
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the results prescnted in Tables 4 and 5 and 1 graphieal form m Fig 2
As opposed to AST, the ASta titres do not vary appreeiibly with the
time of the year It 1s true that i October, January, February, and
March the mean yvalue is higher than the one oceurring during the rest
of the year, but sinee the difference 1s not significant 1t may well be
accidental On the other hand, there 1s a striking increase of high ASia
percentage from 1957 to 1961

In view of the fact that one international standard was used through-
out, the observation that AST values change significantly wath the time
of the year, and ASta values wath different years, must decydedly be
considered to be relevant

DISCUSSION

For clinical usc, a single antibody titre reading 15 of no real dingnostic
value unless 1t 15 extremely hugh or extremely low 1t follows, that the
development of antibodies should bhe determuined by repeated titrations
If, however, a “limit value” could be defined, this would obviously he of
help although at the same tume, 1ts hmitations must be clearly realized
and kept in mmd

Up to now, the linit value of AST has been generally accepted to be
200 1U/ml but a shght modification 15 obviously called for at this pont
Judgmng from the findings hcre reported, AST tilres ranging from 200
to 300 1U/m! arc so common 1n a healthy, urhan, Swedish population
examuncd that only valucs of 300 umts or aboyve should be considered
cufficiently ngh to indicate a recent or aclually present infection with
haemoly tic streptococer Stmilarly, n the case of Abta, only values of
30 TU/MmI or more ave sufficient proof that the patient has, or has just
had, an mnfection with Staphylococcus wreus On this assumption it
may thus be concluded that some 20 per cent of the healthy populition
the Malmo area have either AST or Abta values above normal

1t 1s clear from the analyses that AST titres are characterized by
significant varsations according to the time of the year but rematns
relatively constant year to year I'he AST median 1s highest in the spring
and early summer, dechnes 1n the autumn and does not really start to
nercase agun until after midwinter Infechions with hacmoly tic strepto
cocel belony to the group of “family mmfections” and thesc are targely
passed on from one <chool-child to another In Sweden, June, July, and
August are the months of school-vacation, and family nfections hune
Jong heen known to start m the autumn term and continue, throu(-:h"‘“‘
winter and spring The antibody responses to such infections are to be
expected after lateney of one or two months In concordance w ith this
the antibody cune rendered here does not comncide exactly 1n hm}
with the curve of family nfcctions but 1s, as 1t were, cot\;l)k “1‘
months late This appears o be the most likely explanation of the s

sonal variations that were found o exist
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STUDIES ON IMVMUNOLOGICAL TOLERANCE TO LCM VIRUS
2 Treatment of Virus Carrier Mice by Adoptwe Immunizalion

By
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In the prelimmary report (17) a description was gien of expern
ments which showcd for the first time that transplantation of 1sclogous
Immune Iymphoid cells {o I ymphocy tic Chortomeningitts (LCM) virus
earrier mice cansed a marhed reduction of the virus titres in the blood
and spleen In some cases 1t esen aj peared that almost complete remo
val of the virus from the virns carpers had been achteved As these
resulls are sn some wavs similar to what 1s scen when transplantation
ofhimmune Ivmphoud ecils 15 used to terminate a tolerant state to lissue
grafls they gne new support for the assumption of the evistence of
an immunological tolerance to the I CM virys in mice

The question of immunological tolerance to a virns 1s of more than
theoretical interest Firstlv af a tolerant state to one virus really does
eust this would jomnt to the possibility of tolerance to other viruses
and Turthermore to the question of whether the tolerant phenomenon
faipht not [ ey 1 rdle in certam mapparant varus infections Secondly
A LCM virus carrier state can be brought to an end by experimental
ITtcedures 1t seems adequate to consider the 1 ossibility of terminating
oWt virus carrier states e g to lumor wirtses and to the many viruses
Bhich are ssolated i great numbers from app rrently healths cells
animals and hum in beings 1l over the world

Thirdhy 1t can be mentioned that wh
because o F tolorinee
brng nto cxstence
Lun | rocedures whiel

en a virus carrier state desclops
titration of the sirus in the blood and organs will
anew possibility for measuring the effect of cer
h influence the tolerant state Animals tolerant to
A strus might therctore be vatuable for immunologreal studies

Fer those rosons further stadies on tolerance to the LCAM sirus have
buen Cirned cut It a8 the purpase of this article to describe m more
d tad the rosults «btuned when tsologous Ivmphoid cells are trans
1 lintud o varus € airrier mce

Te auth ris udedted £ Me Wers Beng o o ef €

the bi
8 Staten Serumin U (€ hely 1n evalunting e "p(:gm(;:::':l;:u'l]‘(‘naflmtnl
Miss B Heaper 1 £ sk led technicat a\sbtance + and 1
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SUMMARY

The AST and ASta titres i hlood-donors’ sera were studied con
tinuously over a period of 5 years Altogether, 2046 serum specimens
were examned for AST and 778 specimens for Abta Of these, 81 3 per
cent showed AST titres below 300 umits, and 79 0 per cont 4Sta hires
blow 30 umits AST values of 300 umts or more 1nd ASta 1 lues of
4 0 units or more can therefore be regarded as “clevated

The pereentage of blood-donors’ sera with AST titres of 300 units or
above was at ats lowest 1n September, October, and November, but re-
m uned unchanged from 1957 to 1961

The percentge of blood-donors’ sera with cleyated ASta titres showed
no change during the months of the year In contrast, this percentage
showed a definite increase from 1957 to 1961 The reasons for this art
discussed
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fipes of 11 od will Fe discussed togother 1n the experiments doscribed However
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MATEFRIAL AND MFTHODS

The ICM verus used was provided v Dr Traubd (Germany) and hept as deseribed
1 the previous paper
The mice used as virus carriers and as donors were all, exeept when otherwise
sndicated n the text from the same huighly mbred stram of ARA mice This stran
15 a Danish subline of AhR mice As 1n the case of these mice our strain has a high
incidence of spontancous leuhemia but we have not observed any svmptoms of this
disease before the ane of five to six months To avord any poraible complication of
our results due to the leukemic discase no donor which was more than five months
old was used nor were the cells harvested unless the organs on gross cxamination
were found to be free of pathological lesions The recipients were hl ewise used
when voung usually at the age of six to eaght weeks and n all cases the cxpert
ments were terminated before the miee reached the age of five months
Blood for virus titrations was taken from the tail vein by a ealibrated micro
pipette and from the heart by a syringe Before the samples were taken the pipettes
or syringes were molstened with just enough heparin to prevent the blood from
clotting during the first few minutes
The virus fifrations werc carried out by intracerchral imoculations in the in
stitute’s stock of ordinary white Swiss mice At the time of use ther weight nas
between 12 and 14 grammes The titration endpoints were caleulated aceording to
the method of Reed & Mueneh (14) In the figures and tables presented logarithmic
valucs are used throughout
The virus carrier stale was brought about as doseribed previously (17) bv
fecting ncwborn hahy mice with the 10 virus In all cases the babies were m
oculated within the first 18 hours of life with 10 10¢ 1D 50 dases of virus intra
peritoneally In order to exclude any other foreign antigen than the virus antigen
virus passed several times 1n ARA mice was used throughout Within the first two
to three weehs after the mmoculation 20-25 per cent of the babres died and many
looked sick hut after that time the remainder recovered and developed normally
However all without exception were from now on virus carriers
Verus titres of the blood of untreated virus carrters To cvaluate the effect of any
treatment on VTS carriers It 1s necessary to hnow the titre vanation which can he
expected within a group of untreated mice and within cach individual mouse through
the experimental observation time used Ior this purpose a complete titration was
carrted out on tml hlood from 147 sirus carriers at the age at which they were
usually used 1in the mamn experiments ¢ e SIX to seven wechs old The distribution
of the titres 1n this group 1s shawn tn Frgare 1 It 1s secn from the figure that the
mean titre 15 101 and that the variation from this titre 1s roughly = 101 \ene of
the mice 1 this group had a Ltre lowcr than 1032 Moreover n the course of our
! == = mace at ages of from s1x weeks to six months
s content of the blcod determined n dilutions
tested an this way Only four mice had titres

1 0

1 lan o«
‘l‘x;(;r,r(\)du:,uf six weehs The mean variation of the virus titre m the blooy a1 au¢
ndividual mouse was found to he 1009 the greatest varation scen was 1074 and
the Jeast 1002 None of the mice showed titrcs lower than 103

As at the end of the tolerance cxpermments heart blood wnas titrated for virus
nstead of tml blood a comparison of the virus m tail blood and heart hlood was
. 1 out Nincteen virus caffiers were bled first from thewr tmls and thereafter
c”rw:hclr hearts and the blood was titrated for virus One mause showed a heart
l'mml titre of 10-9 all other titratien values wcre higher The difference 1 titres
oy o the two types of blood varied from 1091 to 1013 and the mean titre for
o cfr od was 1003 lower than for tail blond
heart b0 ourse of the experiments %3 untreated varus carriers in the control groups
I e |c l‘unm the heart and the bload was titrated for virus The mean titre was
e had titres helow 104 but nonc was lower than 1070 These results
:O:Qn:c“a;::tcthal heart blood titres are shightls lower than the tires found 1
ndic:
tail blood

3 o erence hetween the titres of heart and tail hlood the tvo
Because

{ the small diffy
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The blood 1irus Utres of 147 untreated 1rus carriers

tvpes of blood will be discussed {ngether 1n the experiments described However
only titres which were lower than anv seen 1n untreated vifus carfiers in heart as
well a3 tanl blood will be considered as being significantly reduced 1e onlv titres
below 1026

Virus titres of the spleens of untreated tirus carriers Together with the sirus
litres of the blond the titres af the apleens were used to evaluate the effect of the
adsptive immumization procedures on the virus carriers An estimate of the virus
titres of the spleens of untreated virus carviers was therefore attempted For obs

vious
reasons the number of such <pleens ayailable has heen rather lim wora
hlaan 0o — - . P
. . . . .
. . CE T . e -
. . - a - .
P . .

. . mt s nen to consider only titres Iower than
10 as having been reduced by the trestment green
he cell suspensions for transplantation were mitures of cells from spleen and
mph codes prepared ay desceibied in the previons paper
General experumental conditions For each serics of experiments a suttable num-
bee af virus carriers was chosen The mace were sclected according to sex and g
that the ages of the mice were within the narrowest possible range Usually the
fmuce wese not sounger Tan six weeks and not older than eight weeks AN the mon
1 was eartled out for each
Srcups fur the syoerime o inided into
tThese groups w - oln' b
for virus at th .. u tested
Laless <ther
tat au transplantat
belween animals of the same sex and by Intyavenmus inocaleiian 1 C277ed out

300
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Fig 2
The blood virus titre curves for 10 virus carriers transplanted with 100 X 107
mmmune Iymphoid cells

TXPERIMFANTA\I

The Effect of Transplantation of Isologous Lymphoid Cells from
Immunized Mothers lo Infected Babtes

