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ON THE OCCURRENCE OF MONOAMINES
AND RELATED SUBSTANCES IN
FAMILIAL MEDULLARY THYROID CARCINOMA
WITH. PHAEOCHROMOCY TOMA
By
Bosver Faren Orro LicaeBerG and Evard RosenGren
Reccived 10 11 6%

The syndrome medullary thyrowd carcmoma associated with phae
chromotytoma hnas recently been defined as a specific hereditary
enlity {20 16) The thyrowd cancer in this syndrome 1s of the other
wise rare medullary type describud i 1959 by Ha ard Hawh £ Crile
(13) who emphasized the diagnostic sigmficance of amxloid substwnee
1 the stroma of this tumour

The histogenesis of the medullary thyroid carcinoma 1s obscure and
the pathogenesis of the syndrome therefore emgmatic Some anthors
believe that the amvloid material m the thyroid tumour probably con
sists of thvroglobulin ke substances and thit the medullary cara
noma majy be a thyrord tumour derived from follicular epithehial eclls
{1 12 21) Autoradiographic studtes after the sdnunistration of In
belled 10dine to patrents have however failed fo demonstrate any
radio 1odine within the amyloid or the tumour cells (15} On the
ather hand 1t 1s noteworthy that tumour cells displaying a positine
chromalfin as well as argentaffin reactron have recently been found 1n
meduliary thyroid cancer (Ljungbery 1966 unpublished obseriations}
It 15 therefore possible that the medullary thyroid tumour and the
phaeochromocvtoma m these patienls are m some way related to cach
other or al least have somc causal princple i common This view s
possibly supporled bv the mulhifocal character of the disease (mulhiple
medullary tumours m one and the same thyroid gland the high ma
dence of bilateral adrenal lumours the occurrence of other neural
tumours)

The non acinar parafollicular cells also known as G cells (17) of
the thyroid gland which hasve Jong been recogmized 1n several mamma

The imestigations were supported by grants from the Swedish Cancer Sociely

(67-111) and from the Suedtsh Med: al Research Councd (B8 12X 71° 03B and
B68 14\ 56 04B)

1 acTarvs 1



2

hian spectes have reecntis boen reported Lo posseas the capacids to
form wnd storc certmn monoamines Such anmine mechanisms 1n the
pafolhenlar edls e been demonstrated o maoy mamandian
spectes Including mun (1G5 Chese OHndings Fse 1 new possiinlily of
Ataching problems eoncorming the hastopanesis ind iochene! el
rictcristics of thie colls constituting the meduttars thvrod encer

MATIRIAL AND METHODS

Tumcurs from four patients with the familial svndrcme were used (Table 1) ri
two phacochromocytomas (caves 1 and 4) and three me tullare thyrid carcin mas
{cases 2 3 and §) The phee chrimocylema «f case ™ eculd net be made available
for analvsis and In case 3 no phacchremoest tma has been found AL ur patients
had th rfd tumours theee ¢f which are Included n this investigation The f urth
patient (ea ¢ 1) hal heen thyroldectomized 3 vears bef re the beginaing of the
prevent stuly 1n cazes 1 2 and 4 the thvroldectoms preceded remanal of the
adrenal lumours by 7m nths 16 3 vears The three § atients with phaecochrom et
mas which were unilateral in alt cases (Nas 1 2 and &) had ha § epfsodes o f Brady
eardin younding headache peripheral pallor d spnoca Oillwed By tach cardia
teripheral vascdilalation and 1> s me exient also swcaling “onre had sustained
arterial hyp ertension In 3 patlents (Nos 1 2 and 4) the urinars excreticn of cate-
cholamine metatn lites was increased (see Table 3 these analy o3 were Mndly car
ried out by Dr 3t ponp Sfuimit at the Department of C(linical Chemistey € eneral
Ho pital Malma) The patlents In ¢a es 1 2 and 3 are sisters and the patient in
case 4 i3 & cousin of these The tamils has been dessribed in detall elscwhere (16)
Apart {from Jocal sul culancons administrati n of 15 50 ml of 1 per vent earbicaine
with adrenaline before thyroidectoms n ne of the atients were given airenaline
noradrenahne or selated sul sfances In ¢ pocetion sith the (perathns No alrens
Une was found in the sub equent chemical analvsis of thyeald gland tissue (see
Deloy ) Iiecause f arise in the 61 »nf pre sure paticnt 4 was gnen § hentolamine
during s irenalectimy  This sulstance however is not hn wn ty affeet the tissue
stores of hlogenic 1 n aminrs AL f ur j atients were aperated wpn under genersl
anaesthesia

immediately after remossl of the tumsurs representative 16 sue picces were
quenched in tiquid propane coslet by lquid nitesgen The tissue {or chemical
snalysis was immediateds placed in 03 N\ perehloric acld at 0

In the hist chemiceal Investigation the flucrescenve meth d of Falek € ilflarp was
used. The technfcal details of this method hase Teen desenibsd elsewhere (91 This
methed allows the ¥ of 5 hyir tsimplamine ant
some closely related sul stances at the cellular level It is based on the principle
that in nearly dry environments the amines ¢ ndense with format fehvde to form
campounds cxhibiting a strong flu rescence upon activation with 1V tight The

of the halami emit a green t s metimes (whea occurring in

high ) vellow green whereas the fluor g hote of 5 by
drcxstraptamine exhibits a yellow Jight under the opticat conditions used ¢(9) It
is thus possible to distingubsh botween the catechol derivathves and the indole
derbystives Yurthermare secondary such as 1 need longer
treatment in formaldehyde gas t devefor maximal fluorescence than dn primars
catecholamines

A

) fne anl 5 hudrovstriptamine « ere assayed by
spectrophotofluorimetric methods (2 3) For routine histclogy the following stains
were usel hacmatovshn-ervthrasin Congo red mieth 1 <rolet and van Cuwesons
staln Frery tenth section preparet $or fluorescence micr scopv was stained with

h Yin e3sin 1o facil ce!
The cases of bemign goitre were studied as control material (Table 2)
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RESULTS

Pathological Findings

The thyroid 1umours from cases 1-4 were rounded with pale brown
slihtly bulging cut surfaces kach thyrod studied showed sesveral
well dem yreated arcas of tumour tissuc They were often enclosed by a
narrow connceline tissuc zone Here and there were small arcas of
calafication

\icroscopically all four Lumours were of the medullary cancer type
Some areas showed the features described by Ha ard el al v e tumour
cells of roughly umform appe irance arranged 1n an rrregular trabecular
paltern 1 1 connectine tissue stromn with \arying amounts of amyloid
reacting posilivels with the stuning methed used Olher arcas—some
times cven n one 1nd the same thyroid gland—simutated a spindle ecll
tumour with clon.aled tumour cclls arranged 1t whirls and streaks In
these arcas the stroma was sparse and the amount of amyloid material
was scanily The neoplistic celis were of fairly umform apperance with
few mtotiec figures There was a marked tendency to palisade arrange
ment of the tumour cells In some arcas small uniform cells were ar
ranged 1 1 carcmowd 11l e pattern with rounded clusters of varving
size separated by a connectine tissue stroma Some of these clusters
contamed small amounts of amylowd malerial The marginal cells were
often columnar nd were arranged 1n pahsade like fashion

The adrenal tumours weighed 67 grin case 1 27 1n case 2 and 1020
m case 4 They were all rounded and encapsulated wilh small islands of
yellow adrenocortical tissuc outside the capsule 1n ease 4 small areas
of such hissuc were also enclosed within the capsular connective tissue
In case 1 the lumour was solid 1n cases 2 and 41t was cystic The cut
surfaces were pale somewhnt red brown but 1n seme areas thore were
degeneraline changes with neeroses fibrosis and caletfication Histolo
pically typical phacochromocytom hissue was observed with rrejular
cells rich 1 cyloplasm and with rather polymorphous nueler The cells
were usually arranged i small clusters but 1 some regions they
showed noarsegudar tebeontar puiern The siroma was nsnally sparse
but richiy vasenlarized No amnloid substance could be demonstrated
m these tumours

‘The five tumours used as control matenal included four (cases 5-8)
with bent,n 1t or multinodular follieular ad tous goitre
one (case 8) associted with Hishumolo s thyroidiis The fifth (case 9)
showed granulomatous thyroiditis

Instochenueal Investigation

In all four eases of the mcdullary tivr 1d cancer a formaldehvde
induced green to vellow grewn fiun 1 pj Lared 10 many tumour
cells irregularly distributed among no1 1 1osuent tumour cells (Fig 1
and 2) The proporlions of fluorescent ad non fluorescent cells van ;\:



LI
Melullars thve {d carcinima  f case 4 Carcin 11 Yihe pallern with atundant ¢ N
exhititing a green fluore cence

big ?
Medutlyrs thaysoi) capcinoma «f ca ¢ 4 The str ngest fu rescence ds i glasel )
the ¢ lumnar cells in the margins of the tnmour cluster
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from one part of the tumour lo another The fluorescence which was
confined to small evtoplasmic granules did not appear when the for
maldehyde treatment was omitted A fairly long exposire (20 min ) of
the seclions 1o UV light brought about a clearly visible decrease in Lhe
mntensity of the emitted hight Furlher there was no demonstrable 1
erease 1n fluorescence mtensity or number of fluorescent cells 1n the
specimens that had been subjéeled to prolonged treatment (3 hre)
formaldehyde gas There 1s thus strong reason to believe that the ob
served fluorescence was derwsed from 1 primary etecholamine or some
closely related subslances (ef 9) No specilic e formaldehvde in
duced flnorescence was (ver seen 1n surrounding normal thyrowd hissue
excepl in some adrenergic nerves However n all specimens whether
treated m formaldehvde or not abundant cells appeared n the tumours
as well as in lhe surrounding normal thyreid tissue which contuned
cytoplasnuic granules displaying an orange sometimes vellow auto
fluorescence Only sparse amounts of arterial vessels were seen within
the tumotr masses In conneclion with these vessels green fluorescent
varicose adrencrgic nerves were observed but only few much fuwer
than ordinanly scen n adrenergic vascular plexus No speaifie fluores
cence could be observed in the amyloid masses that exhibiled 1 very
weak dark greenish colour nor did the tumour or the normatl thyroid
tissue show any specific vellow fluorescence indicating the presence of
5 hydroxytryptamine

In the medullary thyroid fumours of cases 2 and 3 some arens showed
the histological preture described by Ha ard ef al (13) In large parts of
these reas onlv unspecific fluorescence was seen but some re.ions
showed uncienly scatlered cells with the speeific fluorescence de
seribed above They secmed to be most nimerous m zones close to
unaffected thyroul parenchvma but were found also in the central
parts of the tumour

In case 4 areas with carcinmd like and spindle ecll hke patterns
were sten In Ihese regions the speaific fluorescent cells were qlso di
stributed unevenly bul where they oecurred they were usually very
abundwt The eareinod hke areas seemad to exhubil the most intense
fluoreseence here nearly all cells displayed a green to yellow green
cytoplasmic fluoreseence with varymng tntensity The margmal eolum
nar cells arranged in the paliside hke fashion mentinned above flu
oresced more intensels Lhan the cells of the central parts { the clusters
(Figs 1 and 2)

In the thyroid malernl from Lhe five cases of benigh gmtre no struc
tures developed specific fluorcseence cxcent the adrenergie sascular
nerves

Txammalion of the twe p* wo ¥ —as ¢ oses 1 and 4)
showed ns expected an extreny Iy fe 1y rscence The
cnulted haht wis setlow to v tow c vhich oceurs

m cells storing lirge amoun ~ of cu 1 s V) Some of t}
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nucla appeared non fluorescent olliers displaved a wesk green flu
orescenee espeer v i the nacleolr The eqnse of the nucleolar fluores
cunee ts not understond but it may be 2 diffusion arlef et The inter
stiinl tassue strands showed a strong, green fluorescence which hie
the cellulir fluorescened w s absent an the fissue piceds not trested
with formaldelsde g5 The technigue used for processing the lumonr
tissue for fluorcseence microscopy does not scem to allow such an
artif iehious displacement of calecholimines the phcnomenon refleets
rather a rddaasc of eilcehol mines from the celis (possibly during the
surgteal proecdure) Sections from maternal not troated with formalde
hyde showed only a very waih greenish flnorcseence

Chemcal Investigaton

As ¢an be seen from Thibles 1 and 2 the presence of 5 havdroxtrsp
tanune was demonstrited in all the medullary thyroid tumours s well
s 1n the phicochromoeytomas mvestigatad while ne 5 hvdroxying
tamine could be found n the refurence specimens (crses 5-9) The
noradren thne contenl of the medull ey tumours did not diffcr siamfy
canthy from tht of the rdference matertal The phicochromocy tomas in
cases 2 anid Feont nndl vso dopumne nerdrenthing wand 2drcnaline
concenlr iions expeeted i this tupe of tumour

TABIT
The Content of Catechalamines ant » Hydr xut in Phacochromoept
and Medull sry Thyret! Carcinoma

Ner 51
Cose M Sex  Tepeof tumour Dovt adrena  Adrena drom
R line npta

1 {4 b4 I haeochromocs toma 56 5010 1330 03
Medullany thnr i Histochemical and chemical
not jerfi rmed

2 57 ? I hacochromncey toma Histochemical and chemical
examination not j erformed
Medullary thsroi |

carcinoma 0 014 0 103
3 53 Q Ve lullary th rowd Ogls hist chemieal examina
carcinema tion performed

4 41 ? Phaeachromocitoma 127 310 1320 090
Medullars thyrart
carcinoma o 006 [ 030

The values are piven in gxg/g tissue wet wei ht
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TABLE 2
The Content of (¢ and 5 Hyd,
in Fwe Cases of Bemgn Goilre

5 Hy
Nor  Adre
Case  Age Dopa droxy
ase e sex T3pe of goltre Dome sdrens ma (TR
mmine
5 49 9 Multiple follcular adenomas
+ Hashimota s thyrouditis
Possibly shght hy perthyroid o ou o o
6 2 9  Solitary follicular adenoma
Futhyrold o 006 0 o
789 ¢ Multiple follicular adenomas
Euthyrord o o0 0 o
8 58 9 Multiple follicular adenomas
Tuthyrotd o o o o
9 3 9 Cranulomatous thyrouditis
Euthyrord o o o o
The values are given in pg/g tissue wet weight
TABLY 3
Urinary Exeretion of 8 Methoxy 4 Hydrozy Mandelie Aud and
Vetaadrenaline plus \ormetaa irenaline
37Methoxy ¢ Metasdrenalme
Case Age Sex hvdroxv mandele  plus Normeta
years actd adrenaline §
1 » 9 112-186 100
2 52 ° 5471 30-50
3 53 H 35- 48 04
i i H 334-366 1214

All values are given 1n mg/24 hours
According to Pisano et al (19) “ormal range 37-66 mg/24 hours
§ According to Pisano (18) Normal range 0-12 m./2$ hours

DISCUSS10N

The hst analyses the presence of a cell system 1n
the megdullary thyroid carcinoma displaying a speaific fluorescence
(confined to fine cvloplismic eranules) characleristic of primary
catecholimines and certam closelv relited substances According to the
chemucal analyses however no dopumine or adrenaline could be detee
ted and noradrenaline was found to be pr sent only in amounts equal
to those present an the reference ¢is < f buruzn goitre Moreover the
concentritions of noradrenaline w 1 fir 105 low to «xpiuin the intense
fluoreseence exhibited by numerous tumour cells but might on the
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other hand well reprosent the nordren ihine in the adronergie noras
As 1o the raason why the sesults of the chemieal analvsts swere not i
aceord willi those of the lustochenmeal nthvsis the follosang posst
lities desersc attentson

1} The ftuorophore 15 not dorised from the e techol imines bat from
some coschy sehtad substned which enn condonse with focmaldainde
fo w intcasads ftuoreseant derndise but whieh s nol demonstrablc
In the chomre it methods used Analvais of the unnd from mans of the
Wfceted members of e Dimidy showead that 2 farge pert of thie unnain
citechohimine mctiboliles consisted of mthoxy dermataes demon
stealile by the hustachomienl but not by the chonuer! method uscd
Another concenvable possibilits as that the fluorcseonec 1s not derved
from an ame Wt Trem & rAdned ameno acid The cxastonce of o
logical storage mechinisms for ammo acids of this vpe has been
questianed hut al hos reeently been shown that DOPA oceurs 1 con
siderable quinbitics in hunnin nadignant meltomas (6 7)

In thrs conncehon 1t should he pomted ong that the hstochome iy
dumonstrated substance necd not e Formed i the actual tumour celis
I ihese eclls dernve fram the poar dollicular el sstom thes may well
possiss A mechnnsm for tahting up nd concentraling mono imine
wd their precursors It hos been shown that the parafollicular cdls
twhich pormally contun reitevedy harge amounts of 5 hvdroxstnp
fimine 10 sheep and poals) in mouse thyrosd effcetisels tthe up bath
L-DOPA nd o Indroxaimptephan and deearboxylite them o enr
responding 1mines which are then slorad an the evtoplsm by a mechts
nism that 15 sensitive to reserpine Dop anne and § hvdroxstryptimni
wl the dsamers of thar preeursors pass wto the eells to 1 minor
extent (1) Furlther ot has recenthy bheen demonstrated that these
wmine acids are tihen up by parollicular cells in several mammalin
specrcs teluding man (10) In view of the common co custence of
phy aciromoces tama tn the present matern il such an uptahe mechiism
wt the medullary thy roid tumour cells engot he cxeludcd

2) Anothcr possitilits that should porhiaps be borne o mindg 1< that
the lumour cclls contun some of the knowr catecholanunes hul that
the amae i the mabgnant cell 1v so firmiv bound that it eannot I
cxiricted with the method used