In the first series of expeniments the mothers of the infected babies
seryved as donors As described i the previous paper, mothers of virus
carrier babies are regularly infected by their offspring Usually these
wnfeclions run a symptomless course and end 1n solid ynmunty In the
prehminary report 1t has been shown that such mothers are a good
source of immune lymphoid cells However, to ensure that all the do-
nors were mmmune, and to boost therr immunity, n the following e\~
periments 100 LD 50 doses of virus was ginven antriperitoneally at the
time the mothers were taken away from thar babes, te four weehs
after the babies were born Two weeks aftcr the hooster dose of virus
was given the miee were hilled and the spleen and Iymph node eddls
harvested and prepared for transplantation In the course of eight
months five groups of ViFus ¢ irricrs were transphinted with this type
of cells In all, 46 virus carriers were mjected wath the immune [ymph-
o1d cells and all reciprent mice recaved 100 X 107 cells The virus titre
sn the tn! blood was tested for each mdnadual mouse at different inter-
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Fig 3
The mean bl «d ssrus tre cutse for 46 virus carriers transplante 1 with 100 X 107
immune Jsmphord cells

s ol i dilulions of hlood from 10216 103 At the end of the expen
ment the mice were hilled and the sirus bty 1n the heart blood and
sileens determuned Figure 2 shows the mnduidual virus titres m the
Mood of a group of fin mice grafted wath the same hatch of eells and
folfonud throuph wix weehs 15 clensly apparent that i the first week
after the transplantation very Little if anythwg happens to the virus
the mean titre 1s 1t that time still aboyt 10t Howeier during the fof
fowing two to three weehs there is 1 sharp dechine 1in titre The figure
150 shows the yvaniation of the transpiaptation effect on the virus from
mouse o mause This varrtion s mast proncunced duning the third
week after the trinsg lantation  \f that tyme most of the mice had virus
titres of about 10 hut one Mousc had onls traces of virus and 2pother
B 2 titrc a8 Wik 25 103 Srxcoweeks after the transplantation eight of
the ten muiee <howed only traces of virys 1n bisod dilnted 1710 bat the
ramuning two stll ind quile hygh tifres However even for these taa
v marked dectine in btsc s apparent gs in il experiments a control
wroup of untroited \irus carniers was followed through the expert
muntil yonod of stx weehs None of these rmee showed Attres w their
bload lower than 10°Y and the mean niire wys 107°

The results of the transglntation of the other four grtoups of mice
were sory amlar o Wc one yust deserbed These muce, howeser were
followed for o langee feriod afier the transplantalions Two of the
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Fig 2
The blood virus titre curves for 10 virus carriers transplanted with 100 X 107
mnmune Ivmphoid cells

EXNPI RIMFNTAL

The Effect of Transplantation of Isologous Lymphotd Cells from
Immunized Mothers to Infected Babies

In the first series of experiments the mothers of the infected babies
served as donors As described i the previous paper, mothers of virus
carrier babies are regularly infected by their offspring Usually these
infections run a symptomless course and end :n sohd immunitsy In the
prelimmary report 1t has been shown that such mothers are a good
souree of immune lymphoid cclls However, to cnsure that all the do-
nors were rmmune, and to boost their immunity, 1n the followng ex-
perimenis 100 LD 50 doses of virus was given intraperstoneally at the
time the mothers were taken away from thar babies, te four weehs
after the babies were born I'wo weeks after the booster dose of virus
was gnen the mice were killed and the spleen and Iymph nede cclls
harvested and prepared for transplantation In the course of eight
months five groups of virns carrers were transplanted with this type
of cells In all, 46 virus carriers were mjected with the immune Iymph-
o1d cells and all reciprent mice received 100 X 107 cells The vrus titre
in the tail blood was tested for cach individual mouse at different mter-



471

the control groups hilled at the same tunc are also shown i the table
Jtis clearly apparent that within the first six weehs a very great reduc-
tton of the spleen titres occurs The difference between titres of some
mice n the transplanted group and any mouse n the conirol group
was more than 10 fold and the mean reduction more than 10 fold
After 12 weeks the difference between the two groups 1s even more pro-
nounced Four out of the fourtcen transplanted mice did not have
any detectable virus 1n the 10 per cent spleen suspension tested How-
ever, three of the four mice with no detectable virus belonged to the
same group of seven mice, and this effect may be unusunal

TABIF 2
Vurue Tutres of the Spleens 6 and 12 W eeks after Transplantation with
Immune Lymphard Cells

Virus titres of transplanted § weehs after 12 weeks after
2roups (o vatues)
\o trace ] a1
Trace 07 yia
12 27 14
23 477 b
313 17 14
>4 07 o714
N irus titres of contral group
>6 1010 10/10
The Effect of Tr lantation of Isol Lymphotd Cells from Vice

Vaccinated with Lwe Virus

For vaccination of donors the intraperitoneal route was used through-
out The maamat dose of LCM virus given by this route which adult
ARA nuce can survine was found to be 100 tymes the intracerebral LD
9 dose Thay amount of Virus was therefore chosen as the saccination
dose When normal adult mice recene such an inoculabion they develop
Mraema, the magonty 100k sich on ahout the tenth day, and at that
e the virus hitres of herr spleens are at lcast 10% However, all of the
moculated miee will usually recover, and when tested three weehs after
the injection onlv occasionally 15 a mouse found m which virus 1s pre-
entn the blood of even in the <pleen If at that time & new virus dose
N gunen no chimeal svmptoms oceur, and two weeks later pone of the
mice tested were found 10 have any deteetable virus in blood or spicen

In a pilet expenment Spicen and Iymph node cells from mice vacer-
Rated twiee were transplanted to virus sarmers The donar mlc(" re-
cenved the second vacention three weeks after the first and the cell
were harvested two weehs after the second tnjeclion Light mic .
transptanted wath these colls and the eell dose was 100 5¢ 10° efls won
mouse The sirus i the tal blood was titrated four and «ix \\(‘(‘::5 :;;Z:
and in the brart blood and spleens mine weeks Iater The resulls were

P
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groups were followed for mine weeks and two groups for 12 weeks All
groups were titrated on the fifth or the sixth week The mean titres for
the individual groups at that time ranged from 10°% to 101t Figure 3
grves the mean blood titre curve for all five groups of mice As was the
case for the first group described, the mean titre curve shows the decline
of titre begins one week after the transplantation Between the first and
fifth weceks the fall in titre 1s rather steep, dropping from 10+ to < 101,
but then the curve begins to level off and from the sixth to the twelfth
wech only a shght decrease in the mean titres can he demonstrated
However, as can be seen mn Table 1, from about the sixth week a few
mice will be found which show only traces or even no trace of virus in
undiluted heart blood Through the ninth to the twelfth week this oh-
servation ncreases wn frequency, and by the end of the expermment
about 1/3 of the muce have titres which cannot be determined exactly
This, of course, influences the mean titre curve, but the degree to which
1t 15 influenced 1s difficult to decide For this reason the curve from the
sixth week on 1s grven as a dotted hine and this line 1s deawn umong
pomnts of mean titre values determined by caleulating as zero values
those titres which cannot he determined However, even if the curve
from the sixth week on 15 uncertain, it can at least be said that from
this time the deehine 1n the blood virus titres 1s much slower than
during the first weeks
1ABIF 1

Virus Tures of Heart Blood 6 and 12 Weeks Afler Transplantion with
Immune [ymphotd Cells

T weehsafter 12 wecksafter

Virus titres (log values) } transplantation transplantation
\o trace 17 Y14
Trace 17 14
01 417 6/14
>1 17 214

The numerator gives the number of micc with the virus titre indicated
the denominator the number of mice tested

In the experiments described here none of the 46 mice transplanted
fatled to respond to the transplantation by a great reduction of the
virus hitre of the blood In the majonty the reduction tn titre took place
within stx weeks and 1n the remaining few before the end of nmine weehs
Table 1 shows the virus titres of the groups of mice which were fifrated
12 wecks after the transplantation It 1s scen that esen so long after the

transplantation micc which have titres greater than 100 can stll be

found
The virus titres of the splecns of the virus carrters were also greatly

from the immune
ced by the transplantation of [ymphoid cells
mflu(‘nq Table 2 shows titres of one of the aboye-mentoned groups

mother fter the transplantation The spleen ltres of

when alled six weeks al
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the control groups killed at the same tume are also shown n the table
It 1s clearhy apparent that withn the first six weeks 2 very great reduc

tion of the spleen titres occurs The difference befween titres of some
mice 1n the transplanted group and ans mouse 1 the control group
was more than 10¢ fold and the mean reduction more than 10° fold
After 12 weehs the difference between the two groups is even more pro

nounced Four out of the fourteen transplanted mice did not have
any detectable sirus 1n the 10 per cent spleen suspension lested How

ever three of the four muce with no deteciable virus helonged to the
same group of sesen mice and this effect may be unusual

TABLE 2
¥ rus Titres of the Spleens € anl 12 Weeks after Trans;lantaf on with
mmune Lymphoid Cells

Atrusti res of transplante { Gweeksal er 12 weeks after
£roups log values) transplan atio transplan a ion
No trace 07 414
Trace 07 s
12 27 714
213 17 14
33 17 114
>4 07 0714

Virus titres of contr 1 group
>6 1010 1010

The Effect of 1ransplantation of Isologous Tymphowd €ells from Mice
Vacewnated with { we Virus

For vaccmation of donors the mtrapentoneal route was used through
out The maxamal dose of 1 CM virus given by this route which adult
AhA mice ean survne was found to be 100 tymes the intracerchral LD
50 dose This ymount of virus was therefore chosen as the vaccination
dose W hen normal adult mice recense such an moculation they develop
Virenya the mogonty look sick on about the tenth dav and at that
fime the virus titres of therr spleens are at Jeast 105 However all of the
Inaculsted mree wall usually recover, and when tested three weeks after
he inpection only aceasionally 15 2 mouse found 1 which virus s pre
sentan the blood or evenan the spleen If at that time a new virus dose
'S given ne chinteal ssmploms occur and two wechs later none of the
fice tested were found to have ny detectable virus 1n bload of spleen

In 1 pilot experiment spleen and Ivmy h node cells from mice vace
Mited twice were transglanted to virys earmers The donor mice re
cened the second yaeamation three weeks after the first and the eell
were hinvsted two weeks after the second mjection Iight mice we .
transyInted with these cells and the cell dose was 100 X 107 o
mouse The viras i the 1 bood was titeated four and six w
and in the heart blood and spleens min¢ weeks later The n-sc

cells per
cks later
ults were

-~ \
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very siular to those obtaimed when cells from immune mothers were
used Four weehs after the transplantation all mice except one had
blood titres lower than 10, and the ramaining one had a titre of 1007
S1x weeks after the transplantation four had titres < 10t and four be-
tween 10U and 102, but nine weehs after all of the blood titres were
< 10! The spleen titres at that time were between 10! and 10° mn sevn
mice and one had only traces of virus

To mvestigate the mfluence of a different vaceination status on the
immumty which can be conferred by the lymphord eclls from the vie-
cinated donors, five groups of mice were vaccnated wath different num-
bers of virus moculations The first group 1ecenved four virus mocula-
tions, the second three, the third two and the ranaiming two only one
The mice m the groups which were grven more than one virus mjection
recenved the sccond three weeks afler the first and the following wnocu-
lations (1if any ) at mtervals of two weeks The cells were harvestcd from
all these groups two weehs after the last virus moculation, te for one
group nine weeks, for the novt seven weehs, and for the third five weeks
after the first saccination Of the two groups which were given only
one vaccmnation the cells from the first were haryested three wechs later,
te at the end of the infection, at which stage blood and organs werc
free of virus The cells from the other group were harvested ten diys
after the moculation, te at the peak of the infection when blood and
organs contained large amounts of virus

The tune-table for the vaccmations was planned i such a way that
all groups could be harvested on the same dwy The reciprents were as
usual virus carriers of six o eight weeks of age, chosen by random se
lection, and one group was kept as control The [ymphod cells from
cach of the vaccmated groups were pooled and transplanted to a group
of eight recipients 1 amounts of 100 X 10 cells per mouse Four and
oix wechs Jater the verus titre of the tail blood was deternuned and nme
weeks later the heart blood and splcens were exammed I'igure 4 shows
the mean titre curves for the results obtained 1n each of the groups and
Table 3 shows the titrations at the fourth and minth weehs It 1s clearly
apparent that four weehs after the transplantation the cells from the
mice vacamated on four, three and two occasions have had the same
effect on the virus mn the reciprents, and for all the three virus carner
n titres are now below 101 From the fourth to the sixth
week the titres seem to have a tendeney to rise nd subsequently to
dechne again slonly However, as was the case for the mean tilre eune
for mice recerving culls from immune mothdts, thise expermments also
show that from the sixth weeh mereasing numbers of mice had so hitle
\1rus 1n the blood that the titres coutld not be detcrmined and the pomt;
on this part of the curve are therefore very uncortun The grnul’“lf’
mice which recenved cells from the denors vacemn ited only ont;t‘ld *‘l’
show cd a sharp dechine 1n {he blood virus titres but this dcclm;‘ di ur::r
follow a curve which was quite as staep as the curves in the o

groups the mea
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very sumilar to those obtamed when cells from immune mothers were
used Four weeks after the transplantation all nuce except one had
blood titres lower than 10!, and the remaining one had a titre of 1017
S1¢ weeks after the transplantation four had titres < 10t and four be-
tween 10 and 102, but mine weehs after all of the blood fitres were
< 10 The spleen titres at that time were between 101 and 10” 1in seven
mice and one had only traces of virus

To mnvestigate the influence of a different vaccination status on the
immunity which can be conferred by the lymphoid cclls from the vac-
cinated donors, five groups of mice were vaccinated with different num-
bers of virus mnoculations The first group recenved four virus mocul-
tions, the second three, the third two and the remaining two only one
The mice m the groups which were ginen more than one virus njection
recenved the second three wecks after the first and the following mocu-
Lations (if any ) at intervals of two weeks The cells were harvested from
all these groups two wechs after the last virus noculation, t e for one
group nine weehs, for the next seven weeks, and for the third five weeks
after the first vaccination Of the two groups which were grien only
one vaccination the cells from the first were harvested three weehs later,
te at the end of the infection, at which stage blood and organs were
free of virus The cells from the other group were harvested ten days
after the moculation, 1e at the peak of the infection when blood and
organs contained large amounts of virus

The time-table for the vaceinations was planned 1o such a way that
all groups could be harvested on the same day The recipients were as
wsual sirus carriers of stx to eight weehs of age, chosen by random s¢
lection, and onc group was kept as control The Iymphoid cells from
each of the vaccinated groups were pooled and transplanted to a group
of eight recipients m amounts of 100 X 107 cells per mouse Four and
o1x wechs later the virus titre of the tail blood was determined and nme
weehs later the heart blood and spleens were examined Figure 4 shows
the mean titre curves for the resulls obtained n each of the groups and
Table 3 shows the titrations at the fourth and ninth weeks It 1s clearly
apparent that four weehs after the transplantation the cells from the
mice vaccinated on four, three, and two occasions have had the same
effect on the virus in the reciprents, and for all the threc virus carricr
groups the mean titres are now below 107 From the fourth to the sixth
wech the titres seem o have a tendency to rise and subsequently to
dechine again slowly However as was the case for the mean titre cune
for mice receining cells from immune mothers, thesc cxperiments also
show that from the s1xth weck ncreasing numbers of mice had so little
ood that the titres could not be determined and the points
f the curve are therefore very unccriam The groups of
mice which recerved cells from the donors vacemnated only oncclﬂ“f:
showed a sharp decline i the blood virus titres but this dcclm;(lll l:gr
follow a curve which was quite as steep as the curves 1n the of

yarus an the bl
on this part ©
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TABLE 4
Infltuence of Cell Dose on Immumty Conferred

I Sarus titres of spleens
\ \irus titres of blond tlag values) ™ tog valuesy
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detesmined On the other hand, mice having 1 titre aboye 103 co:(;l "c
found 1n the same group In afl 1 of the nuce whueh reeesed 25 x‘ 1(;(;

ults obtamed i the two expery
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groups For the group transplanted with cells taken from mice only ten
days after the virus noculation this slower decline 1n titre was espeer-
ally marhed However, ntne weehs after the transplantation the mean
titres for all groups had reached the same level

Tahle 3 also shows the titres of the spleens nine weeks after trans-
plantation Among the first four groups no clear difference could be
scen and 1n all of these the majority of the titre values were down to
< 10* The group of mice which had recerved transplantations from
donors vacemated only ten days before also showed a marked reduc
hion 1n virus titres but about half of the group still had nitres as high
as 102 to 107

The Effect of Cell Dose on the Immuntty Conferred

In the preecding experiments a fixed amount of 100 X 10° cells was
used throughout In the following, two experiments are described 1n
winch varying amounts of cells were transplanted In the first expern-
ment the donors used were mothers of infected bahies immumzed as
deseribed above From the donors the spleen and Iy mph node cells were
pooled and different amounts of these cells transplanted into three
groups of virus earniers Light mice recenved 100 X 109 cells, nine re-
cenved 50 X 10° cells, and cight were given 25 X 106 cells In the second
experiment the donors were mice vaccinated four times within mine
weeks as described abose The spleen and [ymph node cells from these
donors were also pooled and transferred in different amounts to groups
of eight fo nine virus carriers One group recenved 200 X 106 cells, the
wecond 100 X 108 cells, the third 50 X 107 cclls, the fourth 25 X 107
cells and the fifth 125 X 107 cells The reciprent groups were as usual
selected at random, tested for virus hefore the expertment and one
group was not transplanted and kept as a control In both experiments
the virus titres 1n the tal blood of all mice were titrated mdividually
four and six weeks after the transplantation and in the heart blood and
spleens nmine weehs after

The results obtamed 1n the two experiments were highly sumilar ind
hence are recorded together Some of the titrations are, shown Table
1 and the mcan titre curves in Figure 5 It s clearly seeh that the mean
titre curies for mice recening 200 and 100 X 10 cells\resemble each
other greatly, reaching a mean level of < 101 1n s1x weeks hAnd remaining
there The titre curve for the group wihich recenved 30 X 10¢ cells runs
a little above the other two n the firet s1x weeks, but at the time of the
ninth week 1t 1s down to the same level However, the titre curves for
the groups of mice recenning cither 25 or 123 X 104 cells are different
For both of these groups the mean titre curves decline very Iittle af at
All within the frest six werhs and onls 0 the ninth weeh 1s 1t possible

e As expected, this reduction of virus 1n the blood was

fall 1n hitr
::;:[e;mnounccd for the group wWhich recenved 25 X 10 cells
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TABLE 4
Influence of Cell Dose on Immuntty Conferred
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groups For the group transplanted with cells taken from mice only ten
days after the virus moculation this slower decling i titre was especi-
ally marked However, nine wecks after the transplantation the mean
titres for all groups had reached the same level

Table 3 also shows the titres of the spleens nine weeks after trans.
plantation Among the first four groups no clear difference could be
scen and 1 all of these the majority of the titre values were down to
< 10" The group of mce which had recened transplantations from
donors vaceinated only ten days hefore also showed a marked reduc-
ton an virus titres hut about half of the group still had fitres as high
as 102 to 107

T'he Effect of Cell Dose on the Immunify Conferred

In the preceding experiments a fixed amount of 100 X 105 cells was
used throughout In the following, two experiments are described m
which varying amounts of cells werc transplanted In the first experi-
ment the donors used were mothers of infected bahies immunized as
deseribed above From the donors the spleen and 13 mph node cells were
pooled and different amounts of these cells transplanted into three
groups of virus carrrers Light mce recenved 100 X 10° cells, mne re-
cenved 50 X 107 cells, and cight were given 25 X 109 cells In the second
experiment the donors were mice vaccnated four times withmn mine
weehs as desenbed above The spleen and 1y mph node cells from these
donors were also pooled and transferred in different amounts to groups
of eight to mine virus carriers One group recenved 200 X 107 cells, the
second 100 X 108 cells, the third 50 X 107 cells, the fourth 25 X 10
cells and the fifth 125 X 107 cells The recipient groups were as usual
selected at random, tested for sirus before the experiment and one
group was not transplanted and kept as a control In both experiments
the virus titres 1 the tail blood of all mice were titrated mdmadually
four and stx weehs after the transplantation and n the heart blood and
spleens mine weeks after

The results obtamed m the two experiments were ghls sumlar and
hence are recorded together Some of the titrations are shown 1n Table
4 and the mean hitre curves in Figure 5 It s clearly \cc\\ that the men
titre curves for mice recerving 200 and 100 X [0 celis\resemble cach
other greatly, reaching a mean level of <10t 1n <1x weeks and remuning
there The ttre curve for the group which recervad 30 X 107 cells runs
a httle above the other tho n the first six weehs, but at the time of the
ninth week 1t 1s down to the same level However the bitre curses for
the groups of nuce recerving crher 25 or 125 X 100 cells are different
Yor both of these groups the mean fitre curves deehine very hittle if 1t

A1 within the first sic weeks and only 1n the minth weck as 1t possibie
'lo see a falln titre As expected, this reduction nf : irus 10 the blood was
most pronounccd for the group winch recerved 25 x 10 cells
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TABLE 5
Abihity of Vormal Lymphoil Cells to Confer Immunity

4 rus ttres of

i
Virus titres of bloo 2 (lo,, values) spleens (lgg vataed)

Transplamed groupy
cece” ing 100 K10

cells 8 weehvater transp! |9 weeks alter transp Fmecks ater

<1 12 23 >8] 1 12 23 3] 3 4w >a

1 0§ 08 158 78 08 08 08 88 08 S 78

2 08 28 28 48 08 18 38 48 1B 35 48

3 % 18 1R 68 08 1B 38 48 18 28 %8

4 08 08 B o8 28 US 58 18 18 68
Controls not transplanted 07 07 07 /1 o7 7 o7 37 071 07 17

When the spleens were hitrated only 10 had sigmificantly reduced
titres 1¢ helow 108 Of these the lowest titre measured was 10 and the
majortly were between 1 and 163

To summanze normal cells in the amounts given seem to be able to
confer immuniiy but the effect obtained 1s late and enls 1n about 2o
1¢r cent of the reeipients a si;miflicant teduchion of the virus hires in
blood and spleen has occurred nine weehs after the transplantation

The Inabibty of hilled € ells Homologous Cells and Immune Plasma lo
Lonfer Immunily

The investig itors worhing on transplantation immumits problems al)
agree that af immunits to shan wnd tamor grifts 1s to be transferred ,and
\f 2 folcrant state to such grafts 1s to be terminated only live tmmuno
logrelly competent cells from the same highly inbred stran of animals
ean he used Ingjeetions of killed cclls homologous cells or immune
1l2avma cannot confcr any IMmunits or bring a tolerant state to an end
Tn ordir to sec whelher this 18 also true of the tmmunits conferred to
sirus carriers the following experiments were ¢ irmed out

The effect of hlled unmune 1sologous cells The spleen and lymph
node edlls from \ group of immumized Ak A mothers of infected halnes,
WOre pooted and then disided lo equal parts each contaiming 100 X
10 cdls por 05 ml One of the suspencions w s 1Mt snlact wiplst the
olher Wy quichis frozen to minus 60° C Lept frozen for ahout two
mnutes thawad undor sunming tap water and then carefully shaken
to bresk up the clumps The two suspensions wert gnen to different
RIoUps of virus earsiers i dases of 65 ml intravenousiv The injection
L unfrozen edls wis a6 usual a harmiess affarr However when the
cells arc Malled by fracang and thasang thes e extremdly dangeraus,
o mycet e nenoush I gien queckdy the reepunts will dic unme
;I;Jl:h vutaf the lnj(-;:hnns e carpied out vory slowly about half af

e mice € sunve In ogr
o of W <6y Thrce eeks atter fhe tramepiemen ot 2%

phantation the virus
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cells had titres which showed that a sigmificant reduction hd oceurred,
1e they had fitres lower than 10 © Of the seven mice which recened
125 X 10° cells the lowest titre measured was 101f, most titres were
ll)cl\\wn 102 and 10% and three mice had titres lugher than 1035 In all,
only three of the mice had titres which showed that a sigmfrcant reduc-
tion had occurred

The spleen titres in the groups of mice recening from 200 to 50 X 107
cells all showed the same pattern Most titres were hetween 10t and 10°,
a few had only traces of virus left and onc had as much as 103 As re-
gards the 17 mice which received 25 X 10° cells, only three had titres
lower than 10° but titres as high as 10> > were also found As was the
case m the heart blood, the spleens i one of the two groups had de-
finitely lower titres than the other The highest titre seen n this group
was 107% Among the seven mrice which recenved 125 X 107 cells the
lowest spleen titre found was 1075 Only four mice had titres which
showed that a sigmficant reduction had occurred, 1 ¢ titres below 10,
and three mice had titres lngher than 1023