The fict thal 5 hydroxsvir ptamine which has been shown chomenih
ta occur m medullnry thyrowd cancer could not be demonstrated by
hislochemie ) methods also calls for an explnalion It 1s posstble tht
aweah 5 hvdroxytry ptamine fluorescenee mas be mashed by the vdiow
wloflnorescence or eten by the green fluoreseence swce a cell may
contam more than one hiologic 2y ctine amine (4 10)

A further possibihits 1s that tns amme which occurs 1n onlhy rdda
tiseh sm) quantities 1s dsffusely distnbubed 1n the tumour and there
fore cannot be demenstrated hustochemueally { alek et al (unpublished
observations) recently showed that some experimental melimomas
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contain considerable quantities of DOPA which could be demonstrated
h 11y but not by } hemieal analyses according to the fluores
cence method

The findings reported above appear to warrant the following con
clusion 1he fact thit 5 hvdroxyirvptnmine was demonstrated che
mically and that an extensive cellular system n the medullary thyrod
cancer stored a substance in ntracytoplasmatic granules wich under
the histochemical condilions used condensed with formaldehvde with
the formation of  fluorescent dernvatne sugqests thal monocaminer,ic
mechanisms operate in certain tumour cells 1n the hhi of our present
knowledge of gIC n parafolt r cells this
suggests that medullary thyroid cancer may be derived from the non
acinar parafollicular cellular system

An unexpected finding was the presence of 5 hydroxyiryptamine in
the phacochromocytomas In this respeet the phacochromoctloma in
the medullary thyvrowd earcinoma phacochromocvtoma  syndrome
seems to differ from olher tspes of phacochromocttoma not associated
with medullary thyrord cancer

SUMMARY

Tumours from four patients with familial medullary thyrord carcinoma
d with ph hromocytoma were investigated by chemucal

analysts and the histochemical method of Falck & Hillarp for demon
strition of certam hiogemic monoamines and closely related substances

5-Hvdroxyiry ptamine could be demonstrated chemically n all the
medullary thyroid tumours as well as i the phacochromocytomas m
vestigated while the noradrenaline content of the thyrowd cancers did
not differ sigmificantly from those of a reference material consisting of
five cases of bemign goitre

The h h 1 analysis disclosed the presence of a cellular sy
stem 1n the medullary thyreid careinoma displasing a specific granular
cvlopisnc tTuorescence chinractenistic of” compounds as the primary
catecholamines while no fluorescence characteristic of 5 hyvdroxytryp
tamine could be observed Possible explanations for this discrepancy
between the and the b )i 1l findings qre offered

The fact that 5 hvdroxsiryptamune could be demonstrated chemicalls
m the meduliiry thyroid lumours and that numercus cells i these
tumours exhibnted a speoific fluorescence when treated aceording to the
Falel Hillarp techmque argues for the prosence of monoamincrgic
mechanisms 1n some of the tumour cells ana suggests that medullary
thyroid cancer may be dernvated fr ™ the pr  Ollicular cellular system
of the thyrod gland

These findings support the 1+ nt ) mmon principle n the
causation of the thyrowd ind ¢ this syvndrome
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EMTRASKRELETAL RETROPERITONEAL
OSTEQOSARCOMA PROBABLY
ARISING FROM MY OSITIS OSSIFICANS

By
O H Jamvt H T A hvist and PV Vanio
Recenved 15 hi 68

The question whether an extrasheletal osleosarcomn could develop in n
mjyositis ossificans focus has been much discussed 1t 1s quite evident
thal those authors are right who nsist that many early cases of myo
sitis ossificans have becn musinterpreled as sarcomns by pathologisis
{Fune & Stout 1956 Acl erman 1958 Aclerman & Spyut 1962 Gimer
& Anderson 1909 Vobws 1963) In spile of hus exlensive experience 1
bone patholory Acherman has never personally idenbified a case of
myositis ossificans with sarcomatous transformation Fine & Slout
(1906) howeter collected 10 cases frem the literature and had an
additional two of their own i which some support could be found for
the hypothesis that a benign tumour mighi change mto one of mahgnant
nature but histologieal sludy of the pre evisting tumour was done
1 only one of the reporled cases (Coley 1913) Tarher Shipley (1940)
had collected four cases of development of osteosarcoma 1n pre existing
myositis ossificans not referred by Fine & Stout Uchlinger (1950) and
Colltns (1966) share the opinion that osteosarcoma may develop from
myostlis ossificans

in the following an osteosircoma case 1s reported m which the most
probable explanalion of ils origin 1s development from a myositis
ossificans focus The case 1lso atiracls ttention beeause of the location
of the tumour 1n retropenitoneal lissue The great majority of extra
sheletal osteosarcomas described have been located to the extremities

CASE RFPORT

The patient a 55 year old charwoman had been examined earlier on March 17
1960 in the out patient department becau ¢ f upper abdominal pain The roent
genograms revealed gallstones and in addition a mottled caleification nearly 2 em
1n dlameter at the le el of the NI left intereo tal space cl se to the sp ne (Fig 14)

Because of a mass in the left upper abdomen the patient was admrtted 1o August

Address for reprints Dr O I Jarvi Department P th logi al Anatomv Um
versity of Turku hnnamylisnhatu 10 Turbu 3 Fu land



Fig 14
R eatgenogram March 7 1900 The contrast filled st mach vhows no abaormalyf
ehind the tomach s a portially observable roang cakeaficd brey {arrons!

197 &t department of surgers st the flegronal Mo pital st Hauma She ha!
2 tred the kewly gre simp tumour some throe month earhier and had twperfence !
de realls ratinting pain Iow in the atdimen cn Bfting There were no treegularsties
i brwel functr n v mucturati o

On admyssien the patient was in g nd general ecndit n wath normal heart and
Jungy The cihimeatat: n retc ws 21 mmsh the haem ghobmn 172 mg per cont and
the diffirentiatel bt ud ¢ unt normal Sase for albugmnuria the umpalysi was
nen contnibat v The serum creatinine fevel wa 875 mg yer cent & fim nn
tender tumour the tize of a childs head was felt 1 the left upger abid men antd
there was kU s1 d denderness on percussion in the back.
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Roentgenogram “osember 11 1965 after removal af the main bulk of the tumour
The calerfied hodles in the upper retreperitoneal tissue are still visible

posits a soft tissue shadow exten led into the region of the left peoas musele and
kidney Diffuse striation and blotchiness mndicated also a j ossible caleification of
this tamour A barium meal revealed an otherwise normal stomach but the angulus
was dislodged to the right because of external compression An intravenous pielo
gram disclosed slightly deformed lower calyces on the left and some compression
of the left ureter

With 2 pre opcrative diagnosis of a left renal tumour laparotomy was performed
on August 19 1965 The 20 em long smooth casily bleeding tumour however was



Fig 2
The rem ned tum ur cleared

not of renal ongla but was fhmly attached to the postard ¥ abdominal wall from
the lower pibs to the stiac fossa and Lkewse on its ventral and left surface to the
transierse and descending celon The ties of radical removal of the tumaur wos
shanfontd and only & bopsy nas prrformed The histologicel diagnosis established
on the basis of the remocid spemen was Fibroma ossilicans (Fabrosarcoma?}

As the malsgnaney thus romaincd useertarn a fasther attempt to vadically re
Taove {he tumbur was decsded on espucnally 2s further groeih probably womld
abstruet the colon On September 3 196> the twmour was removed aud although
no maerostopieal hnfiltration of tumeur lissue ynto the jntestinal wakl could be
seen the twest adherent part £za 30 cm) of the enlon was simultancously excised
The stomach and the rest of the infestrnes were not atloched to the tumour nar
was 3t adherent to the spine whs aorta or any parenchymal organs o large vessely
entered the tumour but there was massive diffuse haemorrhage Only dissection
ol the tummanr from the upper retropentoncum was dafficult the fatter seemied also
to b the porat of xts orgsm Mere a ragged area remxwmed after removal of the
|‘\;qur and postoperaine roentgenograms revealed residual caleified deposits in

5 area

The semosed tumonr werghing 2879 g was almost the size of a soccer ball The
surface was faisly sinooth and coserad by a thin capsule it was possible to eut
the temour with a kaife althaugh it oas remuascent ¢f cancellons hane and con
falned several very hard wreas (Fig 2

The piatient made #n uneventual recorers On Sepiember 17 the ollawing labora
ory yalues were recorded ST 98 mm/h Ygb 106 mg per cent atkaling phosphatase
46> T L umts and phosphatase 850 1 L umis sevum calanm 80 mg per cent
X ray examination on \ovember 11 revealed wmereased bintehugess tn the stea of the
resdual ealei{icd dephsrds an \be upper ahdomen (Fig 1€y

I December 196a the palient was re admitted because of deferloration of her
§cnerul health and loss fo weight Palpation of the abdoren resealed an extensne
rm mavs ol neesly e local vecuvsente The patiest expared on Jaswary 20 1968

AUautopsy nothing abnarmal was found sn the brain and the cemvical and tho
Tane organs There were estenshe adhassions betwgen the intestmal fops v the
bdomnal canily and sangutwolent flaid an the right sde A unifoew plate of
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The ablominal situs at autoj s Januars 20 1966 Boma tumour masses extend

from Ift uiper part of the retreperstoneal jace alwng the visceral and parietal

tertoncum and ovir the midline and as far as the pelus Sescral darhetomed
samiuin lent ey ts are secn in the tum ur i sue For further detayls see teel

lissuc harla one yritruded from belw the costal arch on the left extending
transsersels to the right ab ut 7-8 cm acriss the median Lme (Fiy 39 1t follons |
the omentum and the mesenters deep £ the roat Similar hons tumetr fissae was
demonstrated 10 a sociation with the parietal | eritoneum on the abdominal surface
of the diaphragm i the porta hepatis and on the anterior surface of the pastrs

serosa which als, disglaved lare vesteles contaiming blachish red blwod  Tamonr

ATT M a Ao
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Pentencal tumour Lissue §a the upper part paralells runnrag asteold trabeestas

1 {he lower past spongy rather well differentisted hone Hzematorytin
van Gleson X 30

Hssue was most abundant 1a the area of the Bursa omentalis which it appeared
to 1l comy letehy

e tamaur conlmued fcom Yhere lo the vicmil) of the pancreas and the left
adrenal gland but these organs were well preserved The spleen oo ®as associated
clasely with tumour tassne but it mas puasuble to expose fts capsule almost atact
The spleen weighed ® 8 g Induration and some hony nodules were encountered also
in the region of the ulerme o had Been b mn the
wyscles except 1n the saphragm and there too the relats ashp with the muscalar
ismie Wwas vucerimn martoscopieally The twmour fisste was cancellous on the
sectson surface fairly soft get distractiv ossuified w the margnal parts A plara
shzed o 1n whach, alsash 4 wahad, oo the dlaphsagm, was obsamed abace tha lelt
kidaty orresponding to the roundish shadow established In the roentgenogram
The n de was bony surroundded by tally hissue and Yyiag separate from the tumour
ssue and the organs of the abdominal cavaly 4 amaller beam et symolar §odsy
#as situaled <f e 1a the previans one The tumour tis ue B3t nal directiy fon
sected anywhere with the rits spine or other bony parts although 1t clssebr ap
proa hed the vestebraz There was no connection between the Kidoeys and the
tumonr The hadnevs uere of narmal struclure and weaghed 130 g each

HISTO1O0GY

The first iopsy specsmen (188 62) was small and hard to interpret
Tentstive diagnosis Fibroma ossificans of fibrosarcoma with osteowd
elemonts

The' specimens from the lumour removed at operation and at &y
topsy gave wdentieal metures Bone formshion was widely distnibuted
o
2 acrawars 74 1
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Another alle ol peritoncsl intramembranaus «steatd wnd bine formatfon The la
mellar structure «f the original periteneum i3 evident In the 1 wer part fiirous
sarcomalous tissue Taematr xvlin—van ( feson X 0

e most speentnens ftoadw ws amvolved 1 dircet transformation of col
Ingen to bone earlilipe naver oceurred In he peritoncum thore were
often paraliclly running osteond or bony trabeeul e whieh in (he doper
tnyers were often replweed Iy 1 more spongy orpmized and partly
catetfied bone (Tigs 4 and 5) Both bonc and ostcosd stained weth
perodic acid Schuff (PAS) method but with Alan blue (acetie aeid
3 pr cenl) onlv osteord bone gave a positne stuning The opposite
restlt was achicsad will von hossis method for demonstrating et

cium Cellulir tumour tissue ws situited belween the trahecul i The
cells were mostly spmdle shapcd somclimes rounded nd Lhere was
fine reticulin but only semty collien nd no clastic fibres between
the eells A definile but not very marl ed atvpryn the size and shape
of the nutcla with 1 certain amount of hyperchiromacy was obsers 1ble

Miloses were found 1n moderale numbers Both PAS staun and Best s

VNS at N d
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Fig 6 Celular f brous sarcoma tissue with oste clast type gant cells In the upper
part necroms Haematoxyhn—van Greson > 90
Fig7 Sinusold vems » ith trabecular hons nctwork around the sessels The bone
and medallary comnective bissue show no sigos of malignancy Small ac
2 n of trab t

o tarrons)
shin—Easin % 30



Fig 8

rig 8

Tigs 89
Transformation of the lamellar canccllous bone with fatts marrcw into
osteord cellular tumour tissuc Haematotylin—an Gieson X

Transformation of the cancellous non malignant

bone into cellular sar
coma tissue Haematoxylin—Eosin X 60
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carmim st umng eherted abunidant gluepqen granutes the tumour
cells partieularly n osteoblasts round tie homy irabteudr Tn places
1n the twmour hissue larpe venous siausords were noted and often
numerous multinnelear gaant eells of osleoclist type were deleetid
outside their wall or there were solid celludar arcas with yinnt celis No
atypiy was found m the nucter of the pint cells (Fiy, 6) Snill Alon
biue postine i wales were often abscried in therr plasm pethaps
desin, from osteaid material Somelimes the smusoids were sur
rounded by 7 regular fine bone nddworh of I hiy dufferentivied strue
ture (Fig 7) In oiher areas bone with the hegnnung of 1amellar appo
silion was observahle (Figs 3 and 9) In these more differentiated
are as the marrow could b quile seanty or it misht even hve changed
to faity Ussue {F1. 8) On the other hand there weri areas with
hnesmorrhatie and neerolie eysts nd eellular and + seular bissue with
out hone structure Multmucleir giant eells could occur m marhed
numbers 1mong the spindic shaped cells (Fig 8) suggestmng tha the
areas possible had developed by osteolvas of the alrcidy formed
ostcord of hone

The two preces of bony tissue found at autopsy nd hiny, separ ey
1 ihe epion of the left X1 nb were aiso examined Wstolo e dly Thas
consisted of fulls mature compact or cancellous lamellar hone (Fips 10
aad 11} o direct transformation to tumour tissue could be venfied in
thesc places In one place there was periosteal activily withount clear
tumorous 2typia 1he marrow consisted of lhun fihrous colla.en or fat
tissue In the actual tumour bssue however the transformation of

Tughly differentiated bone to sarcom itous hissue was cleasls obsersed
(Figs 8 and 9)

DISLUSSION

It 35 difficult to classify the lumour presented here Its hustolo,y 1s that
of osteosarcoma parthy with hich cellularity and osteoid I)o:e forma
hwn m places the fumonr has some resemblance to a vascular grant
cell tumour but dulfers from this in the abundance of hony structure
n other places Ulimucally as well as anatomieally the malignaney of
the lumour 15 ginte evident The rapid progression of growth aiur} the
prmary remosval vesuling i the death of the patwent cight months
znillbz!\ half after the first subjective symploms leaves no rosm for
o

The difficulty lies 1n the ovigin
2t of the tumour At the aperatwa it
seemed 1o be attached to the rebropc ritoneal fissue fmigh on ll‘l‘z left just
:l lh‘(’ ste ;;g;re“mkmed hodses had becn demonstrated by roentgeno
raphy m acroscopicallv and histolooieall
these bodies could be
oxplamed mosi probably as old foer of osttis
myosit1s ossificans n spile of
e absence of any report of traum (o Aok
a1 the history  According to Acker
;:1:‘:: ir::} ‘Sp_]ul only about one half of the msositis osslﬁgcans cases
1story of trwma In the later Toenigenograms {Ausust 1960)



Fegs 10-11
Fii 10 Compat lamclar hone from the reir perst neal cakilied b dy scen 10
Figs 14 B aud € Haematoxshn- Fasie x 30
Fig 11 Mare can elcns lamellar bone from the retroperitoncal calafied body
Second 1n size seen tn Figs 1B and & The cement lines of mossic pattern
are hshnit Haematoxyhin—Foswn X 30
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when a palpable tumour had alreadv developed most of the caleified
foe1 were concentraled mn this area In the recurnn, tumour (roent
genograms Oclober 1960) the same course of events could be cslab
lished Histolosicalls areas could be found 1n the tumour fissue which
were difficult to distinguish from what 15 considered as myosilis osw
ficans There was osteord and bhone formation with nunimal atvpa
allernating with ccllular vascular qiant cell areas as descnbed by Fiae
& Stout (1906) Ackerman (1958) Ackerman & Spyut (1962) Gulmer
& Anderson (1949) and Mobias (1963) 1n thewr pseudosarcomatous
myositis ossificans cases  Of course the zonal groupmg of these cle
ments in a large tumour hike the present one could not have the same
regular occurrence as in the benign tumours described by the authors
ated

Another alternative might be a mesodermal mixed tumour (mesen
chymona) or a teratord tumour in which bone should be onc of the
tumour conshituents However no other tissue mesodermal or epithe
hal could be demonsirited The authors therefore rejected these alter
natnes and dered the final & to be an coma ars
mg from myosilis ossificans