On the whole 1t can be said that for mmee recening from 200 to 50 X
107 cells the mean titre curves follow the same slope However, even
95 and 125 X 10¢ cells have some effect on the virus titres of trans-
planted virus carriers but the effect 15 late, often weak, and characte-
rized by great individual variation

Abilily of Normal Cells to Confer Immunuty

Bidlingham, Brent & Medawar (1) have shown that a tolerant state to
a shin graft can also be terminated by mnjecting normal Iymphoid cells
Cxperiments with the purpose of imvestigating the effect of normil
Iympheid cells on the virus carrier state were therefore carried out As
a coll dose of 100 X 107 mmune e¢lls had been found to be well above
the dose necessary to gne satisfactory effect, the normal cells were also
transplanted i amounts of 100 X 10 per mouse Four experiments
were carried out using a total of 32 rccipients In each of the experi-
ments the spleen and lymph node cells from a group of normal adult
AKA mice were hary ested, pooled and 1njected ntravenously 1nto
groups of virus carriers Six weehs later the virus titres of the tail hlood
were determmed mndinadually for each mouse and nine wechs later the
d and spleens were titratcd ‘1he mean titre curve for all the
32 recipient mice 1s shown 1s the upper curve n Figure 4 and the re-
sults obtained n each group are given in Table 3 It 1s apparent that six
wecks after the transplantation only thrce out of 32 transplanted mice
had titres which were < 102 and 24 had titres > 10* Nme “(Tk.: IllL‘l;
four out of the 39 muce had blood titres which were < 107 but 21 slll6
had titres > 10° Tour of the titr¢s between 10- and 10° were helow 10
o therefore at the end of the expuriment a total of eight mice had
?:::-lcs \flllcll can be considered significntly reduced

heart bloo
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TABLE 5
Abthty of Normal Lymphot ! Cells to Confer Immunuly

3 irus 1 tres of

Virus { tres of bloo 1 (log values) spltens (log valaes)

Tran planted @roups  |—rerr e
ot celis G meckvalter transpl 9 weehs afier teanspl |

9 weehs after
transpl

<1 12 23 >3 1 12 23 3| 34 FENNENY

s 08 18 78 O3 OB 055 83 08 18 I8

H o 9% 28 {5 os us s 33 U8 38 18

3 08 s 18 68 08 1/8 38 $8 18 28 38

4 08 0§ 1)8 78 08 %8 Vs 58 Us 18 5/3
Controls nol transplanted 07 07 07 77 07 01 07 U1 07 01 7

When the spleens were titrated only 10 had sigmficantls reduced
htres 1 below 105 Of these the lowest hitre measured was 10? and the
mijonity were between 104 and 10

To summarize normal cells m the amounts gnen seem to be able to
conler immunity but the effect obtamned 1s late and onlv mn about 2o
et cent of the reciprents a significant reduction of the sirus titres an
blood and spleen has occurred mine weeks after the transplantation

The Inability of hulled Cells Homologous Cells and Immutne Plasma lo
Confer Immuntly

The imvestigators working on transplantation immumty problems all
agree that 1f immunity to shin and tumor grafts 1s to be transferred and
1 a tolerant stat( to such grafts 1s to be termmated only live ammuno
logically competent cells from the same highlv nbsed strun of animals
tan be used Injections of hilled cells homologous cells or 1mmune
lavm canpot confer iy immumity or bring, a tolcrant state to an end
In order to sec whether this 1s also true of the immumty conferred fo
Mirus carniers the following experiments were carsied out

The effect of falled tmmune sologous cells The spleen and lvinph
noile cells from a group of immumzed Ak A mothers of infected babies
were poolcd ind then dividd snto equal parts each contaiming 100 X
10 cells per 0 > m! One of the suspensions w s left ntact winlst the
othier was gquick!y frozen to minus 60° ¢ hept frozen for about two
minutes thwed under running tap water and then carefully shaken
to break up the clumps The two suspensions were given lo different
Rroups of varus cirriers 1 doses of 05 mlntr wenousls The mjection
of unfrozcn cddls Wi as usual @ harmless ffur However, when the
cells are hafled by freezing and thawing they arc extremds dangerous
Longeet intrnenoushy I given quickls the reeiptents wall dic imme-
l‘\;;:‘\::\l but if lh: uux;-lmn\ are earried oul vy slowls about half of
N Miee €an surtive Inour exgeriment nine niice survived the ingec

N of Jalled edis Three weeks afler the transplantation the virus

e
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titres of the ta1l blood were determined and six wechs after transplan
lation all mice were killed and the virus titres of blood and spleens
delermmned The results are shown n Table 6 The mice which recenved
the e cells 2ll shoned a clear cut response to the transplantation the
hlood and spleen titres being reduced to the expected level However
none of the mice which recened the killed cells showed a sigmiicant
response One mouse had a blood titre of 10”2 but all the remaming
Uitres were more than 10° All spleen titres were hugher than 10 ®

The effect of hi s I hotd cells Two experiments
were carried out in which homologous 1mmune lymphod cells were
transplanted to virus carriers In the Birst expertment CaHl mice were
used as donors fo ARA carriers The C-H donor mice were mothers of
ialies infected at birth and two weeks before harvesting the Jymphoid
cells these mice were given 100 LD 50 doses of Ine TCM virus intra
peritoncalls 1e they were treated in exactly the same way as the mm
mumized AhA mothers which 1n the above experiments were found to
provide immume cells with a high achimaty In the second expeniment
the donors used were the mnshitute s ordinary stock of white mice, 1m
munized by two intraperitoneal injections of 100 I D 50 doses of live
wrus The tao sirus thoculations were given three weehs apart and the
cells harvested two wechs after the second vaccination dose, te the
mmune status of these cells should closels corresjond to that of the
telts taken from Iwice saccmated ARA donors which in the foregong
experiments were found to be very active cells

Sitaen and Ivmph node cells were hanvested and pooled separately
for each of these two donor groups From the CaH cell pool six and
from the othcr seven ARA virus earriers were transplanied wntra
renously with 100 X 107 cells per mouse One week and three weeks
after the transplint stion the sceond group of recapients w s tested for
yrus an the tul hlood i< weehs after the transplantabtion all the
trinsplantcd mice were hilled and the virus titres of the heart blood and
M leens detcrnnned mdiidualls in eack mouse The results for the two
Fronps were highly sumilr and hence arc recorded together in Table 6
W cleariy scen that no deteetable dechine 1n titre had tahen place
Within the first three weehs After six wechs three out of 13 mice had
tatrs helow 107 but wll W titres bugher than 19 ¢ te none had titres
“ueh could be considered sipmificantly redueed That no decline 10
Bre ad an fact been caused by the transplantation 1s confirmed by the
finding, tht none of the stleen titres showed ans significant rduetion
l""’l‘:“':“‘"‘r":;l;‘l"::::_‘;"'r:‘(,"‘:“ (‘lf'l:]‘(m:‘lorcou: n the untreated controls
i the tr g Limbed grouy « drrus Wires 13 low as those found
. The effrct of tmmune wsologons Hasma Two «xperiments were per
ormued 1 which {liema from 1mmune \hA

sirus carraers I the Lirst experiment mothers eied nto
Ah A babies were uved ac donars n:d II':":}“mlm mothers of fected

he second wice vaceinalod

o —
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AKA mice were the sources of immune plasma In hoth experiments
the mice were bled from the heart, the blood was pooled and )ust
enough heparin was added to prevent clotting After centrifugation the
plasma was collected From the plasma pool from immumzed mothers
five virus carriers were given undiluted plasma miravenously n a-
mounts of 05 ml per mouse From the plasma pool from the twice
vaccinated mice seven virus earriers recened the same volume of un-
diluted plasma wntravenously One week and three weehs after the -
Jection the sirus titres of the tarl blood n the second group were deter-
mined and six weeks after the mjection all mice were hilled and the
virus in the blood and spleens titrated The results ebtamed 1n the two
groups were highly sinular and hence are recorded together i Table 6
It can be seen that the immune plasma had no detectable effect on the
virus, either shortly after 1t was given or later After six weeks three
out of the 12 mjeeted mice had titres lower than 103 However, analo-
gously with carriers transplanfed with homologous cells, none of the
recipients 1 this experiment showed titres below 10°¢, e below the
It for “normal” titres or below the titres found i the controls More
over, as all spleen titres were found to be Iugher than 1025, 1t can be
concluded that no sigmificant reduction of the virus titres had been
caused by the immune plasma withm the obscrvation period of sn
weeks

As an extra control of the immunity m the two groups of donors used
i each experiment the lymphoid cells of the donors were also h rvested
and transplanted to virus carriers in doses of 100 X 107 cells per mouse
In both cases the usual dechine m virus titres was caused by the cell

transplantation

TABLF 7
Influence of Sex Mfferences Befwreen Donors and Recypents on Immumnity Conferred
I SiruvntresofBlood  ; Varus ttres of spleens
g ralues) | (log salues)
S [ —

Sex of donors reeipunts 6 weeks after transpl G weehs after transpl
1o 2y 1 2 23 5

2, o7 07

femal female 5T 47 7 07 57 217

ff‘:ali male 68 18 1,8 08 8 58 08 08
male male T YT 111 07 67 Y1 o1 07
male femalc 51 47T 07 o7 51 yr yro o7

The Influence of Sex Difference between Donors and Reciptenls on the

Immunuy Conferred
As 1t was found that cells from homologous donors do not confer iy
s there 1s strong support for the assumption that the
ts own lhistocompatible genes (4, 6), expen-
etermine the effcct of sex differcnces on the

immunaty, and a
r chromosome ¢arrics v
ments were carried out to d
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mmumty conferred Cells were harvested from smmune donors ami
mjected i;olh into male and female virus carriers, n doses of 100 X 10
cells per mouse The effect on the virus titres of blood and spleens was
tested six weeks later The experiment and the results are shown
Table 7 From thus 1t can be seen that sex differences between donors
and recipients has no apparent influence on the immumity conferred

The Influence of Transplanlation Roule on the Immumty Conferred

In two cxperniments spleen and lymphoid cells from the same batch
were guen intravenously to one group and wntrapesitoneally to another,
n amounts of 100 X 10 cells per moculation When tested later 1t was
not possible to detect any clear cut difference 1n the immunity con-
ferred Perhaps cells gnven intravenously caused a more rapid and stecp
fall 10 the Mood virus titres, hut the differences seen are hard to eva-
Tuate 1n siew of the indnidual vanations which always occur

Inabilty of Immune Lymphowd Cells to Infinence the Course of an
Acute Infechon

As the transplantation of immune lymphord cells had such a pro-
nounced effect on inapparent infections, experiments were carried out
to see whether an effect on acute mfections conld be demonstrated
Mothers of infected bibies immunized with ine virus two weeks before
the cells were hirvested, as described above, were used as source of
mmune cells Lach bateh of cell suspension was tested for virns In
N0 case could any trace of virus be demonstrated

TABLF 8
Inabitrty of Immune Lymphotd (ell Transplantations to Influence the Course of
cute Infections 1n Normal \lice

o of
P s, e |
3 weeks befi re infeetun 100 X 104 ¢4 100LD50 §e 10710
2 weeks lefire infecticn 100 X 107 5, 100LD S0 ic 10
¥ meek el re wnfection 100 X 10 4y WOLD 50 je o/to
3 days before anfecticn 100 X 107 5y WOLD 50 2¢ 0/10
O infeetion day 100 3 104 4y 100LD 50 je 0/10
2 davs after infectun 100 X 101 § 4 100LD50 §¢ o/10
4 days aller infectiun 1080 X 100 4 100LD50 e o/10
€ days after infecti o 100 X 10 4y 191D 30 ic 010
¢ ontry nene 100ID50 ic /10
—_— T

1ight groups of normal adult AKA
woculitions spleen and lymphaod cells
100 5 107 eulls por mouse At dfferent
[intation the mice were challenged

mice recenned by intravenous
from thesc donoers, in doses of
times 1n reltion to the trans.
with 100 LD 50 doses of yirus