Myosilis ossificans 1s a rare occurrence in the abdominal wall the
retroperiloneal tissue or the lumbar muscular region Strauss found
nonc among, lus 127 cases of myositis ossificans  Geschickler & Vase
rit. (1938) reported one 1 25 cases Acherman (1928) two out of 26
cases Acherman & Spjul reporied one further case 1n 1962 Gilmer &
Anderson (1909) one out of 23 cases and Wobius one case 1n 1963 To
the best of our hnowledge no cases of an ostcosarcoma arnising from
myosilis ossificans mn this re.ton has been published

I xtraskeletal osleosarcomas 1n the region in question are also very
rare Fine & Stout (1926) mentioned mn their suriey of the hiterature
that out of 31 malignant extriskeletal soft part tumours {not located 1n
organs) desertbed four were situated mn the abdominal wall or the
lumbar region among their own 12 cases one was located in the retro
peritoneal space Iowry & Haynes (1961) deseribed an osteosarcoma
observed within the psoas musele 1n 2 63 year old man The predom
nant cells were spindle shaped but monster giant cells also occurred
occasionally There were osteoid well developed bony trabeculte and
well differentiated eartilage wilhin the tumour The tumour recurred
after operation and the patient died 11 months after onset of the symp
toms Jowry & Haeygnes also reported thal only threc out of the 41
cases of extrasheldial osteosarcomn recorded at the Armed Forces
Institute of Pathology Washington three orginated in the retro
pentoncal aren Auerbach et al {1821) reported osteosarcoma m lum
bar <oft tissue after irradinfion and Boyer & Namn (1963) presented a
strulr ¢ase together with another diagnosed as chondrosarcoma with
osteogenic elements all occurring in the irradiated field after treat
ment for a malipnant testicular tumour In none of these was a myo
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sibis ossfiems orn supaested  In the bterture eoncerming redro
perloncal tumonrs Daanelly {1980) nuntioned the accurrenes of hany
ar cifccraus strucdures mov fow of s 95 ewes Aundl & Schulte
Brnd mann (1966) found none among, thar ¢ ises

In Pinnsh studics of ridropertonc ! tomonrs  halima (1913 2
etses) Tofitecqmnls (1% 11 cases) Alwennigen el ol (18,1 30
Cses) Paalanen (10,6 1 cac() md Fofpres (1967 17 enses) the bt
withar desertbed ane fibrosarcom e se wath osseous metaphisin and
wo chondroswrcoma ¢ wses an one of which thore was aloo osteond wd
rithicr wedl devidoped bony trabeeu!sc with loose fibrous mirrow Tht
bist bwn Fada) eaves osansih ox umned sn s hborlon were not
sustable for furtln s sbudy Dcesuse onls o small prece of ech of the
Pand tumonrs was nouhalidc for microscopie mvestig ion

Fhe provent wthors 1o waith e & Sioud i thor sftoment that
if s ositis osstfic s nuphd e he oryin of osleasarcomn the pumber
of such deselopments must be very sl in relation o the Iarge aum
bor of occurronecs of mvasttis osstfic s cses unassoct ved with the
chpge Thesy dded howeser  Perbips the rddatne number of e
of osteogumie sircoma devdloping o mnvoesihs ossificss wouk! Boe
Deen praier of so moany of thom b not been abl ated for surgers The
conscquences of ir s i the rddroporstones) spscc wnd deep sn the
ek mn remain unnoticed and could after o longoer pupied of gasies
cettee fowd to 2 serwus tistise X paradlel process of events could at
fesst he infurred i the thrie aided eases of rulropuritonenl osteos:r
compt doveloped fter aradntion When the time span hetween the
cuse md mabgnizoabon 18 tong the real rweliology must i many cases
renrun obsetird in the prient s ustory and when he finadhy comes for
consulliion the angmd focus mn alrcady be masked by the deve
toped tumour

Another point shich stiracls attention i the present case s the
difficudts faeng the pithologst when he hias to anptieipate the chimed
course beni.n or milipnint psendosarconitons ar snrcomatous from
biopsy specamens Oflun seversl speeimens are certunly necded for v
correct dinosis

staMany

A fald ease of exdrasha bl osteosireoms in the relraperstone! space
1s reparted The tumour 1s thought to hsc arsen from n old myosilis
ossifteins focus demonsirated ab rocnlgeno.raphs five vears earher
The difficuttics of Mstoloqienl griding of the mahgnaney e dis
cussed
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sitis osaficans orpin suprested  In the htorsture concerning rlro
penitonaal tumours Donnelly (1916} munboned the ocenrranee of bomy
or cilecrous struclures in v few of s 93 cises hand! & Schulle
Brind mann (1960) found nond amang thor 30 ¢ ives

In Dmnish studics of retroporitoneal fumours  Aafuna (1917 2
cwses) Talteenmdls (194 11 cs) Alwenamen ef al (19,1 10
cses) Paalanen (1956 1 ense) nd fofgren (1967 17 cases) the last
aulhor deserthed one fibros treoma ¢ ase with osscous melaplisir and
Iwo chondrosarcoma cases i onc of which there w s 1lso osteord 1ind
rither well daveloped bons iriboentre with loose fibrows mirraw The
fast {wo f1bed cases oraanmilly exanunad i this laboritors were not
suitable for furthor study becwse onlv 2 small preec of each of the
g tumaours was woulible far mucroseopic maeshig iion

The prosent uthors agrec wilh 2 ine & Stent i thar sttoment thal
1l myosatis ossificans might be the oripin of osteos ircoma the number
of such dovddopments must be very smll an redation o the tirge num
ber of ocenrrences of myosilis ossific ins ¢ases unassoened wath this
change They addad however  Perhps the rolitive number of cises
of osteogcnie sarcoma devdloping in mvosiis essificns would bue
boen graaler iof so nrany of them had not baen ablated for surpery The
canscuences of Irrum s m the retroporttanaal <pace ind deep i the
back may ramun unnoticed and coudd aflee a longer poniod of quies
cunee fad to 2 scnous discise A parallel process of events could at
Ieast be anferred in lie three ailed eases of ratroperitoneil osteosar
com developed after trradinion. When the ime span belween the
ciuse and mdipmzition 1s long the rel wliology must i many cises
remun ohscurc m the palient s histors and when he finally comes for
consultation the oniginal focus may alrcads be mashad by the dese
loped tumour

Anothcr pont which atiracts attention in the present ease s the
difficulty facing the patholozist when he has to antieipate the elimenl
course benign or mdsonmant pseudasarcont lous or sarcomtous from
biopss specimens Often severil specimens are certmnly needed for 2
correct dinpnosis

NUMMARY

A Nt csc of extraskaletal osteosarcoma 1n the retropuritoneal space
1s reported ‘The tumoue 1s theu bt to have arisen from an old myosiis
ossificins focus demonstrated vt roentgenosriphy five vears earher
The difficulties of histological grading of the malignanes are dis
cussed
RLITRFENCTES
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stis ossaficains orpan stipestad In the hiter sture eonee rmin, relro
peatonaal lumours Donnelly (1916) mentioned the occurrened of hony
or calecrons struelures 1n v fow of s 9 cwes handt & Schulle
Brinl mann (1960) found nonc among thar 30 cascs

In Linmish studies of retroponitone ! tumours  Raluna (1913 2
enses)  Tahtcenmiile (191 11 cwes) Ahwenanen et al (1951 10
c1s) Paslanen (19,6 1 case) and Fofgren (1967 17 cases) the Tt
withor desenbud onc fibrosircom ese wilh osscous metaphisi and
two chondros ireem eases 1in one of which thcre was also osteord and
vither wlt devcloped bony trabeenlw wilth toose fibrous moarrow The
Ist two fatal cases ongimadly exammad 1n tlss Liborstors were not
subblc for further studs beeruse onlv v small preec of each of the
Pyrgd tumonrs was 1 nhiblc for microscopie ivestipion

Jlic prosent authors wred with 7 e & Stout 1n their stement that
1l myvositis ossificins meghl be the oriain of ostcosarcoma the number
of such desclopments must be vers smallan redition to the Lirge num
ber of occurrneds of mvositis ossificans enses unwsocnited with this
chanpe They added howaver  Perhaps the relibne number of cases
of oslcogenie sarcomt devdoping, tn myvositis ossificans would hae
Ien gro aoraf so man of them had not baen ablaled for surpery  The
consequences of trioms n the rctroperitoncal spice ind deep i the
bl may ruman unnotiecd and could after a longer period of qunes
cence fead to vsenous discise A parallel process of evenls could 1t
Ieast he anforred i the three ctted enses of retroperilonenl osleosar
comu dovdopad after irradiation When the hime span between the
ciuse and maligmization s long the real acliology must in m oy cases
reman obscurd in the pabient < histors and when he finally comes for
consultilion the ongnal focus mas alrcady be mashed by the doe
foped tumonr

Another pomnt winch attracts attenbion wn the present case 1s the
difficulty facing the patholo,ist when he has to mticpate the chinieal
conrse beni.n or mabgnant pseudosarcomatous or sarcomatous from
bopsy specimens Oflen seserid specimens are certunhy needed for 1
carrect dii,nosis

SLMMARY

A fatal case of extrasheletal osleosarcoma 1n the retroperitoneal space
15 reported The tumour 1s thousht to hve arisen from an old myositis
ossificins focus demonstrated at roentoenography five years earher
The difficullies of histolosieal grading of the malignancy are dis

cussed
RFFFRFANCFS
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TRANSITRABLE DRUG RLSISTANCE
Ol TNTIRIC BACTTRIA ISOLATFD FROM
CLINICAL SOURCIS

By

Foswr T Avpanr
Recchied 21178

The trnsfcr of mulliple drug, ressstanee bedwan sirons of gram nega
ine rods was originalls deseribed in Japan i 19,9 (20) Inveshignlions
mto the ¢pudenualogy of baaillary disenters and the problem of the in
ere1sc of struns of Shigella resistant to mulliple drugs led to the dis
covery of infeetious drug, rcsistanec which was fransfurablc from one
sietin te nother renduning he presious sensitne strun simndtane
ously resistant ta scveral uneddated dru,s  An extensive work has been
done on the emdemologs ind the genctic wnahas of the responsible
agents whielt hve been fcrmed resist inee faclors or R [ctors (14)

Therc as esadence that the R factors are extrachromusomal panebe
efements whech possess the property of wtonomous rephcition They
have been adentificd as consisting, of DNA An R factor consists of 2
saniable number of genettc marlcrs each comveving resistinec to 1
single antilircleral dru, when present mow cell These resistance
marhars are linbed to wother genetic clement the  resistanee transfer
factor RTF swhichamprts to the cell the properts of conjugation with
transfer of D\A belween the conjusation cells Renardimn., ths pro
perts RTE may be considerad walogous to the sex fictor F of I colt
and m particular | and thus badongs wmong the conjugation faclors
(12) Tiwre 1s ¢sidence that RTE and the resistnee determmants exist
m a single hnear hnhage group (14) Spontancoush and during, con
Jugation segrigation may occur producing clones which I wve lost some
or Al of the resistanee trats (22) The R faclors thus cxhibit some of
the propertics ascribed fo gunchic dements of episorme nature (9
Some norkers clum 1o have proved the existence of 1 stable mlegrated
state of the R fictors w the host chr This is dered wnths
pesisble ta the episomal conceept More recent mmvesti,ttions have not
produced conelusise evidence of the integrated state The R factors
may be referred to as bactertal plasmids (10)

The R factors isalited from Shigella strans i Japan transferred

eswstance 1o four drugs or less sulphonammdes  streptomsesn chler
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amphenicol and tetraeyelne S then teinsferible drug resistanee
s hieen demonsirated i many speéies of Cnterobacteriaceae and from
many parts of the world {3} R factor carryin, struns have been 150
1ated both from he \lthe human beings and animals (18 19) and from
climscl cases (3 16 17) Some of the R frctors confcr resistance to
seven drugs vi. hapamycm fiedmycm and ampicathn 1 addition to the
ahave mentioned four (3)

n 1960 a hospital stram of E colt which eirried a plasmud contey
1ng, resistante o low levels of streptomyein only {7) was solated at
{his 1astitute Recent imvestigations have made enident that {lns plas
ma which in additron o the single resistance deterrmnant causes an
cnhanced wutabion rate to higher fevels of striplomnem resistance 3s
1 fact an R factor (6)

This paper reports the 1solation of R factors and the distribubion of
dru., resistance determmants 1n cnterie bactena from chmeal sourecs

MATERIAIS $ND MFTHODS

Barterual strains Straos of Eschert lua colt Klebstella aerogenes and Protens were
1solated 1a the dizgnostre lahorators of this mstitute They were all recavere? from
in pabicn s and represent straing thought to be of chm al ssgrificance Only strains
were selected whi k exhibited resistance to at least three antibacteral drugs The
drug sensttivity was determied by the paper disk method (5) The strams were
also examuned for prototrophy expres ed as the abilits to grow on 2 msmmal
medium

s in the o tron were ksed an phic strains of
E colt k1% orgmally uppled to this laboratory by H P Treffers Yale Uniersits
TAmet TT arg pro nalr T7 s thr TV strr

Media Heart Infusion Broth sgar {Diico) (HIB) was used as solid complete me

dwm supvlied with 0 s per cent glucase The minimal medium was that des¢ribed
by Dais & Mingt i €4) with 05 per cent glucose added as carhon and energs
source For selechirn purposes 10 pgomi of the appropniate ammno sads were i
orporated Pemassav Broth (Difeo) was used as liqud medwum 1o the conjugation
experiments

Drugs The f)llowiag drugs were used Chloramphenic)l (Roussel Uclas Paris)
tetracselme (Pharmaceutieal Worsh Polsa Paland) streptomyein (Glate) ampt

Astra ) sulph (Sufphame atmne IC1 ) and palidsxie
{353y of drug r sistance The avcrage d ug resistance was evpressed as the maxi
mal concentration of drug allowing full growth after streaking on plates in
orporated with differet concentrations of drugs Far the determimation of restst
nce :;;\llphmxzmxde migimal medium was emplred sthe wise the medim was

n
aaid {Winthrop)

Cultur method and conujation pro edure The multiple resistant donor strain
and the v ¢ prent were grown m Peaassay brath with gentle shaking to the loga
nthimic phase of growih Equal volumes were mixed and incubaied statronary
Mt ak 37 C Samples 1 ere strcaked on selective plates of HIB contain ng
n{é‘g;?‘ o1 ehloramphens ol or 50 pxg/ml of tetracyehine and 50 4g/ml of nalidixt
il Ths mtdll\!m prevented the growth of the donor eélls byt allowed the growth
o ‘m:“m?::: £71 arg pre pal r with transferred resistan e to chloramphenicol
In thase cases where the domtor strain was resstant to nalidixie acid 3
E;«;:lluscd v as T71 str v ite streptormycin resistance thought to be of thel:lher:xem:
“k:"\ntne stde] mutation type 1000 g mi of streptomycin was incorporated 1n the
selee medium The jlates were incubated for 24 to 18 hours Several colontes
ere picked f om each plate 28d streaked on the same medm for purification



28

The ¢l nes were then imestigated for non selected markers by the paper disk
sensitivits te £ and by streaking on plates containing 10 ge/ml of strept muens
50 pg/ml cm amy jelllin and 700 ge/m} < sulf honamids The nputrition requirements
af the recipicnt were also cheched

Abilits t  further transfer of the trapsmitted R facti ¢ was determined by con
Jugatl n with T71 met or T 71 his thr The drug resistant reciplents were selecte
on minimal medlum cmtalning the amine aclds require! by the recipient 1n ques
th n Before streahing the conjugaticn mixture was washed twice fn liqui | munimal
madlum without nutrients

derthine freatment Yem val «f the R factars was accomplished by growing the
eclls In 5 50 pg/ml of acriflavine fn }roth with shaking for 18 70 hours (1s) Sur
viving celis were plated on IHB plates without drugs and replicated onto drug
containing plater nsing the technique of Lelerberg (11) f ¢ detection of clones
with loss of resistance

RISUITS

A total of 117 strans resistant to mulbiple dru,s were exwuned 1
clucdhu, 92 T colt 43 R acrogenes and 12 Profeus strauns Tible 1
shows the distrihution of the struns n 1solates from chmeal maieral
81 per cent ware reeosered from unmans trict anfuetions in which the
number of bactern execeded 10 per mt urine estimated with 2 qun
titatine techmque (8)

The frequeney of R fretors s recorded 1n Table 2 and their piterns
of resistince determin aints are presented 1n Tablc 3 Most of the strans
transferred all the resistance trais of the wald tvpe Duterminants for
resisiance to sulphonande (Su) streptomyewn (Sm) and chlortmphe

TABLF 1
Insteibution of Multiple Drug Resistant Strains of Fnleric Bacleria n Isolates
from Cluucal Sources

nose and
Lrne throat Sputem Pus T tal

snabs
E.colt 3 15 o B 9
h aerogenes 38 2 1 2 43
Proteus 12 0 0 [ 12
Tatal 123 17 1 6 147

TABLF 2

Frequiency of R factors in Multiple Drug Resistant Strawns of Fscherichia colt
hlcbsiella aerogenes and Proteus

o of strains Strains carrving R factors
Organism 10vestigated no per cent
E eolr £ 3 3;‘
h aerogenes 43 a} 15
Proteus b
Total 147 67 155
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TABLE 3 perieh "
termunants 1 R factors Isolated from Escherichia eo
Pattern of Resisfance Dlilelrzsnelln acrogenes and Proteus

o of
tant Hesistance determinants
13,‘?3‘;;-:?:::;;&:11: of R factors transferred wsolates
Su Sm Cm T¢ 4Am 11
Su sm Cm Te 1
B sl Su Sw Cm 13
Su bm. Te 1
St §m Cm Te Am 16
Su $m Cm Te 1
1 aerogenes Su Sm Cm 3
Sm Cm Te Am 1
Proteus Sy Sm Cm 1

TABLE 4

Adserage Drag Resistance Level of E colt K12 T71 Carrying Vartons R factors
Determuned on Heart Infuston Broth Agir

{pg/ml)
Stram R factor Cm 5m Te Am Sa
Ti fus thr RI(Su Sm Cm Am) 000 >15 < 10 >500 1000
<5
T7iarg pro Malr  R*(Su Sm €m Te) 500 >10 >;§g < 18 >1000
<15 <
Trarg pro mal v R4(Su Sm Cm) >400 B8 < 10 < 10 >1000
<500 <05
Tilarg pro malr  R7(5u Sm Cm Te 4m)  >400 15 >100 >500 >1000
<500 <750
TTarg pro nalr  (control) <10 <5 <10 <10 < 5D

Drug resistance to sulphonamides was determmed on
rlat

mioimal wedium agar
ates.
Sywhols used nal r nahdisic attd resistance his histidia arg arginmn thr
theeonn pro proln Gm  chlor Sm
Am ampiallin Su  sulphonamde

tetracycline

meol (Cm) almost v ariably were transferred jomntly The transfer of
tetracychne (Te) md ampieidhin (Am) resistance faed in some few
mstances although the donor stran was ressstant to these drugs In
some cases 1t could be demonstrated thal the reason for this was segre
«ation of the resistance fraifs Alternatively the reasonm may be that
these genes were loeated on the chronosome and not on the plasrmd

The lesel of resistance was determined in the h12 system Lorre
sponding vailues were obtaned by testing different R factors The re
presentaine concentrations of antimicrobial drugs for the R recipient
and four different R factors are shown mn Table

Addihional expriments were donc m which the recipient sirun svis
weubated wath culture filtrate of multiple resistant donor struns hnown
{0 e harbouring R factors No transfer of resistance was obtained Thrs
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W bt
‘l;'lnwl:I;; of the transfer ¢ f 20 ) factor in
e © A 12 aystem Donde T71 his the RS
“._i————"‘ (5u Sm (m Tej Reclpient TT1 arg |ro

nal r The cufturcs were grown in Len
assay BHroth tn the logarithmic growlh
o] phase and mixed fn equal vslumes All

qunts were taken at Intervals yigarnusly
agitaled for sixty seconds In a Vortex jr
Mixer difuted a theusandtold in Penassay

<
o4 B70th ta prevent further enjugation and
plated on Heart Infuston Broth agar plates
contalning 30 ge/ml of nalidixic acid and
7 e 25 pe/mi of ‘chloramphenicol, Aliguots
§ - were also plated on plales supplemented
s with nalidixie acid only for the avsay of
u, the total recipient ells
RO |
S
10
—— s e
2 ‘ —_—tvim cp o

¥ K W W oW W
MInuTES

TABIT 5
Loas of it factors tn Strains of E. coli and One Stratn of Salmonelia typhimurium
Fellowing Trealment uith Lerdine Dyes

\o of
Aeni Mo of colonfes
Stealn £l factar flavine colonies with  Per cent
s/ml scored loss of
R faclor
L. coli 2069 R3(Su Sm Cm Te Am) 15 112 99 884
F. coli 11739 Ri(Su Sm Cm) 0 700 ] 4
S typhimunum ¥\l Ri(Su Sm Cm Am) 10 313 46 103
0 35 & 187
KI2T71 his thr N(Su Sm Cm Am) 0 710 3 0%
W2T71 his thr R&(Su Sm Cm Tc) 30
@sub  >1000 [ [}

cultures)

The resistant strain was grown osernight 1 Penassat broth with acniflavine Sur
siving cells were plated on HIB aar plates and replicated onto plates contaming
25 4g/ml of chloramphenicol Clones with loss of chloramphenicol resistance were
fusther investigated for loss of other delerminants

sndicates that the cell to cell contiet of the conjugation process is nee
essary for the transfer and mahes it laghly unlihely that transduction
by 2 phase s the mechamism of reststance transfer Interruption of the
conyngahion bv seperating the conjugating cell purs thus resulted
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sterruption of the transfer as well The hineties of traasfer 1s shoun
mby 1

The wiid type strains daffered wm these response to frentment with
acoilleniae (Table 5} A high rte of loss was fonnd n the wild fthpe
stram E colr 2069 In 2 strawm of Salmanella typlumurugn HNL R
whieh 18 meluded for comparson there was » greal loss even on ONe
wingle subonliure broth witheut acniffavine Other strauns were
hizhiy resistant to acnflume 1w spite of their ready trnssussion of

the R factor by conjuyation W12 T71 thus exhibnted a hih grude of
sttty

pIsScusston
This mmest,ation indicates that pl

drug vesistance e eptersc
Dactera 1solated from chnical materal in man very often s cansed by
reswstanice facters helonging to the bacternal plasmeds

There 1s howeser reason to beheve that the prosent resnis represent
a mmmal eshunate and that the real frequency of R factors s wven
‘Tagher bor one thng the albily of DNA transfer may not aluays be
expressed or the frequency of transfer may be vers low For unknown
reasons bacteral struns mas sary considerably m ther hiiity
This 13 true for strams belonging to diferent genera bt also for
straes of the same speaes

Seperate Joss of the resstance transfer factor RTF may lead to &
defective R factor wncapable of conjugalional transfer (2} This loss
w3t not wfivenze the drug resistance of (he celt The subsequent aegm
son of the defached infectne RTF may agmm molhze the resistance
determinants of the R factor (1}

There 15 esidence Vhat R factors mauy determine the production of 4
«ytoplasmuc repressor repressing ther owa canguahmg function (12)
Thus 1s shown by ihe fact that bactenia wath a newly scquirest R factor
will tramsmut it with gh frequency Thos 1s known as high frequency
ressistance transfer (HERTY (21) In a reoprent wath ne preformed
sepressor the tbitty of transier will be prachieally freels expressed for
some fes i untd the rep appears 1 the cvtoplasm In
established sirmns the conjussting funchon may be completely re
pressed \utant derepressed R {rctors wath haghly mereased £requency
of transfer have been wolated {133

These facts 1ndreate that the fasture to demonstrate the conpugabional
transfer of drug resistatice does not exclude the eustence of plasmuedal
elements s the cause of remstance Thus the frequency of transfer v s
much lawer i the struns of £ colt which had been subeultured many
times kept for +lon., tme an agr stants or had been Iyophidazed than
i the strams winch were tested for transmisaibility Just after isolation

In fns examimation altention has been focused on strans resisiant
to three drugs or more Accordmg to most Teports these are most fre
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AN by 1
:\hlnelﬂ;: of the transfer of an R faclor in
- e 517 system Don r T71 his thr B3
o (St Sm {m Tc) Recipient T 71 arg pro

nalr The cultures were grwn in en
assay Broth 1o the Jogariihmic gronlh
o phase and mixed in equal volumes All

quots were taken at intervals vigorovsly
agitated for sixly seconds fn a Vortex jr
Mixer diluted a thousandlold In Penassav

$
© Broth to prevent further conjugation and
plated on Heart Infusion Rroth sgar plates
. - containing 50 yx/ml of naliditic scid and
¥ o 28 px/ml of ‘chioramphenicol Aliquats
§ - were also plated on plates supplemented
/ with nalidicic acit only for the assay of
:é o the total recipient cells
>
'
— tElT B omen
2 ' —_ teoep

% ™ W w
MINYTES

TARLE 5
Toss of R factors in Strains of L. coll and One Strmn of Salmonela tephimurmm
Fotlounng Treafment with Acridine Dyes

Ao of
Acri N0 of cnlomes
Strain R factor flavine colonies with Percent
ag/ml scored lossof
R factor
T col12069 I3(Su Sm Cm Tc Am) 15 112 99 834
L. coli 11739 R4(Su Sm Cm) 40 n0 0 0
S typhimurivm H\NI Ri(Su Sm (m Am) 10 313 46 123
20 315 59 187
K12 T71 his thr R1(Su Sm Cm Am) 20 710 3 [ X3
K12 T71 his thr 1i8(Su Sm Cm Tc) 30
(3sub  >1000 0 )

cultures)

The resistant strain was grown overnight : Penassay hroth with acriflavine Sur
vising cells were plated on HIB agar plates snd replicated onto plates contmning
9% xg/m) of ehloramphenicol Clones with loss of chloramphenicol resistance were
further insestigated for loss of ather detecminants

1ndientes that the cell to cell contact of the conjugation process 1s nec
essary for the transfer wnd makes it mghly unhhely that transduction
bv 1 phage 1s the mechamsm of resistance transfer Interruption of the
conjugation by seperatin,, the conjugtting cell purs thus resulied 10
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ereted B colewith multiple rewstance wheseas 58 8 per cent ol inpatients
freated with cioramphentcol carried sueh struns
Gien oplunat condibens the transfer starts within few mumules
{(20) Fig 1 shows that most of the transfer has fahen place witlhm
80 run The r mwe lransfer 12w the ahmentan fract s probably
fess efficient There 15 reason to beheve that without fhe disturbing
effeet on the ccologieal balmnee of drug admntstration the natural
environament witt nal fas our the spread of snfietioush resistant struns
The high rate of spontancous loss 1s probably not less i bwo Matm,
resistant donor strams whieh alse harbour transferable cohwmnogeme
factors may be lethal for the noncohciragense rectprent Brcteria Intro
duchion of this factor 15 then followid by cohiein synthesis whereas {his
synthests 1s repressed m the donor eells These facls together wil the
vanation m compatibifity and the effect of (nvironmental conditions
represent 2 negabn ¢ selection of rusistant strans The use of antibne
tenal drugs mav easily counteract Nus and the existence of R factors
1n the normal intestinal flora may then mvolve 1 potentinl danger of
transfer of mulliple remistanee to wnading primanls seostlinve strains
of Shipelln and Salmosnella
In fhus country 1nfclion with cohiform and Proteus orgamsms 1s the
most common problem cretted by the entere bactera In particular
mfections of the urmary tracd may be 2 senous therapeutte problem
83 per tent of {he present strasns were wsolated from such infechions
o5t of these were cases of chironie pyelonephriis hy phresis pa
resis of the urinary bladder kidney transplantations and other lesions
of the urinary teact A change of the bactenal flora durm, drug d
munstration with the edablshment of a siram wath wultiple sesistance
\nrs f‘rcqucnu) been ohsenczl There 1s no doubl that many of these
e are m fact er s and supermfcctions The pattern
esistance determumnis of the R factors shaws 1 siostardy which
may reflect the fact that un onginally hmted number of R faclors have
t‘nrud w the hospitnl departments Infectious drng resistance may
hen By considered sn the same way as the pemettlmase ressstant

Slaph aureus and the R factors cerlandy play 4 not insignificant role
i the problem of nosogemial nfeetions

SUMMARY

147 different strams of I cole h cerogenes and Proteus vesisiant to
three or more ~ntibaetenal dru,s have been examwed for transfer
(actats 426 per cont of the str ums were found Yo harbour R factors
Z:;;e:m;‘,' Tesisiance to ihitee or more of the followin, dri,s suiphnn
. fs x;cpmmgcm tetracychne  chloramphenicol and amgsaittin
o aclors were trmsterable by conjugation and wers remoted by

eatment with acifimne although more or less efficientts 83 per
cent of the mullipls reswsiwnt strams were recos ered from uninary h}:]ml

3 svtavare 731
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infections most of than chrome infeetions combined with Tesions of
the urimary tract

The resulls of the investigations 1ndicate that R factors play 4 major
role in the mulliple resistance of enleric baetena causin, infeclions
hospitals Such siruns are undoubledly responsible for many of the
crossinfections and supeninfections with constitute the probicm of noso
cominl infections
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FREPARATION OF TO\OPLASMA
CONDII ANTIGEN T'OR THE COMPLEMENT
FIMATION TEST
By

Enny K PETTERSEN
Recesned 30 168

Vith a view to the extraciton of a soluble romplement fixing antigen
from Tovoplasma gondn the first method to be desenbed was that of
repeated freeuny and thawing of the parasites in physiological salt
solution (W arren € Sebwm 1942) This method of extrchion has been
adopted n most laboratortes It has heweser been pomted out that
repeated freezing And thawing reduced the bitre of the awbigen (hass
1953} Furthermote the extraction procedure has heen found to be
somewnhal ttmeconsuming nd the present intestialion was therefore
undertaken wmn order to find a more sutable method for the extrachion

of the antigen A prehimunary investigabion has been reporied {(Peffersen
1987)

MATERIALS ADND METHODS

Perstoneal exudate was eollected from four week old white mace which had been
tafected mteaperitoneally fue days previcusly with 20000 Taxoeplasma gomdid para
Siles of the R strain (The mice used were of the Institute s ewn breed weghung
18-20 g «t the tme of infechion) The exudate S2s tentefuged o 500 X g for 48
minutes The sediment costamng the parasites together with a vast number of
mouse cefls was washed onee with §15 M sodvam ehloryde soluttn and stored at
—18 € The average sediment contained 3 X 109 parasites and this coustituted the
Teast mmount used Sor any of the extractions deseribed below

Measared amaunts of 015 M sodum chlonde saluton wore added to the parasite
Skliments and the mivtures weve treated bricth m s Potter Fhiehiem tissue grinder

1 Free ing and thaunng The paramite suspession was subjected three tymes to
altenate Treezing 1o 2 sahid carhon dioxpde ethagol mixfure and thawing i water
of 70-30 C followed by [ 1

were per d en
each bateh of parasile suspensian

B carbanate extraction To the psrasite suspenmion were added 55 2 mg of
sodium buzrhanate per ml The suspension was stirred for 10 minutes zud then
dituted wth two volumes of demineralized water The bieath nate was neutrahzed

by the areful addition of N HO and the suspension was centrifisged The sediment
was subjected to a second hrearbonate exirsction

In part axded by grants to the Departmont of Tovoplsymons w08 Viral Dusesses
fram Aung Chreshian \ Foundnt on wnd the LS Public Health Sero ve Rescarch Grant
Foundal on (AX 1711} Bethesda Ma.

The skilled technical asssstance of \ss £ Laurtf en is gratefally achoonledged
3
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3 Curbonafe exteactian To the parasie susponsion wece added 16 my of sodtym
carhonate prr 39) The suspepsion nas stirred fos 30 minutes and then difoted weth
one valume of demineralized water The earbonate Was ncutralized by the careful
sdditlon of & 1G5 snd {he suspension W2 eentrifuged

Same of the athaline extractiony were performed at room temperatnre ahd some
were performed a4 (ar s posit fo ot 04 €. The conteifugation of the extracts was
perfrrmed at 2o Cusing JL 000 X g for the perfods vecessary to obiain clear supec
natants which were stoyed In small porth ns at —18 € C nsceutive antigen extracts
from the same batch of parasite syspensim nere designated by capital fetters

The comyplemen] fixation test Yo a glass tule contuining 093 ml of antigen
solution and 8075 of antisesum in thelr appr §3iale dilutions was 3dded 013 mi of
complement salution The tube was left for §5 minutes at rocm temperatare and then
placed for 43 minutes on & wafer Sath of 37 . 51 this polnt 02 mf af 2 25 per cent
suspension of sheep red celly vontalning three ambiceptor units was added and the
tubt waes returned to the ater balhy After & Turther 83 minutes at 37 € the tube way
remosed and Teft at & € The degree «f haemolssis was determined fhe dexs morning
taking 50 per cent haemoelvsis or Jess e visual nhservallon as a positivg result

Ay complement nas e guineg pig serum 0 a dilution torsponding to 075
haemolytic uait sy Ined sfw b 3 at 320 am

The onBserum used (hropghomt thes study was & human antitovopldsma sernm
which was i tesled for 4 sty effect

Yutration proceduce Dox titysions were performed on the antigen esteacts with
the ghave mettiamed antisgrum tone ta xix of these rufigens were alwaws tteated
in parailel and at feast one of them had been titrated before

All the antigens were tested for ntlcomplementacs effcct using as xbave 040
haemolyiic unit of coroplement

Antigens from all the procedures mentioncd were ested for usspecific bvding
effect with # human serum found negathe mn the dve test and the complement
fication test The aniigens were also tosted for 3ystng cffcct on the sheep red coll
suspension

RESLLTS

The results given m the Tables 1 2 3 and 4 are obivined from the
extractions of pooled parasie sedsments homogenized w € 1o M sodmm
chionide solution The homogenous suspensions were m eich ¢ase
dinaded mte two parts of which one half solume was used for the
extrichion by (reezing and thavang (I and the other half \olumi was
used for the exiraciion with carbonate (i)

TABLL
Extraction from 1 ¥ 16* f arasiles 1n da ml

Antigen ré?:“.n:';::g;'; Anxhgm Am;ls‘num
re
etract per 109 paranites vire
3 173 258
; 3 3 32 %5
ic 3 16 228
1A 8 (3 1024
16 %8
ns 9

§ = extract from freezeny ond thaving 31 = wcarbonale extract
Capital letters dessgnate consecutine exiracs

Fables 1 and 2 grve the results from Prerchonnie exirachon (113 pev

formed at 4 € whereas the resulls in Table 3 refer {o brearbonate e¥
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{raction {11} at room lemperature Table 4 guves the resolt from ino
exirachions performed with carbonate (f1f} at room temperalure

TABLE 2
Exteaction from 2 X 10¥ Parasites in 37 ml

Panal antiges

t Astiserum
Antigen volume In mk Agtigen vk
extrast per 109 parasites
1 3 (1) 128
13 H 1 26
1c H 3 206
A 12 &1 1oL
e 12 32 512
T = extract from frecung and thawing  J1 = bicarbonate extsset
Cagpatal letters designate conserutive mxteacts
TABLE 3
Friraetion jrom § X 10% Parasites in 30 mi
Final antigen 5
Antiserum <alume in mi Antigen Antigen
ttre per 1P parasstes ttee exteact
fa 3 81 61
8 5 b 26
1c s 3 256
uaA 15 32 1004
no 15 % 256
! = evtract from free;ag and thawing 11 = bicarbonate extract.
Capstal letters designate conseentive extracts
TABLE 4
Carbonate Extractiuns
Frtraction  Final antigen
Ahses  Sumberof  Ciolme  vohme nwd AJ0ER Astiserum
sl per 198 paramtes tire
m 31 15 20 84 w0
i 3% 109 30 n 32 512