3 acrs

o 8T 4
—
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mftracerchrally One group rceenved the virus challenge three wechs
after the transplantation, onc two weeks after, one one week after, one
three days after and onc on the day of transplantation, within one hour
of the cells heing ginen The other three groups were transplantad two
to six days after the virus challienge and finally one group wis kept as
a control and recenved the virus moculation only ‘The tune-table was
arranged m such a way that the virus challenge was given to all micc
on the samme day The resulis are shown in Table 8 It 1s clearly apparent
that only transplantations given as early as two weeks before the virus
challenge had any protective ¢ffect In nonc of the other groups could
protection be demonstrated

The whole cxperiment was repeated exactly as desenbed but wath the
one difference that the doses of challenging virus were reduced to 10 LD
50 The results were as 1n the foregoing experiment except that with
this small virus dose the protective effect could also he demonstrated
when the transplantation was given one weeh before the virus chal-
lenge Howeser, no transplantation given later than this had any effect
on the course of the infections

DISCUSSION

In the prelumnary report 1t was shown that the LCM virus carrier
otate 1n mice can be greatly influcnced by adoptise ymmunization, Just
25 a tolerant state to skin and tumor grafts can be nfluenced by the
same kind of procedure The experiments described here confirm this
obsersation and show other points of resemblance between the resulls
obtained m tissue transplantation immunity studies and mn the studies
of immunmity 1 virus carriers As 1n the tissue transplantation expen-
ments (1, 2, 12, 13), st hus baan possible only to confer mmmumty to
the virus in virus carriers by means of hyve, immune 1sologous 1ymphord
cells, and 1f kalled immune eells, homologous immune cclls or immune
plasma are used no effeet has been demonstrated durmng an olhserva-
tion period of six weeks ! Morcover, the cell dose necessary to cause &
satisfactory response m virus cirrers 1s of the same order as the dost
nccessary for conferring an immunity to tumor grafts, 1 ¢ about 50 X
107 ymmune 1y mphoid cells Furthcrmore, just as Billingham, Brenl &
Medawar (1) found that normal lymphoid ccdls can confer an smimumty
to immunologieally tolerant animals, the data presented here show tht
transplantation of normal lymphotd cells can ifluence the virus carrik
otate Howeser, as 1 the tissue transplantation (xperiments, it was
1 that the effect of normal cells on virus carricrs 1 much weaker
r to des clop than if immunc eells arc transplanted
further support for the assumption that the LCM

fount
and takes much longe
All these results gie

at least shows the dfinite wnferiorsty of hlled clls

n time
s cal o plasma but 15 tco short to exclude a very fate

homologous cells and of immune
and weak reaction
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virus carner state 1n mice may be due to the phenomenon of immuno
logical tolerance It 1s true that the mvestigators working with tolerance
to skin and tumor grafts talh about termimnating the tolerant state,
whereas the present author has not yet succeeded 1n completely elim
nating the virus and cannot therefore clmm that the tolerant state to
the virus 15 brought to an end Howcser, this difference 1s perhaps only
aprarent W hen worhing with grafts it may be very difficult to exclude
the possimlits of a persistence of some tolerance whereas virus titra
tons are 1 erhaj » more sensitine

The many pownts of resemblance between the results of the tissue
transj lantation ymmunity studies and those obtamed with virus ear
niers offer a temptation to assume that the immunity to the virus con
ferred on yirus earriers s sinlar i type to the immunsty to shun and
lumor grafts which can also be conferred The mechanism of this 1im
munity has been discussed in detail by others (5 9 10) and hence this
argumentation will not be repeated here However 1t can be concluded
a5 stated by Vedawar (9) that all parhies to tissue transplantation 1im
mumty experiments seem to agree that the immunity s transferred by
what 1s 1n effect a repopulation or cellular grafting of the secondary
host with living, immunalogieally activated cells from the primary host
However the minds of all are 4150 open to the possibtlity of a sympathe
tic actination or transduction of the recipient s own lymphoid cells hy
sutccllular ingredients from the donor

The question whether the expertence gamned with the LCM sirus in
mice can he of any use when dealing with other virus infections re
mamns fo be answered However according to Rubin (19) and Gross (7)
avian leukosts virus and mouse leukemia virus scem to be able to cause
a loterint virus carrier state sumilar to that secn with the LCM sirus
Moreoser when more 15 hnown about other tumeor viruses and cven
abcut the ordinary viruses which admittedls can cause latent infee
fons 0 mn b dicoveted 1t o tolerant state to a virus 1s not as
unusual ay we are inchned to think tedv To hnow the immune me
chanism ([ such infctions and how to influence the carrier state could
Te of mnterest

As the other viruses 2t present are rather difficult to work with the
FOM vrus mav be considered as the best working model Howeser, 1f
nbrad stenns of chichens arc wailable awian lenhosis vitus mav be
eun b ter and an sddition mas gie direet information about the

posabslits of praventing the develop ment of tumors 1n the \irus car
L

In the oxpenments prosented here gt hae
the varus an the Wovd and <plecns the 1y sponsc to a transy lantation of
Wmphad edls can te followed quite accuratels Information con

cerming, the influcnce of difurent tranag |
antatic
teen obtuned g n factors has therehy

been shown that by titrating

Wuth the hind of tminune eclls and the doses used 1n the experiments
n
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intracerchrally One group recenmved the virus challenge threc weehs
after the transplantation, one two wecks after, one one week after, one
three days after and one on the day of transplantation, within one hour
of the cells being given The other three groups were transplanted two
to si1x days after the virus challenge and finally one group was hept as
a control and recenved the virus moculation only The time table was
arranged 1n such a way that the virus challenge was given to all mice
on the same day The results are shown in Table 8 1t 1s clearly apparcnt
that only transplantations gnien as early as two weeks before the virus
challenge had any protective <ffect In none of the other groups could
protection be demonstrated

The whole experiment was repeated exactly as described but with the
one difference that the doses of challenging virus were reduced to 10 LD
50 The resnlts were as n the foregomng experiment except that with
this small virus dose the protective effect could also be demonstrated
when the transplaniation was given one week before the virus chal-
lenge However, no transplantation guven later than this had an) effect
on the course of the infections

DISCUSSION

In the prelimmnary report it was shown that the LCM virus carrier
state 1n mice can be greatly influenced by adoptive nmmunization, Just
as a tolerant state to shin and tumor grafts can be mfluenced by the
same kind of procedure The experiments described here confirm this
observation and show other points of resemblance between the results
obtamed mn tissue transplantation tmmunity studies and m the studies
of immunity m virus carriers As in the tissue transplantation ¢xperr-
ments (1, 2, 12, 13), 1t has been possible only to confer immumity to
the virus n virus carriers by means of hive, unmune ssologous 1y mphod
celis, and 1f kalled immunc cells, homologous immune cells or immune
plasma are used no effect has been demonstrated during an obsersa-
tion pertod of six weeks? Moreover, the cell dose necessary to causc a
satisfactory response tn virus carriers 1s of the same order as the dose
necessary for conferrng an immunity to tumor grafts, 1 ¢ about 50 X
10¢ immunc lymphoid cells Turthermore, yust as Billingham, Brenl &
Medawar (1) found that normal Iy mphotd cells can confer an immumnity
ally tolerant animals the data presented here show that
transplantation of normal Iymphoid cells can influcnee the virus carrier
state However, as 1 the tissue transplantation experiments, 1t was
found that the eoffect of normal cells on virus carriers is much weaker
h longer to develop than 1f immune cells are transplanted
further support for the assumption that the LCM

1o ymminologic

and takes muc!
All these resulls give
t leas!
1 This observation time &
homologous cells and of immune
and weah reachiont

t shows the definite inferionity of llled cells
plasma but 15 too short to exclude a vers late
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dose Morcover when a donor has been exposed to the virus only once
the fvmphoid cells are able to confer immumity for a long time Very
active cells can be harvested two to three wecks after virus inoculatiens
and n experiments not recorded here donors which have not heen n
contact with ans virus for 6 weeks or more have been used and the cells
from these mice were as cffectnne as any These findings are different
from those 1 immunits experiments with tumor grafts In the latter
to ol tain a good result the Iymphoid eells have to be harvested within
avery narrow hime nterial at a special time after the donors have been
exposed to the antigen (13) It scems probable that also this difference
between the two hinds of experiments s due to the difference in antigens
The virus antigen can multiph and persist for a long time n the any
mal ihereby causing a long lasting strong stimulus to rmmumity
whereas grifts of shin and tumors do not multiply for very long if at
all and will qurckls be disposed of by the hosts The stimulus to 1m
mumty produced by such antigens must be much weaker and of much
shorter duration

As indicated in the discussion above 1t seems possible to gne a
reasonable explanation of the differences observed between immumty
exjeriments with shin and tumor grafts and those where 1 virus 1s con
cerned The evistence of these differences therefore does not speak
against the assumption that the mechanisms involved 1n the two types
of immumity are similar to one another Nevertheless so fittie 1s known
about this hind of immunity that our minds have to be open to other
possibilities Farst of all it must be strongly emphasized that the only
indication of an immunily conferred fo virus earriers 1s the obserya
hion of a dechine m vrus titre A specific or perhaps exen an unspecific
destruction of the virns producing cell svstem may be the only reason
for this virus reduction and immumity phenomena may not have
amthing to do with it Other explanations can perhaps also be offered
Howaver for the time beng the immunits thears seems to be the only
one which has expcrmental support

The trans intibon of virus carriers with immune Ivmphoid cells
has usu iy bien a harmless procedure and the decline 1n virus titres
hs net been assocaited with any <igns of discase Therefore the adop
tive immumzation ¢xj enments reported here do not support the as
sumptin of fiewe (150 and Hotehin (8) that an immunologieal e
Ponst to e 10N vifus showld eause a2 ehimical illness Howeser now
and then on sery rure occions the transg lantations have had o harm
ful effect cn th virus carriers: When thas hppened 1t has been asso
et d wath ecrtun hatehcs of eclls and opeenrred in <uch 1 was that all
mice recong culls from these batches beeame 1l and some died ahout
three weehs after the transplantation Morcover 1f 4 bateh nrnccllllg
ctused ehimic il dinease then the Tesponse 1o the virus was foung to h
slower and weaher than normal \iepguen, € ex t o e
from miee which died f20m the transg Ltations s op o OF okans

11mtations showed no mnflamma
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described here 1t 1s found first of all that a time interval of at least one
weeh has to elapse before a demonstrable decline 1n virus titre can be
observed This 15 contrary to what 1s seen when immumty to skin and
tumor grafts 15 conferred by adoptnve immunization (1, 2, 3, 12, 13)
In all those cases the effect of the transplantation 1s demonstrable with-
in a few days Perhaps the differcnce in reaction time 1s only apparent,
although the fact that transplantations of immune }ymphoid eells o
normal nuce as carly as three days before a virus ehallenge fails to alter
the course of the infection also scems to indicate that the transplinta-
tion response to LCM virus 15 a late reaction

The fact that mice were protected by transplantations of immunc
Iymphoid cells given earlier than three days before the virus challenge
does not, howesver, necessarily mean that 1t 1s a transplantabon effect
which 1s seen Lven af no detectable virus was found n the transplanted
cells, there could nevertheless hasve been undetectable amounts of virus
present wlich might have caused an actine immunization of the reci-
pients Such an immunity would begin to appear one weeh after the
moculation, te at the time protection 1s found, but also 1t the time
when the adoptise immunization could begin to have an effect

The mncreastng transplantation effcet on the virus m the course of
at least four to six weeks 1s an interesting observation In all other
transplantation cxperunents reported, the pmmunity conferred by adop-
tiye immunizatron raptdly ducreases and can even completely disappear
during the same period of time The difference between our experi-
mental conditions and those of others ts that in the virus earriers the
sirus, and thereby the antigenie stimulus, 15 present for a long time,
whereas this 1s not the case in most other transplantation evperiments
Flus constant antigeme stumulus could be the reason for the long
lasting and cven mncreasing transplantation effect an virus earrers