The titres gsven in these tables are the reciproast values of the ughest
difution of the antigen soluhions Eran, a posiine complement fixation
lest wath the snhtiserum dituted 1 2 and the hihest ddulwon of the
antiserum grang a positine complement f3xnhion test with the undnuted
anhpgen solutions

fn order to facibtate companson of the reswils from the different
<drachon procedures the ittes were extrapolated 1o the values corre
sponding te a yicld of 10 mi of antigen solubion per 18 pirasites
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These ealenlled vatues which are gaven m Table 5 mike 1 possible to
compare the strengths of the various anlsgen preparations

The worage anhgon titre of 1 comp ired withs those of 11 and 1H indt
€ites that more than half of the 2y ulble antigen was dostroved by the
freezing and thavang, procedure  Fhe antigen titres of 1 mdhieate that
there was no sigmificnt difference in the results of extrachon 2t 4 €
md 1l room temperalure Tho average anhserum bire of 1A as com
pared wilh A and N sndieates thit the antigens ablained by afka
hine (stractions are more than 20 tunes as polent as that obluncd by
freczing and thasing

TABIF 5
Titres Frtrapolated to @ 1mnal dntigen Volume of 10 mi per 105 Parasites
Antigen Antiserum Avernge titre Yrerage ttre
Antigen ttre thtre of aatigen of sntiserum
A 3% 17
ar 51 a2 53
32 3
1B 10 71
I3 10° 8 107
8 178
ic 3 Kzl
a 107 1 107
3 18
A a3 L33
77 179 61 179
18 153¢
1181 b33 230
33 614 L )
24 384
w 128 2048 .
10 1620 w 19
I = extract from freezing and thaning 11 = Incarbonate extract

111 = carbanate extract Capital letters designate conscentive oxtracts

None of these anhigen solut had ant i vy unspectfic
binding or lvsng dlfects under the conditions described above theugh
1t was found that repetled exiractions besvond the stated number some
tunes gave anhigens whieh were antiuomplementary

The artigen solutions could he lyophhzed m their physiologteal salt
solutions withoul any apparent foss of aclisty Storige of the anliens
w phystological salt solirtion 2t 18 C reduced the ifres on an aver
wge with less than 2(!é t. Some of these frozen mii,en solubons

were tested  erst ar
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102 14 18 g
238
6
1%
3
1026 tia iid
256
E3
¥
4

114
2 6 1% 2R 28 12
ANTIGEN DILUTION

Fg 1
Bax titration patlerns of varsous antigen preparmiions
I = eurnct fram freezsng and thawrng 1 = bscarbonate extract
HI = carhonate extract Capital letters desrgnste consecutive extracts

ANHSERUM DRUTION

BISCUSSION

The complemen? frxation test as performed n Hus study using tnvo
fold diution steps 15 a rather erude analylical too] for the estimation
of anligen poteney Only Tour fold delfercnces im tires nould theoreh
cally be sigmficant for any two anbigens Wirth ths m mund the ex
trachions were deliberately vared m steps different from twe wallk
respect to extraction volume per umt number of parasittes Further
mose average titres of three extracts nwere obtamed by each procedure
and the reproducibiity of Utralions has been ensured by ineluding the
titration of one or more reference antigens

As already pointed out the gquotient of the antiserum by the antigen
Llre vas conssderably smaller for 1 A than for ony of the other anfigen
extracts This 1s also apparent w Fig 1 illusiratng the typreaf box
fitration patterns of the anbigens m queshion A sumlar difference
box itrahion patterns has heen demonstrated for the mouse p ritoneal
evudale anl.en and an anhgen from mouse embryo tessue eufture
tSchithova et ol 1961) The dsfierence w.s considered due Lo the pre
senee of an imhibator w the mouse pendoneal exudale anfrgen

The mbibutor wonld be destrayed by albalne treatwaent This was
confirmed by trealing an antigen solutton 1A with carbonale The
carbonate treated soluton and the nntrexed solution were difuted to
e same extenl and titrated wn the complement fixation test The re
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sults, peven i Tible § ndieate that the potenes of TA with ruspeet to
athiscrum bire by the athaline treatment was nerewed o the same
lesel as that of the extracls 1 and 111

TABLY 6
Alkatine Treatment of tntigen Sotution 1 4
Antigen Antigen titre Antisecum titre
13RS 32 32
1 A treate] with carbonate 32 512

CONCIUSION

for the preparation of the comploment fiung wnGizen from Toxoplisma
gondu the alk e extricion method and the use of sodium earkonale
m pelicular gave the reproducible high vields of specific antigen
which makes i swtable as 2 standard methed of prepardlion

SLawvMaARY

1 Alkaline extraction was shown to be a more efficien! methed for
chtnming the camplement frxing intigen than the method using froez
ing and {hwwing OF the mathods tried the extriction with carbonale
save the hhest vieht of nhigen

2 Alkhine xtraction was tso t more contentent method to use as
1t required attention onkhy for ahout one hour

3 1henhubilor present in the extract obtauned by freczing and thw
W, nas destroyed by the +lhaline treatment thus grong a mere potent
antigen
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THE IN PITRO EFFECT
Ok ASCORBIC ACID ON THE BACTERIAL GROWTH
IN URINE
By
Himan Gharer? Macats MircuagLssos and STEN DRFBORG
Recenved 51 6%

The gronth of a number of pathogene bacten s reduced m aexd medi2
The lonering of the unmary pil to biclemostatic levels hns therefore
been wsed as an ard 31 the Ireatment of uniaary dract infechions (Rotoshe
1598 Clarh 1931 Helmholz 1931 Yeaw 1940} Diffesent acdifying
agents such as mandetic aud heta hydrawy butyne aad (Helmbots
1937) and acetie and { Warshall 1908) have been tned Although hass
has reported methwonine to be effective {1937) other authors have heen
unable to confirm these results { cDenrald & Yurphy 1929}

In 1958 McDeonald £ Warphy suggested the use of ascorbic acsd as an
andifying agent because of ws hugh excretaon i unne (Smuth 1951}
Thev found 1hat a duly dose of 25 g of ascorbic ncid lowered the unn
ary pH 1o levels below § 5 Some anthors howerver considered the doses
used by WeDonald & Wurphy too small and suggested a dosnge of 8¢
PET sgquare meter of bods surface darly i order to obiain an scsdifving
effect (Trams Dodge Mint. & Assepu 1965)

Since other reducing substinces such as gluthathion and eysten
have no antibacteral actinity {Fricsson & 1 andbec! 1805) nonspenific
reduchion could not be the mechamsm for suppressign of hacterial
growth The bacteriesdnl effeet has been ascribed to the formation of
free hydroxy! radicals m the presence of cupric wons (Grad 1982)

As the mechansm of the antbactersal wchion of ascorBic and stall
Femams unelear this meshigation was mitsated i order to determime
1} the effect of ascorbie acid on the grawih curve of the most common
patlio_enie bactena of the unnary tract 2) the effect of the bacterin
of the concentration of ascorlne aerd wm wone and 3) the effect of
aseorbie acud on the bactend growth warve 1t constany pH

The suthors wish 1o thanl A% Pharmaczo Lppsala and irs I Hagggmat for
seluabie heln with the deteyminations of ascorbic anid. The anthors slso 8ish 17
thank 3sspr £ 7 Fdeba € r voluahle discussion and trnticssm
v Present address The Inshtute of Medical Wiernbaoloex  Lnnersity of Lppsals

Fpsala Sweden




MATERIALS AND MPTHODS

Raclerlal strains The folloning test argantsms were used fn the fiest series of
experiments { rofens salparis (the \ 19 strain) o the seccnd sesfes Protess val
garis Facherichla coll ilcaligenes facealis | seu lomon s deruginosn Staphyioeverns
afbus and Strejtococcus faccrlis ond in the third scries of experiments I ralens
tulgarts and Fecherschia colr

Bacterral geouth The hacterta were grown in outrlent broth for 18 hours and
were thereafier added ta the urine In fina} concenfrations Detseen 103 and 2 X 10
celle per ml fn the first and sccond experimental series each urine sample amounted
o 150 m! while tn the third serfed te 500 ml The hacterla were grawn in Frienmever
flashs with stdetubes on a rotary shaher 8t 37 € The bacterfs! growth was follaned
by determinatians of viahle counts Viahle counts were made by plating 01 m!
amounts on solid medaa after serfal difutions fu saline The follawlng raedia were
used for Profeas tulgans - desoxycholate agar (Difeo) for F eol ~ cndo agar
¢Difca) and far all the other arganisms ~ nutrient sgar (Difeo)

Culture mefia Sterile posled human urine which was free from bacteriostatic
and bactericidal arthvity was nsed in the experiments Yarfons smounts of Tas
corbic acld (Merch AC) were dissolved In the uriae in concentraticns pp to 24 mg
per ml Subsenuently the urine was plsced at +4 osver night The contrals were
grown in urine without ascorbic acid a kded

Fxperiments Live tipes of experiments were run

1) In the first serics of experiments the s orbic acfd concentration was defer
mined polarographicaliy
2) In the second serles the pll was follow ed but not edjusted No determinations
of the arcarbie acid conrentrations were made
3) In the third serres of experiments the plf was conlinuonsh sdjusted to 80
The ascorble acld concentrations were determined titeimetrieally
1) 1n the fourth experimental scries ascorbie scid was added at 3 € and 13 hours
I arder ta deep the concentration of ascorbic acid on a bigh leve?
) In the fifth series of experiments the ascorbic concentrations were determined
tn sterile urine
ARl cxpertmenty were repeated st Jeast twice AR the graphs presented in this
n ane Upical etperiment
Pl measurements A titrates (Type TTT! Rudlometer Copeabagen) adfusted fif
pii measurement was used in the first and sccond scrfes of experiments tn the thind
and fourth serles of experiments tn which the pH was continnously adjasted to 80
the titrator nas adjusted fir dewnward tiration using 20 per cent lactic acid {aot
exceeding § ml per 500 mi of nrined for the titralinn
Determinntings of ascarbec acid Samples were laken ab yarious jnterals The
Dacterta were spun down and the supernatant was drawa off and frozen al — !:—l
tn the first sertes of experiments the as orbfe avs{ concontration was determine)
polarographicaily according ta Bre wnn ¢ Ziman (1928) whule in the thid fourt
and fifih experimental series this ¢ neeutration was determmed titrameteicail
according ta Harres § Hay (1935

RESLITS

The Influence of V arying Concentrations of Ascorlue Aad
on the Baclerwal Growlh
1) First experuneatal series When Proleus sulgans grew n urmtc
1t was found that the ascorbic aexd concentration deereased from O 4MZ
01 mg per m during 6 hours (Fig 1} During the same ime the 17

count "8 reduced from 2 X 107 o 2 X 3 per mt T

creased from 658 {c 770 After 12 h 1c actd o
The viable count then wereased and reve of 107 ecll
after 2% hours In the control the viahte 1 from
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MATFRIALIS AND MIPTHODS

Dacterial stralns The following test arganisms were used In the first serles of
experiments I'rofens culgnres (the \ 19 strain) In the second serfes Profeus vul
garis Facherichia eolt Alcatigenes fnecalts Paeudomonas gertiginosa Staphyl occus
albus and Streplococeus {aecalta and in the third scries of experiments Profeas
vulgaris and Fscherichia coly

Bacteral grouth The bacteria were grown In nutrient broth for 18 hours and
were thercafter added to the urine fn final enncentrations hetween 105 and 2 ¥ 10
cclls per m1 In the first and <econd experimental series each urine sample amounted
to 150 ml while in the third scries to 500 ml The hacteria were grown in Frienmever
flasks with sldctubes on a rotars shaker at 37 €. The bacterial growth was follawed
by determinations of viahle counts Vialle connts were made by plating 01 m!
amounts on sohid media after serlal dilutlons In ssline The follewing media were
used for Proteus rulgaris — desoxacholate agar (Difco) for F coll ~ endo agar
(Difco) and for all the other organisms ~ nutrient agar (Diia)

Culture media Sterile pooled human urine which was free from bacterfostatic
and hacterfcidal activity was used in the exjeriments Various amounts of 1z
corhic acid (Merel 4G) were dissolved in the urine in concentratims up tn 24 m
rer ml Subsequentls the urine was jlaced at +4 over night The cantrols were
grown In urine without ascorbic acid added

Frpertments Five tvpes of experiments were run

1) In the first series of experiments the as orbic acid concentration was deter
mined polarographically

2) In the second serses the pH wax followed but not adjuste] No determnations
of the ascorbic acld concentrations were made
3) In the third series of cxperiments the pIl was continupushy adyusted to 60

The ascorhic acid concentrations were determined titrimetrically
4) In the fourth exy erimental series ascothie aeld was added at 3 € and 13 hours
in order to keep the coneentration of ascorbic acid on a high level
In the filth series of experiments the ascorbi concentrations were determined
in sterile urine

All experiments sere reneated at least twice AN the graphs presented in {bis
communication represent one tyvpical experiment

pIl measurements A titrator (Type TTT! Radiometer Copenhagen) adjusted for
oIl measurement was uscd in the first and sccond serles of experzments In the third
and fourth series of experiments in which the plf was continuous!s adjusted to 60
the titrator was adjusted for downward titreton_using 20 per cent lactic acxd {nol
exceeding » ml per 500 ml of urine) for the titration ™

Determunations of ascorbic actd Samples were tahen at various ln\ena!s’ e
bacteriz were spun down and the supernatant « as drawn off and frozen at —?0 4
In the first series of experiments the ascorlie acid concentratlon was (lcltm\lnth
polaregraphicallv according to Bre tna € Zuman (193%) while m the third [nur:‘
and {ifth experimental series this cancentration was determied btrimeineaily
according to Harris € Hay (1935)

5

RESVLTS

The Influence of } arying Concentrations of Ascorbic Acud
on the Bacterial Growth

1) Iirst cxperumental serres When Proteus vulgarns grew m urine
1t was found that the ascorbic acid coneentration decreased from 04 1o
01 m., per m! duning 6 hours (Fig 1) During the same tine the vitble
count was reduced from 2 X 107 to 2 X 10° cells per ml The pH n:]
creased from 650 to 775 After 12 hours no ascorbic acid remunc \
The viahle count then increased and reached 4 leved of 10 cdlsﬂper 1!“0'
after 24 hours In the control the viable count inereased from 2 X
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MATIRIMIS AND MI'THODS

Baclerial stramns The follawing test organlsms were used In the flrst semes of
evperiments Profeus 1 ulgaris (the \ 19 strain} in the sccond series Profeas tul
garis Facherichia colt Alcalipenes faeccalis I seu lomonas aeruginosa Staphyloc sccus
atbus and Streptococens faecalis and in the third series of experiments Profens
tulgaris and Fscherichia colt

Bacterial growth The bacteria were grown in nutrient broth for 18 hours and
were thercafter added to the urine In final concentrations hetween 108 and 2 X 10
cells pee ml In the first and sccond experimental series each urine sample amounted
to 150 m! while in the third scrics to 500 m] The bacterfa were grown in Erlenmeyer
flashs with sidetubes on a rotarsy shaker at 37 ( The bacterfal growth was followed
by determinations of viable counts Yfable counts were made by plating 01 ml
amaunts on solid media alter scrial dilutions In saline The following media swere
used for Proteus tulgaris — desoxscholate agar (Difco) for F colt - endo agar
(Difca) and for all the other organisms — nutrient agar (Difco)

Culture media Sterile pooled human urine which was free from bacleriostatic
and bactericidal activity was used in the experiments \arfous amounts of 1as
corblc acid (Merch \AC) were dissolved in the urine in concentrations up to ° 4 ™
per m] Subsequently the urine was placed at 44 over night The controls were
grown in urine without ascorbic acld added

Frperiments Tive tapes of experiments were run

1) In the tirst series of experiments the as orblc acid concentralion was deter
mined polarographically

2) In the second series the pH was followed hut not adjusted No determinalions
of the ascorbic acid concentrations were made

3) In the third series of experiments the pH was continuously adjusted to 80
The ascorbic acid concentrations were determined titrimetrically

1) In the faurth experimental series ascorbic acid was added at 3 6 and 13 hours

In order to heep the concentration of ascorbic acid on a high level

In the fifth scries of experiments the ascorhic concentrations were determined

in sterile urine

5.