The obsersation that the steep fall tn virns titres did nol cause
complete ehimnation of the v1rus but ended m a stabilized low level of
LIrus came as a surprise Perhaps higher cdll doses or repeated trans-

tions could have depressed the virus completely Perhaps the
that this would

a

plantal
observation period has not been long enough to show

eventually have occurred even under our expe rimental conditions This
remains lo be scen However, we already know from a prehminary ex-
perument that if Iymphoid cells from transplanted virus earriers nine
weehs after the transplantation are transferred to fresh virus carriers,
pression of the titres will occur m the new hosts Therefore,
thesc cells have not lost their “powcr” to take care of even large
mounts of virus Why they do not ehmnate the mmute amount of
al
wirus left n the first hosts ts open to discussion
Experiments which cells were transplantcd from donors vacctnated
‘l‘l!fcrcnl ways showed that even cells from the most hughly mmunt-
m(;l d no.l depress the virus titres of the reciprents toalesel lower
zed tmee lIs from muce given only one vaccination
obtamned with ce i3 y
than could be

a defimite de
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dose Moreover when a donor has been exposed to the virus only once
the Iymphotd cells are able to confer immumity for a long time Yery
active cells can be harvested two to three weeks after virus moculations
and 1 experiments not Tecorded here donors which have not been 1
contact with any virus for 6 weeks or more have been used and the cells
from these mice were as effective as any These findings are different
from those 1 immumts expersments with tumor grafts In the latter
to obtain a good result the Iymphord cells have to be harvested within
asery narron time nterval at a special time after the donors have been
exjused to the antigen (13) It scems probable that also this difference
betseen the two kinds of expenments 1s duc to the difference tn antigens
The virus antigen ean multiply and persist for 1 long time 1n the 1m
mal thereby causing a long Insting strong stimulus to immumty
whereas graflts of skin and tumers do not mulliply for vers long 1f at
all nd will quichly be disposed of by the hosts The stimulus to 1m
munity produced by such antigens must be much weaker and of much
shorter duration
s indicated an the discussion above 1t seems jossible to gie a
reasonable exjlanation of the differences observed between immunits
experiments with skin and tumor grafts and those where 2 virus 1s con
cerned The existenee of these differences therefore does not speak
agamst the assumption that the mechanisms insolved 1n the two tvpes
of immumity are simihir to one another Nevertheless so httle 1s known
about this kind of immunits that our minds have to be open to other
possibihiies Faret of all it must he strongly emphasized that the only
ndication of an immunity conferred to virus carniers 1s the obsera
VLon of a decline 1n virus hitre A specific or perhaps even an unspecific
destruction of the virus producing cell syslem mavy be the onls reason
for this irus reducty and v ph mnry not have
mslhung to do with it Other explanations can jerhaps also be offered
Howerer for the time heing the smmumts theors seems to be the onls
e whieh his cxpenimental suj fort
The transplantition of virus carriers with immune Iymphoid cells
has wsunils boen 1 boarmless procedure and the dechine th yirus titres
has not hecn issocrted With any signs of dise e Therefore the adop-
tne immunmization ey enments reported here do not support the as
sumptien «f ftewwe <15) and Holelun (8) that an immunological res,
::-‘1;‘1‘,:':‘ ('I::‘ \l‘(rzlr\‘ :u;c:l‘l:nrx‘lr:: c|;:x:;~r.:ncl|;::‘:l lillnc: However, now
ol effect om the irus carmere When uq : whions have had a harm
clated with ecrtun batehe< of eells ang S sapiened 1 has heen asso-
mree e veang, ceths Trom thest lnnlc?:;: ’occurrrd ,m such v wa that ant
threr s the after the trine Tt heearme tl and some died aboyt
1ntation Moreover if 1 batch of celle
caused (hnie O divease then the Fesponse to the virus wois f
stower and weaher than no, 1 s found to he
Ml \Microseny e
feom mice which died from the geq 11¢ examinalions of org s
nsp lntations showed no inflamm,
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tory rcactions, hut there was cxtansive Hiver ncctosis and g marked
roduction of the lymphod tissuc i the splaen The case of doatl could
therdfore have baon ahomologous discase

SUMMARY

Fransplantation of 1solopous immunc Iymphowd cclis 1o TCM virus
awrriers cuses wmarkad deercse i the siras btres i blood and
splaen

[The transplantation offcct s fiest danonstrable ond 1o two woks
ior e cdls are tansplantod, wnd eoaches ats maxdmum five fo sl
weeks Inder

A total dimmation of the virus i the carrers has not boen nechied
Whon the virns birc as hrought down o just about the dedeetable Jovd
1t scams o stalilize and of further radudcdjon oceurs il s sery slow

Cl doses of hadsween 50 10 and 200 % 10% amtuand lymphond «dls
cause the sume soduchion m virus titre Smaller doses also nfluenc
the seens but the offecd 18 slow weak and irregular

Temsplhmtations of iy mphoid cdfs from donors vacanatad only once
B s good rosults as those oblamod with colls from donors vacomated
repentedly

I ymphoid cddls with a pood immumity can he harvestad (rom ten
dass to at Teast three weeks aftor the mice have hoan m contact with
the virus

Normal wologous Iymphoud cclls ¢ bansfor smmunily fo vieus
cirmcts but the CFfoct of such cddls s woak and cquivocal

Ihe mtrpeetoneal nd mbravenous Lansplantation roules scon Lo
b cqually dffcetne

Sex differoneds butwoan donors and 1comants do not mflucnet the
trmsplant ition 1esulls

[ransplantations of killod mmunc sologous tymphoid clis hioms
logous immunc Iymphord cdls or micctions of mmmunc ologous plas
ma have not causcd ans ffccd on the virus during an obseevation (©
rod of s1x wocks

Immunc lymphotd cadls must be transplanted to normal mce at Teast
one weck before novirns challengc s made In otder Lo give any profes
tion
[he transplantation (ffect on virus carroes a8 dis ussed in rh
1o the results obtamed Iy othors an issuc transplantation inmu

tion
nily

«x) criments
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tory reactions, but there was extensise Inver necrosis and a marhed
reduction of the Iymphoid tissue in the spleen The cause of death could
therefore have been a homologous disease

SUMAMARY

Transplantation of 1sologous immune Iymphoid cells to LCVM virus
carriers causes a marhed deerease n the virus titres m blood and
spleen

The transplantation effect 1s first demonstrable one to two weehs
after the cells are transplanted, and rcaches 1fs maximum fie to six
weeks Iater

A total elmunation of the virus in the carriers has not heen achicved
When the virus titre 1s brought down to just about the detectable level
1t seems to stabilize and f further reduction occurs 1t 1s very slow

Cell doses of between 50 X 10° and 200 X 10° immunc Iymphord cells
cause the same reduction m virus hitre Smaller doses also mfluence
the virus but the effect 1s slow, weak and irregular

Transplantations of Iymphotd cells from donors vaccinated only once
give as good resulls as those obtamed with eclls from donors v weemnted
repeatedly

Lymphoid cells with a good immuntty ean be harvested from ten
days to at least three weeks after the mice have been m contact with
the virus

Normal 1sologous Iymphotd cells can transfer mmmunity to virus
carriers, but the effect of such cells 1s weak and equtvocal

The mtraperitoneal and intravenous transplantation routes scem {o
be equally cffectine

Sex differences hetween donors and recipients do not nfluence the
transplantatton results

Transplantations of hilled immune 1sologous !y mphoid cells, homo-
logous immune lymphotd cells or mjections of wnmune tsologous plas-
ma have not eaused any effect on the virus during an observation pe
riod of s1x weeks

Immune Iy mphord cells must be transplanted to normal m
one week hefore a virus challenge 1s made i order to grve any pratee-

jee at least

tion
The transplantation effect on virus relation
pl atr rus crriers 15 diseussed 1 Intior

8
to the results obtained by others in tissue transplantation ymmunit
cxperiuments
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tory reactions, but there was extensine Iiver neerosis and a marhed
reduction of the lymphoid tissue m the spleen The cause of death could
therefare have been a homologous disease

SUMMARY

Transplantation of 1s0logous immune lymphoid cells to LCM virus
carniers causes a marhed deerease 1n the virus titres i blood and
spleen

The transplantation effect 16 first demonstrable one to two wecks
after the cells are transplanted, and reaches 1ts mavmum five to siv
wechs later

A total elimination of the virus in the earriers has not heen achieved
When the virus titre 1s brought down to just ahout the detectable level
1t seems to stabilize and af further rcduction oceurs 1t 1s very slow

Cell doses of between 50 X 107 and 200 X 10° immune Iy mphoid eells
cause the same reduction in virus titre Smaller doses alse influence
the virus but the effect 1s slow, weak and irregular

Transplantations of Ismphoid cells from donors vacemated only onec
give as good results as those obtained with cells from donors vaccinated
repeatedly

Lymphoid cells with a good 1mmunty ean be harvested from ten
days to at least three weeks after the mice have been m eontact with
the virus

Normal 1sologous lymphoid cells can transfer mmmunity to virus
carriers, but the effect of such eells 15 weak and equivocal

The niraperitoncal and miravenous transplantation routes seem to
be equally effectine

Sex differences hetween donors and recipients do not mfluence the
transplantation results

Transplantations of hilled immune 1sologous hmphed cells, homo-
logous immune Iymphoid cells or injections of ymmune 1sologous pins-
ma hase not eaused any effect on the virus during an obsceryation pe
riod of six wecks

Tmmune lymphord cells must be trinsplanted to normal mice at Iust
one weeh before a virus challenge 1s made in order to gne wnsy protec-
tion
The transplantation effeet on virus carriers 1 discussed 1 relition
to the results obtamnced by others 1 tissue transplntition tmmumis

experiments
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FROM THE VIRUS DEPARTMENT, NATIOVAL INSTITUTE OF PUBLIC HEALTH,
OSLO, N\ORWAY (HEAD- 0 LAHELLE,MD)

THE NORMAL ALLANTOIC ANTIGEN WHICH NEUTRALIZES
THE INFLUENZA VIRUS HI-ANTIBODY TO HOST MATERIAL

By

AniLv HarBor
Recened 6 xu 62

In the preceding paper the charactenistics of the haemagglutination
inhibiting (HI) antibodies against the host materal of egg-grown
myxoviruses were examined (3) The present paper is concerned with
the serologic and chemical properties of the normal allantoic antigen
which corresponds to this host specific Hi-antibody

MATERIALS AND METHODS

Viruses, mmmune sera and Hi-test The influenza A stramn PR 8 and Bestram Lee
were employed. The sera were obtained from intravenously 1njected rabbits, and
were pretreated with cholera filtrate (Philips-Duphar) The virus antigens 1o the
Hi-tests had heen purified by means of adsorption to and elution from fowl red
cells When, as occasionally happened, the virus stuch to the red cells wmstead of
cluting, one volume of cholera filtrate was added to four volumes of the saline
The Hi-tests took place in plastic plates at room temperature For further detarls
see the preceding paper (3)

Haemagglulination inhibitton neutralizing (HIN) titre The HIN titre of a host
antigen was defined as the reciprocal value of the antigen dilution which Just
neutralized the tnhibitory activity of a certain amount of host specific antibody 1
a modificd HI-test against a certain number of haemagglutinating virus doses Before
the HIN-titre of a normal allantoic fluid was determined the flurd was treated with
an equal volume of cholera filtrate over might at 37° C folloned by heating for one
Tour at 56° C and absorption for % hour at 0° C with 10 per cent packed fonl red cells
__To serial 2-fold dilutions of the pretreated allantoe fluid was added the suitably
diluted, cholera filtrate treated rmmune rabbit serum and % hour later a 05 per
cent suspension of fowl red cells and immediately afterwards the virus eluate. be
h h et ~sw o~ added between 3 and &

this serum dilution had
ed 1n volumes of 025 m!