All experiments were repeated at least twice All the graphs presented in this
communication represent onc tspical experiment

pH measurements A titrator (Tspe TTT1 Radiometer Copenhagen) adjusted for
pH measurement was used in the first and sccond series of expersments In the third
and fourth serses of experiments in which the | Il was continuously adjusted to 60
the titrator was adjusted for downward hitration using 70 per cent lactic acd (not
exceeding & ml per 500 ml of urine) for the titration

Determinations of ascorbic acid Samyles were tahen at various intervals ‘ﬂ::e
bacterla were spun down and the supernatant was drawn off and frozen at —20
In the first series of experiments the ascorbic acid concentration was dclcrmmehd
polarographicalls according to Bre tna € Zuman (1938) while in the third l‘aurll[
and fifth experimental series this concentration was determined titrimetricalt
according to Harres € Ray (1935)

RESULTS

The Influence of Varying Concentralions of Ascorbic Acid
on the Bacterial Crowth

1) Tirst experimental sertes When Protens vulgans grew an urine
1t was found that the ascorbic acid concentration decre 1sed from 04 \Il’
01 mg per ml during 6 hours (Fig 1) Durmng the same ime the vable
count was reduced from 2 X 107 to 2 X 10° cells per ml The pH x:
creased from 650 to 775 After 12 hours no ascorbie acid remane |
The vinhle count then nereased and reached 2 level of 10° cells per lmﬂ'
after 24 hours In the control the v11ble count ncreased from 2 X
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Infl ofrarous s of ascorliic acld on the gronth of T coll 1n urine

to 6 X 107 cells per ml while the pH inereased from 6 70 to 890 mn
6 hours When the pH reached 90 no additional bacterial growih was
observed

2} Second experimental series VWhen overmiht broth cultures of
P vulgarts E colt and Ps aeruginosa were moculfed into urmne with
ascorbic 1c1d added m concentritions up to 20 mg per mi ire resulls
wre given 1n Fis 2 3 and 4 respectinels No correetion of the pH was
undertahen during these experiments

Fig 2 shows that the viable count for the proteus brcterrr was re
dueed from 105 to 8 ¥ 10? cells per ml ductng 13 hours when ascorbie
aeid had been 1dded to a concentration of 20 mg per mi The pH
mained below 60 In the control without ascorbie acid the vrable count
1nereased from 10¢ 1o 2 X 10° cells per m1 There was a rapid chnge of
the pH from & 75 to § 40 durmng the same time

Fig 3 ndicates that the x1nble count was reduced from 165 to 5 X 10
cells per ml with 2 shght change in the pH from 610 to 6 25 during the
13 hour period when E colr grew jn ufine w 1th an ascorbic acid concen
ration of 2 8 mg per ml In the contro! the viable count increased from
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taflnence of 4amous concentrations of ascarbie acid an the growth of
Ps azrugsnosa in wrine

3 % 10% 10 10° cells per mi white tire pH changed from 6 75 o 7 80 dunin,,
the same time

Fig 4 shows for Ps acrugmosa grown under the same expersmental
condirons that the count increased from & 3 10° to & % 107 eclls per
ml and the pH changed from 6 10 Lo 6 60 dunng 11 heurs En the con
trol the viable count mereased from 7 X 18° to 3 X 16* colls per ml
The p¥i merenased from 670 to 7 70 during the same pertod of ime

Alc jaccalis Staph albus and Str faccalis behmed simgarly to

L colt 1o the viable counts were markedly reduced when ascorlie
acid was present

The Influence of Ascorbic Acd on the Bacterial Growth ot Constant
Hydrogen lon Loncendrabon

3) Third experimental sertes The result obtained when P ynigaris
wd I colt wore grown in urine at constant pH (6 0) are grvenin Figs 5
and § vespestinely

When protens bactersa grew i urine with ascore 4eid present the
aseorine amd concentration was redueed from 08 10 63 mg per ml
duning 9 hours During the same length of tune the viable count was
seduced from 107 to 105 celis per mi W hen the ascorbie and coneentra
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Grosth of E colt 10 urine 1o which ascorbic acd was ndded at various otersaly

tion as further reduced the visble connt inereaced to 2 3 10* cells
per i after 24 hours In the contrel the viable count wereased {rom
10 to 10% cells per ml dunmg 9 hours

When B colt geew under the same areumstances the ascorbie acd
contentrabion Wis reduced from ¢ 1 1o 9 Yo mg, per mi dunng 11 howrs
The tiable count decre sed from 3 X 106 to 10° cells por mi during the
same bime ¥ hen the uscorbie aaid coneentration was further reduced
the bactenal growth hegan agan In the control the vable count m
wrensed from 3 X 19 1o 1* cefls per mi during Tne first 11 hours

4) Fourth experumental sertes When £ coh grew sn unme 1o winch
astorlne acid was added o) 1anous mtervals (Fig 77 the ascorlie acud
concentralion Was mamisined at 1 level over 4 8 mg per mi The viable
tourt was reduced from 10° Lo 10 cells per mln 13 hours and to below
18 viable orgamisms per m! in 24 hours In the controf the viable count
wesexsed from 9 X 180 to 2 % 30° colls per mi duning 24 hours

v} Tyth expenimental serces Vnrder the stme npenmcmal condmons
a5 s the Dirst and second expertinenial series Yhe s
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LOCALIZATION OF ACID PHOSPHATASD
ACTIVITY IN MYCOBACTERIAL
CELLS WITH THE ELECTRON MICROSCOVE

By
Aourss H Npsen nd Jorces BEMFDSEN
Restmved 10108

Lortan enzymatie activities of the mycobiclerial addt have been o
ployed dunng secent years in the wdentification wd efrssification of
micobreteria  Amon., the enzynies used arc the naid phosphomono
wslernses {acd phosphatases) since thest e presant onby n certain
spectes of mycabacteria (9 18 18)

1t has heen shown by others (1 4 16) that bactenal raid phosphtuse
as well as different nenirdt phosphatises and prrophosphatases e
wwafined to Yhe superfiesal eclf kvars of pram nuoating kactena e to
the cetl surface the eelt wall or the space hetuecn the cytoptasmie mem
hrane and the cel wall

To gur knowled,e the questiont of where the anid phosphatases are
focalized 1 the mycobactersnt coft bas not as vel been answered It 35
thercfore the mam of the present studs to deterpune where tns enzyme
aclnaty of the myveobnelerind celf 18 tocahzed and therehy obtun m

formation which would perma su_eshons resardng the funchonal
tole of mieob wiersal aoid phosphatnse

MATIRIAL AND MIFTHODS

o F gphlec (o3 185 B OBD ZHI59 187933 eoe stramm of A Aansasi
TR and fove rams 1Y fuber ulosis (hos BI85 €315 379) 1107 11146)
Wire exam nud The stvains wers geonn a1 37 (o Lonenstan Jpven sohid medrun
3ud tn But o, ligwd medwm nlalmng DOy per cent Tween 87

The cells were harsested aftcr 43 hours { grawth f r the raptfly groning and
Wrte to wix w eks { ¢ the xloub groming stratns

B our straim

mﬁm £ latite an Lowenstern Joasen medim wese direstly emutaibied sn the test
t“{(:rmsmr. few dror 1 1% per cent or 2 per cent glutaraldehyde an Michaehs
i1 The wwrenar n was brunshred U ccntrafuge totes ¢ plamng a fen
e g ] Flatarai@thyde fiate and then furiker emulsified with a glass rod
sher flvats n for 15 minutey the cells weee washed twice 1 scckate T uffer pH %
o mu{um Cientifugation Cells endavated 1m the Dubos medmum were centrfuged
vu; ARy ‘m flutaraldebyde and washed m acetate Yoffer as de crbed for the celf
w N::xd n‘ \;cn ter Jensen mechiem The pellet from the fast ecninfugation was
TaJenddin 2 per ceol agar at 49 C esd th n shecs or mall locks were prepared
iy evpunment the cells were frozon and thaw ed repeated!  pn v to suspension

f]
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The Comon lead salt method as modified by Jalt (5) was emploved for the
hlstochemlical demonstration of acid phosphatase In this meth d the enzvmatic
st ltting of @ ghveerop hosph is indi by i «{ lead phosph The
Comori substrale contained 001 M sodium £ Blscerophast hate and 0004 M lead
nitrate in 005 M acctate huffer pH 56 Jn all experiments s>me of the blocks were
incubated {or the same perid in two control substrates (1) Comyri substrate with
an (nzyme polson (001 M sodinm flunride) and (2) Comori substrate with ut
£ gheerophc sphate

The enzymatic reactlon was observed by light micros opy  after first adding
diluted ammonium sulphide ta blocks which were washed In diluted acctic acid In
crder to btain light microscop jcal evidence of entyme getivity incubabion for 1
to 4 hours at 37 ( was requited

The specimens fir cleetrcn micre scops were washed in dilute acetic acid after
incubali n in the Comori and the control metia and the treatment with dilute
ammonium sulphide was omitted Subsequentls the blocks were fixed in osmium
tetroxide (1 per cent in Michaelis buffer pH 6 1) f r 18 hours After osmium fixation
the blochs wire treated for one hour with 1 per cent buffered uransl acetate pH 61
(14) and then dehydrated in alcohol and propslene oxide before embedding in
Vestoral W (15) Ultrathin sectisns were cut by an [ RB Lltroteme Pri r 1o electr n
wucecsecpy the sections were double stained with magnesium urany! acetate (3)
and lead citrate (13) Flectron micrographs were ¢ btalned with a Prillips EV 200
clectron microscope

RFSULLTS

Ullrastructure of the Mycobacterial ( ell

With regard to deetron density three lavers can be distinguished 10
the cell wall of the mycobicteria pr. a wide mncr cleetron dense lver
(JL—Ties 1 3 4 8 9) 2 wide muddle zone with no eleclron density
(ML—Iigs 3 4 9 and 2 very thin moderatels dense outer Imver
(SL—1I1ps 1 3 4 8 9) As a rule the outer eleetron dense Iaver 3s
more delicate m cells grown in Dubos medium 10 a few cells it s 2l
mosl tnvisible (SL—Figs 8 9)

The ccli wall and the cyloplasmic membrane are scperated by 1 41
<tinel ddectron translucent lnyern the ¥ phlet struns (Arrow—Fkig 3)
but not in the W tuberculosis (Fi, 8) or  kansastt strams {Fig 9)
Oceastonills this laser 1s bridsed by small electron dense somewh!
irregular eross bars (Arrow—Fig 5)

The csltoplasmic membrane 1s approuimately 70 X wide 1t has the
same morphological features 1n all the strns examned the outer dlec
tron dense Iner (PL—TFigs 1 8 9) bein, wider and more lectron
dense than the mner laver (Arrow—Fi,s 1 8 9)

The nuelear region displays a4 substructure of delicate electron dense
fil aments 1 1 matrix of low electron density (NU—Figs 3 4 8)

In addition to ribosomes (RI—TFigs 1 3 1) large mesosomes {2) mas
I seen o the cvloplism These are usually locited in the vicinuty of the
nuelear region (MLC—Figs 1 3 4 8 9) Because of exposure to jend
phosphate granules within the cytoplism often

the polymeta
utrate Pou ense mnclusions (MG— Fi,s 5 6 7)

ear 1n the form of very elcetron &
‘p(xl)cr\am areas 1 the ¢y loplasm show a very low electron densify Som;
have a circular eircumfurence and are holes due either to cwporalcd
melaphosphate granules (CH—F1,, 8) or morc probably to dissolve



Fig 1

Fig»

Figs 12

W phier (Stram 115) grown for 38 hours 1 Dubos medmm € ptrol expers

ment wath cells incubated for 3 howrs 10 Gomors substrate without g glcera

phosphate added The outer Taver (SL) of the eell wall §5 barels visible on
one of the cells Between the innet electron dense layer of the cell wall (IL)
and the cvtoplasmie membrane {CM) there 15 an electron transtucent layer
The outer layer of the evtoplasmie membrane (PL) 15 more electron dense
than (he nner (arrow) The division septum (BS) is composed of the cyto

plasmic membrane the inner electran dense laver and the electron trans

Tucent lager of the cell wall The me osomes (MF) are not well preserved m
the dividing eell Rebosomes denoted (RI) Magnif eation 87 00D X

U phlec (Stram 115) grown for 48 hours 1n Dubos tmedsum Cells 1ncubated
for 1 hour n Gomor: substrate Lead phosphate precipitates (LP) are scat

tered over the cell surfaces The Intensity of the hustochenueal reaction shat s
considerable variati n from one cell to another (CH) denotes circular holes
caused either by evaporated metaphosphate granules diss lved lipds ot
unstained gramules of nnknown composition Magnification 7 400 %
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hpds v unstmned sranules of unhaoown camposition {({ 1—Frs 2 7)
Others are of a more eloudy configuralion (Ch—~Fips 3 4) Both types
are generath displaced towrds the ocll poles

Histochermical Pyrelings

Acd phosphatast welmily was tound . alle the W phler and the
1f Lansast steams but not e the W tuberculosis siruns As peprds
the ¥ phier stram F 83 and the V Ransast st the percentape of
eclls with acid phosphatase actnify was lon when the cells were grown
1n Dubos medmm but clusters of eells with gesd phosphatase ety
could abwnays be observed m e clectron sucroscope {2 %) In these
cases the Tiht mmcroseopicat evalustion of the hustochermenl reaction
was uncerimn

The lend phosphate precymtates which are due to the enzymate ac
truaty of acid phosphatase are confined to the outer Iyer of the cetl wall
anit the space Just outside the eefl {(LP~¥15s 2 3 & 6 18}

The precipitates outaide the cells usually appear mn the form of elon
pated crvsials ridiatine, from the coll surface whereas those sn the outer
iayer of the cell wall have a more amorphous eonfiguration

Cells neubatid 10 the too control media hove o fead precipitates on

the celt surface If there are precipitales these are confimed fo certan
estoplasmie granules only (MG—Fig 7)

BISCUSSION

Our wsulls concernimg the ultrastructure of mscobactena correlate

with the fiindings reported {rom other I1boralonies (6 7 8 11 12) It

waald thus seem that the gutstanding morphologieal feature of the

myeobacteriat cell 1s confined to the substructure of the cell wall This

morphologieal tinding, may he correlated with the high bipid content

of the ceff wall as 1 has been found by chemieal analysis (17)

gc\‘\"c hhmc observed that the cyfoplasmue membrane and the cell walt
phler are seperated by an <lectron transiucent Yayer whereas the

Lells of Y pht » (S e
S ;ssmh.-a‘in 1353 gronn lor 48 hours on § anenstein Jensen medinm
i Com gy 0B D was iheubated for 3 hiaurs m Comors substrate and that i Fig 4
mi 1 orh D01 A Nk added m gnzyme pois » eedle shaped and
. ) are segn onby
% 3 The nur:x“:r:_)-:us precipitates are confined to the nule:r“h\u' o“rnth!:eceﬁl:u,)nx
iy el Tonr greas (WU) Wilh mesn nimes (WE) are Iocated contrally i the
Vwart e s 3] e Jess electron dease areas i the ovioplasm (CL) are displaced
brase 1o aa s Mubosomes are marhed (RI} Hotween the oot plavmse mem
(o 2nd the soner Isver nf the cell wall {1L} 13 an electean transtacent space
The suter layer (511 of the celi wall and the saer layer (11 ) ure separated
clect on tranalucent Iaver (VM1 Magallicatian 37 000 %
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Fig 7

Fugs o 7
M phler (Strain F 89) grown for 48 hours in Dubis medium Cells
mcubated in Gomori substrate f r 3 hours The long crystal shaped jead
- the

yind €

phosphate precipitates (LP) probabls indicate an  overineubation
substrate Iven in this case therc 1s n  precy itation of lead phosphate in
the anterior (f the ¢cell The precpitates show scaltered localization on the
cell surfaces In the pace bet veen the cell wall (CW) and the eyloplasmic
membrane (CM) stmall electren den e omewhat irvegular cross bars can be
sten (arrow  Fi, 5) Within the eytoplasm are small granules stamed by
the lead salts (M) Magnsfication Fig 5 87000 x Tig 6 14860 X

M phler (Strsin F 89) grown for 48 hours 1 Duhos medium € ontrel expest
ment with cells ncubated for 3 hours 1n Gamari substrate + ith 001 M \aF
added as «nzyme poisan There are no lead pho phate precipitates on the cell
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eytoplasmie membrane and the eell wail of ¥ tuberculosis and Y
Lansasu are i ntumate contact

Thus difference between the rapdhy and qlowdy frowng strams s
substantiated by the morphologieal furtures reported Iy oltier workers
concerming W phlet {12) Jucho (8Y M lepra and W lepramunam
(B‘ZC)amlnnl\On of n more representative namber of strans as requtred
Defore 1t can be established whether this difference hetween the rapdiv
and the slowly growung sirarns has a general Aabidaty

holbel (11} clauns that the peripheral clectron dunse Inyer of the
colt wall 18 not part of the celt wall proper but shoufd be considered
1s an absorbed Yayer beease of ils sputial stmmng, properhies and 10
conslant morphologieal features Both our Tistechemient and morpho
logseal results support the postulate that this perspheraf Iayer is umque
Howerer we do not conmder 3t Yo be mereht an bsurbed Ivver site
at lest part of 1t 1s formed In the cefl and conssts for mstance of the
surface enzymes demaonsirated m the present studs

Ve were not able to demonstrate any neid phosphatase mn the fne
W tuberculons strams This corresponds to the findings of Urabe of ol
(18) In contrast huppler (10} found waid phosphatase i 2l the ¥
tuberculosts strams evamised v nm An evplanatron of Vs dis
erepancy may be thal both Urabe and the wrilers emploved £ glycero
phosphate as substrate whereas Rappler used colvmn phenolphthalem
phosphale Beeause all the B glycerophosphatase megaisve steams of
M fuberculonts from our laboralory hase ~ streng  calamun phenot
phialews phesphatase achisiiy as delermsned tccorden, to Ripplers
method {unpublished observations) i is most likely that dufferent ¢r
2imcs are imolsed

The varsations m the acid phosphatase aclnnty found in W2 phiet cul
tures from the 1ne media may be i either as ¢k on
substrale or as an wiervction of the Fween 80 w the Dubos medm
Whntever the explanation {his situation s 2 possibie source of crror
w revhne anid phosphatase determsnations usin., different media
1t mas be concluded from the localization of the lead phasphate pre

apilates that the aeid phosphntases are surface enzymes and {hat the
enzymes concenabiv are loeated 1n the euler clectron dense Saver of the
u;\mhactcrml cell wall We have not been able to dumonstrate whether
also the aerd phosphatases of mycobactena ate cxoenzymes nos hase
we demonsizated that enzume actnny s found tonards the smierior of

urfaces The vlectron dease

granules (M) within the cstoplasm
Tm‘.‘?,fl,‘."é‘,, ;;‘:xfrehem:nnu!u Circular b Jes (CH) 1n the cnoy.x:x: ‘:::b:r
oate ““mx ¥ may be due to extracted bipids avaporated metaphos