o - een purified from crude
by means of tno cveles of adsorption to fowl red cells and elution
\ne to which had heen added 0 1 per cent of CaClz The acetate saline
consisted of one volume of 02 \ acctate buffer pH 6 2 and four volumes of normal
saline The titre of the enzvme Prtpﬂiatlnn was 640 with PR 8 as a test virus (1}

Bovtne pancreatic trypsin Trypure “NOVO™ a crystalline preparation which con
tained 25 Anson units per £ was emplosed

Bacterwal trypsin The enzyme hﬂad been prepared from a Bacdlus sublilis culture
It was crystalline and col 1 275 Apson units per g Oplimal temperature was

50-60° C.
a—Chy

units per §

ftee N
cholera filtrate
Into acetate sal

ntained

;na(rypsm The enzyme Was ervstalline, and the strength was 570 rennet
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The latter three preparations were hindly placed at the author’s disposal bv
“\ro* 1 Company, C
Papain and ficin were crude commereial preparations

RFSULTS
1 The Spectfrcity of the HIN Anligen wn the Allantoic Flinds

In the followng experiment 0 25 ml of cholera treated, normal allan-
toic fluid, and 1n a parallel titration normal saline mnstead of the fluid,
was added to cach of the serum dilutions 1n the plates and left to react
for 1 hour hefore the red cells and the virus anbgen were added as in
a usual HI test The same normal chick, turkey and duck allantoic
fMuids were employed

An anti chick allantoic PR-8 serum gave the titre 1920 aganst chich
allantosc Tec The titre in the presence of the homologous (chick)
allantore fluid was < 12, with turkey fluid 288, with duck flurd 144 An
antr turkey allantoic PR 8 serum gave the titre 384 with turkey allantore
Tee The hitre in the presence of the homologous {turkev) allantore
flud was < 12, with chick fhnd 384, wath duck {luid 24 The HI neu-
tralization by the heterologous, normal allantoic fluids demonstrates
the existence of an antigenic relationship between them However, the
more | ed neutr: 10n by the homol flurds shows that
there 15 also an antigemic difference between them

Attempts to neutrahze the Hl-antibody in an antiserum agamnst nor-
mal chick allantoie fluid by treating the serum with suspensions of
viscera from chick embryvo, mouse tung unheated or hotled guinea pg
hidney were negative As expected, allantaze and amniotic chich mem-
brane suspenstons neutralized the antibody

2 Homologous and Helerologous HINTutres of Normal Allanfoe
Tlunds

Results of titrations are shown in Table 1 It 1s seen that the highest
hitres are grven by the homologous allantese flmds

TABLF 1
Homotog sus and Helerologaus HIN Tutres of Dufferent Sormal Allantore Fluwis

WU\ hitres of normat allantefe
Antiserum aga ost Suid from

Virus wntigen

chlek  turkey | duck
Chick alfantcie fluld Chick allant
Chich o oic 1ee 150 <2 20
hick allantaie flund Chick altant
PIVS infected Hhantere Lee 120 s B

Turkey sllantore fluid Turker .
PR 8 infecled Y allantore Lee <2 20

e
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THE NORMAL ALLANTOIC ANTIGEN WHICH NEUTRALIZES
THE INFLUENZA VIRUS HI-ANTIBODY TO HOST MATERIAL

By

AniLp HirBon
Recened 6 62

In the preceding paper the characteristics of the hacmagglutination
inhibiting (HI) antibodies agminst the host materal of cgg-grown
myxoviruses were exanined (3) The present paper 1s concerned with
the scrologic and chemical propertics of the normal allantore anhigen
which corresponds to this host specific Hl-antibody

MATERIALS AND METHODS

Y truses, immune sera and HI-tcst The influenza A-strain PR 8 and B stran Iee
were employed The sera were obtamned from intravenously injected rahbits, and
were pretreated with cholera Diltrate (Philips-Duphar) The virus antigens n the
Hi-tests had been purified by means of adsorption to and clution from fowl red
cells When, as occastonally happened, the virus stuck to the red cells mstead of
Juting, ane volume of cholera Diltrate was added to four yolumes of the saline
The Hi-tests took place 1n plastic plates at room temperature Tor further details
see the preceding paper (3)

Haemagglutination inhibition neutralizing (HIN) titre The HIN-titre of a host
antigen was defined as the reciprocal value of the antigen dilution which just
neutralized the inhibilory activity of a certain amount of host speeific antibody 0
2 modified Hl-test against a certain number of haemagglutinating virus doses Before
the HIN-titre of a normal allantoic fluid was determined, the flurd was freated with
an cqual volume of cholera filtrate over might at 37° C followed by heating for enc
hour at 56° G and absorption for 4 hour at 0° € with 10 per cent pached fonlred cells
__To senal 2-fold dilutions of the pretreated allantoic fluid was added the switablhy
Mlnted, cholera filtrate treated immune rabbit serum and % hour later a 05 per
cent suspension of fowl red cells and immediately afterwards the virus eluate, be
tueen 4 and 8 hacmagglutmating doses Of the serum was added between 3 and
times the quantity which partialls anhibited the sirus and this serum dilution had

B * ATl reagents werc added 1n yolumes of 025 m!

. E) The enzyme had been punfied from crude

cles of adsorption to fowl red cells and elution

n added 0 1 per cent of Ca(lz The acetate saline

olume ot vz N ucetate buffcr pH 62 and four volumes of normal

saline The titre of the enzyme preparation was 640 with PR 8 as a test sirus (1)

Bovine pancreatic lrypsin Try pure 1\0\;0" a crystalline preparation which con-
on umits per g was employed

ln};n:;lli?arl\"‘:"’m" The cnzyme hqnd been prepared from a Hactllus subilis culture

1 was erystalline and contamned 275 Anson umts per g Optimal temperature was

o
anighﬁmolrursm The enzyme was crystalline, and the strength was 570 rennct
units per £

cansisted of one v

48%



491

acinated m the bolling waterbath Tins enzame was also tried only at
26°C for 2 hours without any HIN htre reduction The varous treat
ments destroyed the normal inhibitor to PR 8

Because of these results it 1s 1ssumed as a prehminary hypothesis
that the HIN antigen 15 not a proten

1t was found that also crude cholera filtrate failed to reduce the
HIN titre of the allantoe fTid and this confirms that the Nittrate could
safehy be used to destrov normal inhibitor prier lo the examnation of
the HI\ antigen

The effect of trypsin lrealment on the sedimentation rate Allantoic
flmd was dialysed agmunst pormal sabne and subsequently incubated
for2hours 1t 37° C pH 75 with an cqual volume of 0 2 per cent trypsin
which was a) actine b) inactinated by heating at 56° € for % hour
Aliquots of the two preparations were spun for 2 hours at either 25 o0
80 110 or 140000 X G After centrifugabion the supernatants were
treated with 0 3 per eent active trypsm 2t 37° € for 2 hours and subse
fquently heated at 56° C for 15 minutes 1\ hen the unspun fluids and the
supernatants were tested on therr HIN fitres preparation 2 showed the
ttre 112 unspun as well as alter 140000 X G while preparation b
showed the titre 112 unspun 64 after 50000 X G and 32 after 140 000
X G It1s thereforc assumed that the HIN antigen 15 bound to a protein
nithough 1t mas not itself be a protein

Treatment with perodate To one volume of allantoic flurd was
2dded one volume of semal 2 fold dilutions of K10, 1n distilled water
The mixtures were kept at 37° € over might finalls one volume of
per cent glucose w s added The HIN titres were as follows (primars
dilutions of the periodate) Ma0 21 \100 96 \L200 and less 102
15 scen that the antigen s moderatels susceptible to the action of
feriodate and this may explun the inhibition examined i Section 9
m the preceding paper (3)

Treatment wsth HCL To one volume of aliantoic fimd were added 4
solumes of 1\ HCL the mixture kept in the hoihing waterhath for 1 hour

nd subsequenty nevtrahized with NaOH and phosphate buffer Tl
treatment destroved the HIN anbigen ! ¢ e

DIscLssion
No other cress raictions than those Fetween chich turhey and

tuck
Mlintoie matersal were found in the HY test with ho y

B

Thus abserptim with giwnen g Meeh afie antihody

kdney Wad no o
e e 10 the commlemae effect on the titre of
et al found that the efoss reactiy iy between
nfluenza
tinsuc extract was due 10 anbigens of the Torssman hp‘exﬂs) ot
The prehminan examination of the chemisthy of the HI\ antigen in
normil chick allantoie fluyd showed that ot wns resistant to var
1rotecvtic enzvmes and therefore Jess likels to be 2 proten 1t x:loa‘i‘
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TABLE 2
The Influence of the Age of the Chick Fmbryas on the Hi and the HIN-Tifre of the
Normal Allantore Fluwd

A4 of the embryos davs IENENERERENENEEES
Number of eggs examined 2 10 10 10 10 10 10 10
HI titres 1 1 2 3 2 2 8 8
HIN titres 24 32 48 48 56 56 128 128

The homologous HIN titres of normal allantoie fluds from chich
umbryos of different ages were also examined When the flmds were
tested aganst 5 haemagglutinating doses of chick allantoic PR-8 and
5 mhinting doses of an antiserum against normal chuch allantoic flmd,
the titres shown  Table 2 were recorded These flnds had not heen
pretreated with cholera filtrate and their Hi-titres are also shown mn
the table The amniotic fluids had lower HIN-titres than the correspond-
ing allantoic enes Also the titres of the amniotse flnds mereased when
the embryos became older

3 The Chemcal Structure of the Normal Allantme HIN Antigen

Normal chich allantore fluid, chick allantorc PR-8 and anbiserum
agamst normal chuck allantore flmd or chick allantoic Lee were em-
ployed The allantose flmd underwent different treatments, and thewr
effect on the HIN-antigen was hitrated

Dralysts Attempts te dialy<e the antigen through cellulose casings
(Visking Corp ) were negatne This shows that the HIN-actity of the
allantore fluid 15 not due to a lowmolecular hapten The following ex
periment lead to the same conclusion

Precynlation with alcohol Allantore fhad was dialysed aganst dis
tilled water, freczedried and subsequently dissolved 1 1116 of the
ongnal volume of d W Ithylaleohol was added and the mixture left to
stand oser mght at +4° C When the final concentration of afcohol
aas 90 per cent, all HIN-antigen was precymtated When the concen-
tration was 43 per cent, very httle anhigen was precipitated

Heating The HIN-titre was not reduced when the allantore fluid was
hept for 1 hourm the botling waterbath

Treatment with RDE One ml of allantoic fhud was {reated with 4
ml of the RDE-preparation at 37° C over mght fallowed })3 heating 1t
62° C for 1 hour This treatment did not reduce the HIN-titre

Treatment wih proteolylic enzymes No rcduction of tl_l.c-HlX\ titre
was obtamed when the allantore flmd was treated at pll 73 with 0

ver cent WA concentrations of the following enzymes erystalline
{\(\\mc pancreatic trypsin crystalline bacterial trypsint erystalline
chs motrypsif, crude papap and fiem The treatments tooh place far
2 hours at 37° C, subscquentls the enzymes were actn ated by h:’nlmg
;m. 17, hour at 56° C, except that the bacternl trypsin had to be 1n-
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actnated 1n the boiin, waterbath This <nzyme was also tried only at
46° C for 2 hours without any HIN titre reduction The various treat
ments destroyed the normnl nhibitor to PR 8

Because of these results 1t 1s 1ssumed as a prelummary hypothesis
{hat the HIN antigen 1s not a protein

Tt was found that also crude cholera filtrate fatled to reduce the
HIN titre of the allantoic flmd and this confirms that the filtrate could
safel be used to destrov normal inhibitor prior to the exammation of
the HIN antigen

The cffect of trypsin treaiment on the sedimenlation rate Allantoc
fluid was dialssed agunst pormal saline and subsequentls incubated
for 2honrs at 37° C pH T 5 wilh An equal volume of 0 5 per cent trypsan
which was a) active b} mactinated by heating at 56° C for 14 hour
Altquots of the two preparations were spun for 2 hours at either 20 20
80 110 or 140000 X G After centnfugation the supernatants were
treated with 03 per cent active tripsin at 37° ¢ for 2 hours and subse
quently heated at 06° C for 15 minutes W hen the unspun flds and the
supernatants were tested on thesr HIN titres preparation 1 showed the
titre 112 unspun as well as affer 140000 X G while preparation b
showcd the titre 132 unspun 64 after 50000 x G and 32 after 140 000
X G Ttis therefore assumed that the HIN antigen 15 bound to a proten
although 1t may not itself be a protem