F
Hom 2o, xts or unslamed granules of unknonn composition Magnifica



Fig 8

Figs 8 10
M tuberenlosis (Strain R 185) grown for 4 weehs 1 Dubos medium Cells
incubated for 3 hours 1n Comort substrate with 0 1 \I \aF added as ¢nzyme
poison The outer laver of the cell wall (SL) 1s barely viable whereas the
wnner laver (IL) ys well descloped The outer laver of the vinplasmic mem
brane (I1L) 15 more ele tron dense than the ner laver (arrcw) The ovto
e to the ny

plasmic membrane and the cell wall sre in intimate entact Cl
clear area (\L) 1s a mes) me (ME) 4t the cell pole 1s a hole (CH) proba
blv due to an evaporated metaphosphate granule 87000 x
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the celt Howerver this mas due to the expertmental condihons em
ployed Fornstanee {he coll wall may not hase been opened sufficiently
by the freemng/ihawing procedure to permmt mtrweeliular dhiffusion
1y cerophosphate

ﬂf%xlﬁ;l;gé ;hngpha‘:c preopitles w most of the my cobacterial cells
are confined to smatl arcas of ihe el swrlnee 1t may he questionid
whether ths reflects a definite Jocahization of the enzyme thus wmdieat
1., a cestain funchional differentiation of the mycobactersal cefl surface
However conclusians cencerning tus wnteresting, pomt cannot be based
oxclustvely on this land of histochemical obser tion Arteftets such %
Mffuston along the cell surface of newly formed but still not precapitated
1¢1d phosphates may confuse the ssue

Since the acid phosphatases are hndrolases their locaton on the
mycobacterial eelt surface 15 compabible v ath functions iy elving hydro
tysis of foretgn hgh molecutar substances Thus role would correspond
in thal proposed for nod phosph 1 gram negative bactern (1)
or 1 phagolysosomaes of mel: and prot cells

in more lughly dexaleped celfs the acid phosphiniases are also engaged
i celt antohysis YWe do not know whelher this also nught be the ewe
waih mycobacterta smee the cell populahions exammed w this stedy
shoned a neghgiile number of aulohvsing eclly

SUMMARY

The Gomors fead salt technique for the hustochemeal demonsiration of
weid phosphatase was apphed to three species of mycobactena wmzr
¥ philer M tubercnlosis and M Kansasu The histochemucal reachion
was ohserved by electron microscapy of ulteathin cet! sections

It was tuded that the acd phosph was 1 sus{ace enzyme on
cells of the ¥ phlet and the Y Aansosu strmns whereas no gead phos
phatase actinsty wos found on eolls of ¥ fnberculosis

For the strams with «d phosphatase aeinly the number of reactin,,
celis vaned in the different ceft populations exarmined and the sntensiy
of the stavmany reachon differed from one cell 1o another

£19 3 3 Lansos  (Strain BB 14y
grown oo Lowenston Jensen medlum for 4 weehs
EE{:xﬂlnrub:led 1 Gomors substrate for 3 hotirs As regards substructure this
o tsplays the same morphological features as the cell aof Y fubercalosts
5 % 7} Betneen tue ouler Jayer {31) and the snner taser (3} f the cell
laa ™ the electrar transtucest middle layer (MI) The vuler tlectron dense
: sc‘; f the cs toplastuic membrane {(PL} is in ntumate coatact with the
\:sm i:g:‘}:i :il{huzn‘h(u,) The 1nner electron dense lager of the cell wall

! 2n the vuter daver {arrow
PN E,c Aezn Magmificatian 87400 % ) Past of & mesosome (MF) can
2 ansasig (Srain FR 1) gr wn on Losenstein-fencen medi

wn for $ wrehs
;::‘x‘ l\:cu} ated far 3 hours s Gomort substrate The large needle anwed
o e Dxat\;u vreapliates (L) are confined 1o the cell surface Stagnifica
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The overall percentage of reaching celis was dependent fo some exlent

on the medium used m whether the cells werc cultis 1led on Dubos or
ot owenstem feasen medin

The ultristructure of Lhe three species of mycobacleria s deseribed
wnd the findings are discussed with speenil regard to the ultrastructure
of 1he cddl wall
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PHAGE TYPING
OF PSEUDOMONAS AERUGINOSA

By
Trsvarr Swosrre and Atk A LISOBIRG
flecesned 151148

Piendomonas aerngmosa has been wereasingls ricognized as the
aclhiclogical 1gemt of a yanety of hurem mfechions in hospatds Pae
datnc patients and debilitated adults ave pavticularks stsceplible 1o
micehons with ths organtsm The pathogemsenty of P acruginosa
premature wfants 15 well hnown and reports on the spread of the
baclenia with 1 r 100 ey t hune been pub
bished (Basset! Thempson & Page 1960 Fierer Taylor & Ge.on 1867}
Primary infecitons of P aeruginosa in adulls are ks comnion bud oftlen
serouy Severe postoperative miections of the eve with panopthalmits
were crased by saline contammated with this orgamusm (Lancel 1966
Ayhffc Barry 1owburry Roper Hall & W alker 1966} Patients treated
with 4 sterord omiment contaming neomyan and mphomyem con
tamsnated with P aerugingsa developed severe eye infeclions (hallings
Rumgerl  Stlorrstolpe & Ernerfeldt 1966 British Medical Jonznal 1967)
Respratory apparitus and minse selution for irncheal cathelers have
been reparted as sources of eross infections (Philips & Spencer 1960
Suifer Hurst Grossman & Galonje 1966) Patients with sesere burns
oflun succumb m septicaermas caused by for example P gerugumosa
{Markley Gurmend: Chave & Ba an 1947 hefalules Arana Ba an
Velarder £ Rasenthol 1084 Vuller 1967}

Dsfferent methods have been used for the epiderniologcal tracing of
P aerugenosa strains Huabs 11967) deseribed g serological method using
tglulmation reachions for the subdnision of this orgamsm W ahde
11963} ciasmbied the strams with the aid of pyocine typing Baclerto
f[”h B typmg has alsy proved to be wseful (Gould & VMcLeod 1868
,n;:« & Finlund 1961 Graber Latta Vogel & Brame 1962 Iindberg

alta Monerief & Brame 1962 and 1963 Sutler Hurst & Fennel 1964

w

o e’l;:e‘;rmgal W Colonel R # findb rp Sor vhe supply of the P sezuginosa bac

N ‘: r-,n ou;‘zxr i rresponding propogating straras Our thanks are also doe

. atlings for contingous advice Concerning yarfous aspects of this
Th

skitled technseal
1 g et futly “kh‘:‘:;‘di‘:‘;s!lm( of Mass feng Zetterman snd Mrs feng Cangakma
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Shooter Walker, Wilhams, Horgan Parl er, Asheshov & Bullunore
1966 Sutfer & Hurst 1966) Tlhe present pper reports the resulls ob
tuned using 1 set of 18 phages in typing of 667 P aeruginosa sirains
n Sweden during n 18 month pcriod

MATFRIAI AND METHODS

Bactessal Strains

790 cultures were collected during 1966 and a six monlh pertod 1n 1977 from
sarious hospitals in Sweden The cultures were identified as P aerugansa according
to Jessen (1965) Colonies with a characteristic morphology were prehed and the
bacteria were as P 7 if they a} produced psocvamin or b} pra
duced a fluorescent pigment and the growth pattern corresponded to that of 7 aery
giiosa mitrate and mitrite should he reduced gelatina should be hquefied growth
should not eccur at 3 € but at 42 C, acid should be produced from the breakd wn
of mannilo]l but not «f sucrose adomitsl duleitol sorbitol ar inositol

Origin of Phages and Propagating Strains
18 phages and their propagating strain (PS) were ohtained from Calonel Robert
B Lindberg 1S Arms Surgical Hesearch Unit 1¢ Sam Houston Texas

Propagaling Strans

‘The 18 pr strains of P nere gronn in Tryphcase Sos Broth
(TSB) Subcultures were stored on Tryplicase Sov Agar (TS4) plates at room tem
perature kach propagating strain was Dyophilized

Propagation of Phages

15 of the phages werc propagated at 30 C with the soft aar laver techmique
(ddams 1929) using 15 per cent TSA 1n the bottom and 0 75 per cent TSA in the
tap laver For three of the phages 68 F 7 and M6 propagation in broth at 37 C
sielded higher litres The crude hysate was centrifuged at "500 g for 20 mrntes
The supernatant was remoyed and the bacterra were hilled by addition of 10 ml of
chloroform per 50 ml of supernatant The phage titres ranged hetween 109-10%
plaque formng umits/ml The phage stocks were stored at +4 C The titres were
quile stable over a range of 12 months after addition of gelatin (50 ug/m)) to the

phages

Determination of Routine Test Drjution (RTD)

The RTD of each phage suspenston was determtned bs titration against the [ ro
pagating strain The phages were applied with a phage tvping applicator (Biddulph
w Co 26 Fenwich St Manchester 15 Great Britain) in tenfold dilution steps in
TSB to s secded lawn of a 5 hour TSB culture at 37 G The agar plates were 5o
rubsted at 30 C overnight The highest dilution causing almost confluent Jysis was
chosen as the RTD This saritd between a 10 3 to a 10 ¢ dilution of the phage stock

Phage Typing Technique ) .
dishes contaiming 1 5 per eent TS4 were sown with a § hour TB-culture of
ihstsll:.mu grown at 37 g A drop of each phagesuspension at RTD 1 as apphed ‘rr.;nh
the phage tvping applicator and the plates were incubated at 30 C a ernight The
reactions were recorded a3+ + 4 (confluent or almost conflucnt hsis) ++ (;nf!r;
than 30 fsolated plaques) + (10 30 isolated plaques % (less than 10 isol e
plagues) Each P strain was char by the +++ and + —:lsr)c e
tions The 1solated plagues produced by <ome of the phages (21 fs 11357\35’ v
their propagatiog siTains were of a small size but other phages (* 7 31
\lelded targe plaques that gave almost confluent Ivsis v ath 30 plaques
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CXEFRIMENTAT
Deternunation of the 1 ytie Speclrum

The Iytie speetrum w s determined accorting, to the method used for
stiphyfococer (Blatr & 1 ifliams 1961) using he phage typing applica
tor (Talic 1) The phages were chluted in Lenfold dilulion steps i 1SB
md then lested agnnst all the 18 propigaling strains The diution
anmg mman il + 4 rewlion (mare a1 ssolrled plaques) on the
VATIOUS Prop 1, g struns w1y compared with the dilution giving the
sume reiction on the homologous strain { Fable 1)

Most of the phges Iysed the P aernginosa struns 2 nd M4 the
reactions were secorded from 2 fo 5 Sesen of the phages showed reae
tions coded as 4 or § with 5 or mere strans except for the homolo,ous
reaction Phage T 10 Iysed three siramns but only wilh concentraled
dilutions  All phages tested showed some reclions which were recorded
a5 inhibition This reaction was charieterzed by 1 lhinming of the
bacterif prowth in flie are were the phage had been applied In these
cuses no 1solatad plagues coutd be seen with the v arious coneentrations
of the phe

PBhage Typing of 790 P aerngtnosa Cuitures

790 cultures of £ qernginosa1solited from palients in various hospt
tils were {yped using the phage set at the RTD The cultures were
1solaled from pitients suffering, from different infectious disorders to
gise 1 representitine distribution of /7 aeruginosa strams Cultures
1salaled from the sime palient and showng the same phage pattern
were reprded as ong strun In tolal 667 strams were mvesfigated
(Tablc 2) 611 siruns (91 6 per cent) were Ivaed by one or more phages
where s 36 strmns (8 4 per ecnl) were nol typable (NT)

TABLE 2
Phage Typing of 607 Pseudomonas aertiginosa Strawns

Number of Percentage Percentage

stratos typable not tpable
et T ahocators Mintestions T 62 o1 6
Penders s sy tecnons 197 931 56
;/:vp:ah ' et nfections 1 910 90
Db SR e nfertions i P PRIY
43 791 209

Malmo Allm nna appendicatis

Total 667 916 84
L A S B
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The orpamsms obtaned at the \ational Bactersologieal T 'ﬂvart\o;'x
Stockholm were wsolated from upne pus sputum and frecd culls
\ations from patients m different hospitals and {rom oulchinic pt
fents A lota} of 243 stramns (931 per cont) were thsed whereas 10 (59
per centy were NT W ith the aid of the phages the ofRIMIsMS Were
separated mnto more than 160 dstferent ysis prterns

At Dandersd s hospitat 1 central county hosptal 197 strans wan
ssolated m different wards Of these 184 (93 4 per cent) were hised
The orgmisis were separated into 129 by sis pallerns

A lotal of 11l strans (910 per cent} from the Akndemssha sytthe
husel at Uppsalr a medical school haspiial were separalcd nfo 64
diffurent Jesis patierns The number of NT struns was 11 (96 per
cent) Tight NT cultures were isolated from one patient durin, 4 2
ntonth period

From 2 renal ward at the harohnshi spukhusct m Stockholm =
medieal school bospriat 43 sirams were coltected The mcroorywmisms
wore ssolated {yom 23 patsents 21 suffening from chrome urmney {raet
wfections Among the <tzams 38 (88 4 per cent) were hvsed whareas 5
{11 6 per cent) were NT The nucroorgamams wese sep raled nto 36
different phage patlerns

The material from Allminna spukhuset m \Malmo 2 medwnt school
hospital consisted of 43 P aeruginosn wsolations from the appendiy of
patients with 1ppendiciis Qut of these strams 31 were hisdd wnd
separated mto 30 different phnge patlerns

The recordin, of the results was ensy for most cultures 23 (he phages
showed strong Iytic reactions As 2 rule the phage pattern of cach steun
was determuned by at least 3 and rarely more than 10 K e renctions
As regards some struns difficufties were met when the reactions of
phiges 31 73 and 119\ were {o be recorded The bacterial lawn where
ihe phage drop had been placed and a surroundimng zone were more
transiucent than the rest of the bactesal lwwn On dilution of the

phiges na wselated plagues wese found nd therefore these reattions
were not regarded s positie

Rlyping of 424 P acrummosa €ulfures

After storage for more than 4 months 424 of the cultures presersed
A% 2,3t stal cullures were retyped The difference between the phage
palierns obtamed on the {wo accasions was reeorded A differcnce be
heen 7 4+ + and & ++ reaction m the two typngs was not con
sidred ns siumficnnt However if the reactson had changed from
++ 4 10 + or lo ne fytic reaction at all tius difference was recorded
35 well as the reverse phenomenon Thus a tifference m reaction of
more than one + was recorded ns sigmaficant
. ?10 significant ditference 1 the Jphie patierns of 64 per cent of the
ulures was obseried One phage reaction was found to he different
¥ scraratr 75 1
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Fig 1
The frequency of Iytic reactions for each phage

27 per cent of the cuitures Two differences were found 1n 6 per cent
and three mn 3 per cent of the cullures None of the cullures differed m
riachion with more than three phages on the two occasions of ypng

The Frequency of I'ylic Reaclions for Each Phage

The frequeney of Yyhie reachions for ench phage on the 790 culluses
1s presenled m Figure 1 Only + + + md + + reactions were recorded
Three phages 2 7 and 302 lysed more than 40 per cent each of the
cultures § phages hysed 30 per cent of the cultures Only one of the
phages F1€ Ivsed less than 10 per cent of the cultures

DISCUSSION

The increasing frequents of Pseudomonos aerngtnosa infections n
hospitals calls for effective methods for the epidemiofomeal tracing of
this orgamsm Using the phage set of 18 diffcrent phages of I indberg
{1961) 1 total of 611 out of 667 sirmns (916 per cent) could he
separated into different Iysis patterns in the present investigation The
microorinmisms examined consisted of 13olations from different sources
and hospilals over a period of more than 18 months (Table 2)

The frequency of nontvpable strains in the different materals vaned
between 66 per cent and 209 per cent Throughout the investigation
the phages were used only m the routine test dilution the phage stochs
were diluted from 1 1000 to 1 100 000 WWith the use of more concen
trated phage dilutions for example 1000 X RTD the frequency of
typable strams was snereased The phages however frequenthv showed
minbition reactions when used i higher concentrations When reac
t 1000 X RTD were recorded it was often difficult to distinguish

tions a
nd an mhibiion reaction In such cases

Detween a true Ivsis reachon
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1t was mcessary to test the phnae m the dslntion steps hetween 1060 X
RTD and RTD As more than 90 per cent of the stramns m this amvests
pation were lysed 1t RTD the use of the phages 1t 1000 X RTD was
not considered necessary

W hen the lysis reactions were recorded the hmut for a 4 + reachon
which was the Jowest reaction reported in the lysis pattern was put at
more than 30 plaques s about 3@ plaques formed by the phages 2 7
31 352 and 4 produced aimost confluent fysis m the test spols Since
sueh a small number of plaques were used o establish the tapin, it
was necessary to standardize the hvming method to 2 Tugh degree Yo
obtain reproducible results

The stabilty of the lysis patterns was good when the strams had
been stored for move than 4 months The magonty of the strains 91
per cent it not differ n more than one strong Iytie resclion The
Istic spectrum of the phases also has been of the same degree of
stabihiy when tested on different occaston with newly propagnted
phage stocks

‘The host range of the phages used 1n this test was broad enough te
separate more Yhan 99 per cent of the strams To obimn an miernaho
nal basic set howeser 1 wiil be necessary fo compare the fytic spee
frum of these phages with that of the phagses used by other wvest
gators Several mvestisators using other phage sels have reported that
the Irequency of typable strains of P aeruginosa was ugh The pum
ber of yscd sirains hve vaned between 68 per cent and 925 per cent
{Gould et al 1960 Postic et al 1961 Graber et al 1962 Feary Fuscher
& Fischer 1963 Lindberg ef ol 1864 Yeuert 1965 and Saller ef al
1965} R eught to be possibic to ohtam a standardized international
phage set to be nsed for the phage tsping, of P aerugtnosa as has been
dene {or the phagelspang of Staphylococeus aurens comprisin., phages
hotls with o bread and 1 more speafic host range