Treatment uith pertodate To one volume of allantorc fluid was
added one volume of serial 2 fold dilutions of KIQs tn distilled water
The mixtures were kept at 37° C over might finallv one volume of »
per cent glucose was added The HIN ttres were as follows (primars
dilutions of the periodate) M 30 24 \[100 96 200 and less 192
Tt 15 scen that the antigen 1s moderately susceptible fo the action of
rerodate and this may explun the mhibition examined 1n Section 9 a
i the preceding paper (3)

Treatment with HC! To one volume of allantoie fliid were added 4
solumes of 1\ HCI the mixture heptin the boiling waterbath for 1 hour

and subsequenthh neutralized wath NaOH and phosphate buffer This
treatment destroved the HIN antigen

DISCUSSION

o ather cross reictions than those hetween chick turkey and duck
lanterc m dterial were found in the HI test with host o1, earfie, gndehands

Thus absorption with guiner g hidney had no cffeet on lvhc“l]ll‘rc ‘f
this intshody Int the complement fixation test on the other hand §. ;’l
1 al fcund that the cross reactinity htween ot

nfluenza view;
tinsuc ulrl\cl w15 due to anbigens of the Forssman tyiye Hs) and oot
The [ relimiman examination of the chemis
try of the HIN
nermd chiek dlntore fluid showed that 1t WS resistant ixom\lf\:n .
1 Toteolvise enzyvmes and therefore less likels to be a protem It r;:::"

N
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Jioweser, be a carhohydrate attached o prolam Fhe same substanee 1s
probably part of (or absorbed to) the viral hacmagglutinmn

Irisch-Niggemeyer & Hogle found that the influcnza hemagglutimn
1s a protein which contains 4 2 per cent of carbohydrate, and no hmds
or nucleic acids (2) Zillig el al arrived at an estimate of 10 per cent
of carhohydrate in fonl plague hemagglutimn (5) They found that
treatment wath trypsm dud not completely destroy the hiemaggluti-
nating and complement fixing power of the hacmagglutinin, and man-
tioned that the carbohydrate might be of antigonie importance

SUMMARY

Haemagglubination mhintion ncutialization (HIN) tests with puri-
ficd allantoic nflucnza sirnses, anh host sern and chiek, turhey nd
duck normal allantow flmds showed that the HIN-intigens of these
flmds are related, but diffcrent from each other, and not present n
chick umbryo visecra or guinca pig kidney “The concentrition of the
HIN-antigen 1n normal chick allantoic flusd inereased when the «m-
bryos beeame older

The anbigen could not be dinlysed, and was precipitated by aleohol
It was resistant to hothing, to tryplic enzymes, papun and fiem, and to
RPI Before treatment with trypsin most of 1t was spun down at
140 000 X G, but nothing after trcatment The antigen was moderately
susceptible lo treatment with periodate, and was destroyed when heated
with dilute HCI 1L 1s tentatively assumed that the antigen 1s a lugh-
molecular carbohydrate, which exists comined with a protem

RITIRINCIS

1 Burnet I M & Stone J D The receptor destroving enzvme of V chalerat
ciu e a1 & Aled e 95227 233 1047
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BRIEF REPORTS

4 VODIFIFD MFTHOD FOR THE PRFPARATION OF THF OSSIFIFD ShFLFTOM
OF MOUSF FETI SFS

By Lars Jacobs.n

The past decade s and of new and complicated
pharmaceutical drugs—often hasing a wide range of effects on the mammalian
organism—has brougt with it an added need for more thoroughgoing investigations
into the substances’ teratogenic effects This need has in the Jast few years been
further by the th h

From the Lnited \ations’ report in 1962 and many recent works concerned with
teratologic aspects (Asitng et al 1955 Degenhardt et al 1939 Aing et ol 1962) 1t
appears that 1 mice and rats the anlage of the embryonic sheleton forms a system
exiremely sensitive to external influences 1t has therefore heen felt to be of interest
t make haown a simple relatinels quick preparation techmique for the ossified
skeleton of a mouse fetus smmediately before birth The method )s based on a
medification of that made hnown by L B Russel (Russel! 19:6)

One day hefore the birth nearly the whole sheleton 1s ossifted and 1n the reman
mf as yet unossified part ncarly all bone anlage contain ossification centra The
method can also be used on newhorn mice up until 31 dass of age

1 The fetuses are removed from the ulerus and separated from the placenta, um
bilical cord and membranes

2 Frusceration 15 carried out by means of two small pairs of curved tweezers (eg
eve weezers) The fetus as held with the one pair of pincers and the whole set of
organs can be campletely removed with the other pair through a horizontal cut
in the ahdomen Further from regio nuchae are removed 2 cushions of fat which
rom experience are an obstacle dursng further obsers atinn of columna cersicalis

3 Fization with 70 per cent alcohol for 3 days The fitation and the subsequent
procedures are most easily carried out by using Petriplates divided inlo 1 parti
Liens

1 Maceration 15 undertaken with 1 per cent patassiumhydroxyd The best results
arc gchicved afler 5 davs treatment with daily removal of the discharge At the
same time lacse bits of tissue and shin can be remmed 3o long as damage to the
columna and extremitics 13 avoided

§ Staunng 1s achicved with & solution of 070 g acid alizarinsulphonic sodium salt
(alizarin %) 1n 1 | pure glicerine The process should take at least 72 hours

% Clearing of the Ietus takes place by replaring the coloured discharge with pure

#licerine After 48 hours the glicerine is renewed and the preparation can there
after be kepl for at least 1no vears

o . . ' -
sh . n .
O . - - .
- - . "t
- LY

4wt was spoilt by the preparation technlque
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STAINING OF POLIOVIRUS ANTIGENS WITH THE FLUOROCHROME
ACRIDINF ORANGT

Iy Marianne Ohlson

Staining with the fluorochrome acnidine orange was applied to poliovirus antigens
scparated in agar gel double diffussion (mrcro scale) Under controlled condibions
this stain 1s considered to be a speaific nueleic acid stain A staining procedure
adapted by Hayor & Duwvan (1 2) for studies of punfied poliovirus preparations
was used The dyc is to some extent attached to the agar If no fixation 1s nsed the
agar fluoresces vers faintls If stained after fixation the apar fluoresces in green
providing a green background to the red RNA fluorescence

In natine poliovirus preparations two separate antigens are encountered a heat
sensitive (D) and a heat stable (C) antigen (3) Trestment at 56° C rapr 1)y converts
the D antigen to € (3) Ja mmmunediffusion D and C can easih he separated agaimst
appropriate hypersmmunc sera or human sera However the sjontancous C anl
the heated antigen cannot be distinguished from each other by immunological means
as itlustrated by the reactions of full adentity 1n the fig

Fagure

treated 30 min at 56° { contaming (nlv heated € s; aumea paig hyj crimmune
werum against natine antigen centaimng antt D and ant: € ( spcntaneous )~ s(u-
nea pig hy perimmune serum apainst heated antigen ecntaning only ant € (heat)
D antigen antibody | reapitate shenang red fluerescence
( antigen antsh dv prepitatc sh wing n fluorescence

< preapitates ecntaming D C or heated anhigens
e cranpe at pH 10 To exclule the possible
(us antigens
“  orescenct

1on with
v flwores

1y the D
Y corpitat 1s red fluorescence Ncither the <f ontanecus € nor the heate 1
";‘;j;’;:“fﬁ;h&‘.\ﬁ& in red nol even afier freaty n A fant gren flucrocence
2

r have heen obsenred by the green backgr und
mlﬂ::;l’l’:;{”r‘:‘sulls were obtamed with all three tyyes £ bovirus (el Brun

The three kinds of poh viru

stained with 001 per cent acrud

::j;:xentcﬂc of variations i staining between different agar 1 lates the varn
- . \ .

1 gical
rom the Virus Department «f the (cniral Bacteriol
Recensed 2: ’S':&a\,\\‘fo\m (s This inv(sUgation was supy o ted by a grant from
L;bgl:“;:s‘h"\almnal Association agains{ Poliemypelitis
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fulde, tspe 2 a wild strain 1solated sn Stockholm in 1954 Sthim 5365, ty pe 3 Saukett)

It 33 thus ¢vident that the D antigen-antthody complex shows R\NA fluorescence
with scridine orange The attachment of antihods to the virus does not hibit the
aachment of the dye, ' - * C precipitates supports the
. \ the C fraction (4) Possibly

d m clectron mierosceps of

By heating the D antigen at 56° C its staming capaaity Js Jost This could be
explained 10 several ways

1 The nucleic acid has escaped through the damaged proten capsid

2 The denatured protemn capsid 1s impermeable to the stain

3 The steric structure of nuclesc acid 1s lost

This staining of poliovirus antigen antibody precipitates provides a good tool for
wdentification of the D antigen

References 1 Vagor H D & Diwan A R \rology 1% 74-82 1961 —2 Mayor

aff
590593 1957 —5 Horne R W & Vagington J 1 Mol Biol { 333 338 1929

FAPERIMFNTAL TRANSFORMATION OF THE GROUP SPFCIFIC COMPONENTS
(fie) OF SFRLM INTO & SINGLF ALPHA 1 GLOBLLIN 1ML NOLOGICALLY
IDENTICAT WITH THF G

By B MNerstram

Jo addition to the normal Ge gecups Hirschfel { deseribed variant patterns showing
abncemally fast migrating (e precipitates (1)

During extensine famils investiKations performed at the present labsratory
concerning the herudits of the Ge §roups a Sundar paltern was <ncountered only
once and the samplc 1n question W as old and apparent!s gros<ls contarmnated By
exsmination  a fresh sample from the same persen a completels normal 1 1
pattern was dom natrated §2)
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Howeser, during an imvestigation of the Ge groups 1n drv bland stains a distinet
transformation of the Ge patterns was observed (3) The normal Ge precipitates
were more or less weak d or had letels d ed concurrently with the
formation of a new precipitate 1n the ar Tegion 1 113 1dentical
to the Ge factors The transformation appeared to affect the 2 compcnent earhier
than the 1 component but the configuration and localization nf the new ay prea
pitate was independent of the original Ge type of the sample Similar changes were
found n some grossly hemolvsed samples especrally small samples of capillary
blood from children (see figure) or samples which accidentalls had been frozen
soon after they had been withdrawn The abnormal pattern was not observed
serum samples which had been dried or frozen after separation from the cells

Thus a disintegration of fresh cells in the serum appeared to be a condition of
the transformation which as a working hypothesis might be due to an enzymatic
action Experimental results appeared to corrohorate this assumption Fresh samples
of whole blood were hept overmight at 20 degrees below zero and after thawing
incubated at 37 degrees centigrade Already after 2 hours but more pronounced after
4 hours incubation all samples showed the characteristic patterns described above

In prehiminary esperiments using ccll free serum and pure cell fractions 1t was
shown that the transformation was produced by disintegrated leucocvtes and throm
bocytes whereas admixture of undamaged eells or disintegrated crythrocytes did nat

Tob

provoke the transfcrmation Using disintegrated leucocvtes in varving dilutions
the whole range of transformations from a shght anedic extension of the normal Ge
precipitate ta a complete disappearance of the latter and the formation of a pro
nounced new ap precipitate was demonstrated

In further experiments a sumilar transformaticn has been produced by treating
the serum with disintegrated yeast cells and with a commereial jrofeolvtic enzvmu
(bacterial protemase NOVO)

References 1 Hirschfeld J  Progr Allergy 6 155 186 1962 —2 \erstrom n
Acta genet (1n press) —3 Verstrom B & Shafte Jensen J  Acta path et microbiof
scandmnay  (in press)
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