SUMMARY

Cultures wdentsfied as Psendomonas aeruginosa were typed using a
thase et of 18 P werginosa becterophages The Iyhic z,]:mm ol'gthc
phaaes were determined With this set of phnges 611 oul of 667 (91 1
pes cent) struns of P aeruginosa were Iysed with 1 saration from 79
per eent o 93 per cent typable strams in five different materials 4s a
fule the strams were Ivsed by from 3 to 10 dufferent phages and sub
draded into different distinet Iysis patterns The stability of the lysis

Pt op repetied typings was found t
o be good The
& swiable subdwision of P aern . emstomes

oo ginosa strans {or eprdemuologicat
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GCROUP R STREPTOCOCCH PATHOGENIC TOR MAN

Two Cases of Meringils
and one Falal Case of Scpsts

By
Brate Pracu P ohristaanses and ha ShADHALGE

Recened 211 £8

In 1963 de Hoor {2) reporied studics on sireptococes solated from suphic
asmie mieehons m pigs These streplocoeer ruw on harse ood agar
with colemes surrounded by a parhial zone of hnemolysis resumbling the
hacmolysis charselenstic for Group B streptocacet 4 fow struns
showed no or very weak hacmiolysis on horse blood agar On sheep
Bload agar atl straans were found to be non hemolrlie e Voor s

not reported amy ntestisations dealn, with the abibby to form 2
soluble haemolyain iy ity these strept NN 1t

T
charactc pistic by thewr ability to spht muhbn and therr resistance to 40

per cont bite Seralogeally the struns exammed did not belong to the
hoewn Lanceficld Groups A to @ However by preaymtation with form
intde extracts antiens were demnonstrated whigh permitied diffecentia
tion e three serologrend groups De Woor designried these serological
groups R § and T A few struns were preaputated by antisera of hoth
Group R and Group $ (RS streplococct) The antisera employed also

preapitated exiracts of Group D These overlppin., reactions were
howorer removed by absorplion with Streptococens fuecalts hacteria
Human wmfect with strept bel

P 1o de Moors Groups
R Sand T wre not reporied i the lterature De Yoor sug,esis that these

streptacoces ipparentiy are confined to pras He did not sueceed m find
mg streptococet of Groups B S and T s a matenad of sbout 2000
strains ssolited from monhess cattle sheep hiorses do.s cats ribbats
miee and guihen . por have they been found m man

Dunin, the period 1960 o 1966 we have dranesed Group R strepto
€0cey u three cases of severe human mfecion m~ two e1ses of memn
Bitis 1 which sireptococsr were ssolated 1 pure cufture from the spinal
hd tin one of the cases 1lso from blood) and one fatal case of sepsis

n which sireptococer were wolated m pure cubture from the spinat
Th:
d“m:l:;u are due to Re &sna Tun! who kandly put her Prewnoe ten sera at qur
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flmd and from bleod An account 1s piven here of the ease lustories an
the hacteriologpical analysis of the Group R streptococer 1sol tted

CASF HISTORLIES

Lase B

J no I11893/62-63 61 sear old roan wcrhs manager at a sawmill Previoush
generally healthy Six days before admission to hospilal the patient sustained :
shght burn on the right side of the face from a spurt of flame from the centra
heating osen Slight redness developed but disappeared rapldly Two days befor
admission again redness and oedema of the right cheek with shght blister formation

Feur davs before admission severe atlacks of shivering with temperature eleyatec
t0 395 C Dunng the T days septic temperature variations and increas
ing severe diffuse headache One day hefore admission the patient developed stiff
ness of the nech and the sensorium hecame affected Pemicillin was prescribed by
the patient s own doctor and administered for tno days

At admission the patient was cxhausted febrile in yain and with pronounced
stiffness of the nech

tumbal puncture was performed at pnee The spinal flud nas turhd and yel
Jewish Mlicroscopy revealed 19 776/3 leucoestes mainly granulocytes with poly
morphous nuclei protemn content 491 mg per cent No hacterta were demonstrated
b direct microscopy

Moderate oedema redness and warmth «f the right half of the face were also
ohserved at admission and one or two small bullae containing clear fluid were
situated in the middle of the check The processes spread during the first days but
disappeared after five to six davs Culture from the shin was not made

Treatment with feilli in and sul was d pri
manl

On the second day after admission it was nolfied from the Statens Seruminstitul
that culture from the spinal fluird had shown growth of streptococci These wers
later identified as hacmolytic streptococei Croup R The bacteria were sensitive to
all the antibiotics with the ption of the sulpha preparations Treat
mcnt with these was consequentls discontinted During the first six days 1n hospi
tal the paticnt was decplt unconsctous and had several attacks of tonic and clomic
convulsions lasting for a minute or tno

The temperature gradually hecame pormal and the pattent slowlv regained con
sciousness During the first perrod he was fumbling confused and restless He
complained of deafness and an andiogram showed sesere 1mpairment of hearing
of the perception type It was considered that this impairment was due to the
memngitis and not to the streptomycin treatment since only a total of 10g of
streptomyein had been admunistered After Just over (ne month and a half m
hospital the patient was discharged o defimite psichic reduction < ould be de
monstrated and the hearing was somewhat better

Case L

J no F1sT4/66-7 38 year old slaughterhouse worker Apart from tendency t7
mmgrme presioasty mavnly healthy

A few days before admission to haspital the pattent sustained a shght mjury £
tbe rght st during s work having scratched himself on the rib of a slaughtered
p3g One or 1v0 davs later he deseloped pain In the right upper cxtremity redness
$5d tenderness around the site of injurv and a hittle purnlent secretion from the
“ol-:l:mﬁ- days before admission the patient suddenly develojed severe attacks of
shivering and rise 10 temperature to about 40 C During the subsequent days there
were severe femperature tarrations together with pawsea vomiting and severe

diffuse headache
th penicillin was presenbed by the patient s oy doctor
"I"{c:;:e‘:sl':; the patient was highly febrile confused fumbling and mo!nutalllv
extremely restless There was pronounced stiffness of the neck and positive hernlg s
Slglzluml)al puncture gave turbid milky spinal flmd and mrcroscopv showed 496373
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tes 90 per cent of which nere gramuloonies §Totein content 47C tag per cont

‘l;:::?mxcrosc‘;p; resealed humeras haeteria th ught to 18 pneamncoeed

The wannd on the wrist was dirty witha hitile purulent seeretion and there was
redness of the wrea wrpamd o Culture from the wound way net performed The
esion healed in the course of 8 few days

Treatment was instituled primarily sith penleitlin strey Lymsein and sulphadia
some On the thud day nolification was recenved from the Statens Seruminshitut
that cultore from the spinal fluid and Blsd gave gronth of nos hacmolitle strep
1ocoees Belonging o Croup B Thest were semsitive to al} the antibrotics examined
with the exceplion of the sulphs preparations treatment with which was then dis
contnued

Duning the first days of the stav fn b spital the patient was extremels 1t with
by pertirerma This condition was treated for 2 time with cold blankets and truxal
Wilh g00d ¢liect Furthermore the treatmend way soppiemenied by wet awtin and
for 3 tume by chloramphenic | aud ersthromvan

X ray of the thorax at admission showed no shnormality Four dads later there
were pronsunted bilaleral pueum nic processes Thewe decreasel consuderably in
the course of a few dayz

Ophthalmoscopy showed shight blurring <f the papitize without venestasis

The lemperature became normal after 7 dans and the patient began lo recover
slowly During the first dass he wes somenhal confused and had hallucinetions
but these disappeared quickls He complasned nf impatved heanng and duziness
The fatter syuplom diseppeartd sponteneously but the hearing rematned Impaired
The patient stated that before the present yHness he did nol hear well (nowss work)

After one manth i hospital the patient was discharged 18 @ good state of health

Cas N

J no 160717460 41 wear old man adrmtted with symptoms of septicaeraiz nr
loxi shock Death vceurved & few hours after ad Information &s svailabl
hat the patsent had had 2u fafected wound and that he had been s OHr some time
before admussin fost mort m examinatton reveated pronounced sadaserosss such
As that foned 1n pabients with septicaemis, In addition there were small yelfow i
Tltrates sm the hver {probably small abscesses) Culture from smpat flwd and

blood gave growth of bactersa apd the pr bable diagn sis 15 therefose fulminant
sepais emanating from the infected wound

Beades the pathogenesis there arc several similanties an the easc
tistories of the two palients B and I The courses of the disease were
almost wentical Furthermore 3t 15 possible that the oz of the
tnfection 1n Cases B and 1 as woll as @ Cace N was the munor skin
tesion sustamed a few dys hefore the onset of the disease

MATFRIAL
tnall seven strans were stud
ied one strun from Case B (spmal f3
\reins fr m Gase L (one fr m spmal fuid taa Geom laod S
bmes, D\d}m‘;;r!nz ;xl-,d )"mx three stralos from Case \ (ane from spamad fluid o
n e
Toun. 4 o taken at dfterens :::;;’TS the same 8av) As reference stran Straw

METHODS
The fol} wsn

€ b a h mical and cultural procedure
' foll e s were used
et wth on 18 per cent heel broth agar contatning 5 per eent defibrinated horse

* The wrders are
eratefu) to Dr Michae! Sehwarts Chief Ph: 1
vartment County Hospital Glostrup for permission to lc:mrl l{:;xc ::se“td":ﬂ be
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2) Growth on 14 per cent beef broth af defsd
)m;;c(hlnodl and 40 pler <cent ax Wyle wor # per cent
rowth on 18 per vent o agar eontaining 10 per cent horse blood

80 ¢ for 2} out 5 minutes} end 0 04 per cent palusll:lm tellurite bloed (mived st

1) Crowuth in broth contatning 65 per cent sodium chlonde

83 Crowth in broth at 45 and 10 €.

6) 1inal pH after growth for & davs fa 1 per cont glucase broth

73 Prostuction of ammonsa from L-arginine hydrochione aesd demonstrated by
“esster s reagent

8) Wdeclvais of sodium hipjurate shown by the addstion of 50 per cent sul
phartc actd to two parts of the supernatant broth cultore

9) Mueus formation on grawth an 18 per cent beel broth agar contaiang 5 per
cent sucrase

18) Producti n of acid dupng growil for 8 davs n broth contarming the drugs
recorded in Table § using Difco broth hase and phenal red as indicatar

11} Hydralysts of eseulin mad ghcogen using Difeo broth base and of starch
using oxoxd nutrient agar \o 2 conlaming 6" pir cent solnble starch

1%) Camy reaction according to € heestee et af (1)

133 Test £rr soluble hacmoalysin using rablut ervthrorvies (o per cent)

14) Sensfinity to sufphathiazole and the antibiotics given fn Table 1 measured
accarding o Thamsen (£}

Serologicnl Methudy

She streploroce] were hamested from growth sn tripwin digested br th for 18
hours at 3¢ €

4ntisera were § repared 1 rablists by repeated antratenous mgections I a sabme
suspenston of heat halled (€8 < fur 30 minntes) and three times wash { bactera
Thet wete storcd at 4 € n a dense su pension t1 109 of the ortgsm t v lume) and
presenved by adding 03 per cent formatin

Antigen for absorption was prepared in the same way as the antssen used for
immunization and centnfiuged at 12000 vy tbmt 1 3 to 142 viume of pached
cells was addid to undlluted scrum and allowed b hind for anc ta tu > hours 1
36 C in some cases followed In furthar binding at 4 € overmight

Againtinalicn tests were carried out m tubes with cutture (a) Mailled by 07 pec
went formatin and (b) kalled bx 1°7 € for tuo hours and read aficr 20 hours m

water bath at 58 <
Neufeld rea firn was varried out 0 shides by mong 3 hopful of 4 & and an
18 hour culture with a 1aoplul of <crum Resding was made immedatedy after the

miting
et} extra ts were made accordimg ¢ fancefield (5) (vswg 01 n Wdrochlorle
aed) formanude exira ts accordmng to Falier ($) and sofine extrwts according to

Fihot? (3}
Proengilan fesls were carried out 1a mierctuhes with a diameter af 15-20 mm

RFsULITS

Rwchenucal and Cullural Procedires

\forphologicaf exammnation of ¢ram stawed sme s from Tlud medin
showed eocel arranoed an purs and short chuns Uniform turindits
was obl uned m fhad medin On horse blood agar the colomtes had 1
ghsteming surfice and a nurrow zone of 8 haemolysis On pratanyed
wnenbation thes rescmbled Group B haemoliviie streptocoeer 1S alreah
obsernved In de Yoor (2) except for the « haemoly e struns isefated
from ane of the patients (Case 1) All the strains that formed 8 hiemo

on blood war produced 2 soluble hnemohysim
htochenmeat reactions of Growp R

} and the referenct

lysis
Table 1 shouws the endtural and g
streplococet 1solated from {hree patients (B L N
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TABLE 1
Prochemical and Cuttaral Behapronr of fwman {roup R Slreptoracer (ompared
with the Ammat Reference Group R Stramn 733

De Case N Case L
Woor stewas strains
R NN b

Case B
sraan
.

Acid formation sn
Glucose sucTose Yactose
maltose saliom trehalose
ralfimose ypahin melibiose + + + +
Arabinose mannRel sorintel
giycerol melemtose - -

Hydrolyss of
Esculin ghy cogen starch &+
Argimn &
Sodram hippurate -

b+
|+
[

Remistance to
Ot bile +
Tetlurite -~
NaCl -
do -

Mucus formation
Horse hood agar B
S lable haemals sin +
{amg reaction i+

Senstntts 1o sult hathiazele -

S it 4 4
Pesaniliin P v 44 bt
Streptomyuim Y + o an
Tetrauyetime +
Choranphenscot +
Erstheamserm +
Bauxtracin

Yaries {ram ~- to + 15 diffcrent tests

Group R Strun 734 150lated from a pro 1t wall be seen that the fiadings
were the same both with the ammat strain and the human steuns

Serafogical Evaminations

se:ln‘(; st from cach pabient was metuded w the examinations Anh
) ere prepared from steuns wsolated from two of the three prtients
U sipresentatines of an a hiemolytic wnd a § hacmobie stram (L
and B) and the ansmal reference Stram 780
Tl be seen from the results recorded wm Table 2 that ihe human
::‘nd A hiemolytic sireptococe: which reacted 1n anhisera agamst the
I r;m) reforenee straw of Group R are appasently serolomeatly sden
; and sdentieal wath the ammat Group B Stram 730
rqu‘:;l reaclions of il straws 1 wnabsorbed and absorbed sers were
y strang and negvdne sespestively In eross shsorphion espen
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TABLT 2
Serological Fxaminations u ith Unabsorbed an{ Absorbed Immune Sera
of the Present Group It Streplococet

Undiluted antisera of Rabbit
Capsular H73» B 1735 L, I R pre
titre Antisera againyt absorbed with 1mmune
K733 B 1 B K751 Ry B N\ ferum
735 20 2 I — <2
B 20 20 0 - - <o
L" 20 20 40 _ = = <2
N 20 20 10 -~ &n
Tube agglutination titre using formalin killed or heat (197 C) killed antigens
R 80 160 we - - <o
B 80 160 370 - — <10
L 80 160 10 — - - <10
N 80 160 160 — L1
Precipitatton with acid cxtracts
RIS 4+ hdb b -~ — o - -
B +++ FHF R~ — ~ -
L ++4 bt - - - -
g Ft bt —
Ireciprtation with formamide extracts
R735  (++4) (F44) (444+) — — — - -
B (H44) (FA4) (4~ — - -
1 (++4) ChE4+) (+4+4) - - - -
N (++4) (++4) (+++) - -

Precipitation with sahine extract using living {2 hours 38 ) or heat ¢
(2 hours 1°7 C) bacteria

R1235 d d d —_ = = = — —
B d d d —_ = — -
I d d d — - - -
N d d d - -

firm disk shaped precapitate
no reactron

ents with undiluted sera all preciprins and &, lulinins were removed
from sera prepared aganst the ammal stramn and the human siramns
\on concentrated filtrites of an 18 hour glucose broth culture gasve 2
promplt precipitation reaction with homolosous and heterotogous anly
<ern More concentrated preparations obtmined by saline extraction of
g or-nusms according to the method mdicated by Ellott {3) for
capsulated P\I streptococes and by extrachion at 127 ( gave 2 firm
ped precipitate
(hsll:hschsf\‘c!lesq rex;ctxan n the presence of type specific immune sert
was compatable with that observed with Streptococcus pnenmomvx;
The reaction was equally strong when 6 and 18 hour culturef; were llxst'x
In accordance with the findings oblamned by de Yoor (2) acil &
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Aracts ssme @ 2 n hndeachlorie aesd could not be precipitaled The form
amnde extracls gave weik reactions wdependent of the temperiiure
wsed (306 120 140 and 3100 C) The reason may De ot the easho
mdrate antigen 1s palls precipitated by the precipitation wilh acut
ethanot This will be examned in detads elsewhere

DBISCUSSION

Group R streplococer are reported here for the farst Linte 2% the £aussy
of menmlis and sepsis in man
The wolted strams were cullurally hacheguealls and serologsealiy
wentreal with the Group R streptocoecs ssolatid from poreine mfections
n The \etheriands v de Moor (2} The anymal sirmn and the human
strans from twe of the three eases were @ hagmolytic ca psulated strep
Yoeoce: while the strams from the third case wire a haemolytie wap
sulatedd streptococmy Afl strains gasy  posibine Camp redction How
e the d tation of soluhle hacmolysin and the Camp reaction
fasied 1 some tests “erther the amamal ner the human straas pane
sins of being pathogemic oF toue for while mmee 2s indicawed from
several prssades i mice Mo relfionship bidween the epsule of the
proent stemns and Sireplococeus preumontac was found when the
eapsiulor antigen of the present Gronp N streplovocns in sers of Slrep
tococcus preatmoniae Types 1 to 48 were [ested by the Neuftld reaction
Recenthy Lllot (3) repotted capsuiated g haemalybie streplocacet
conlamny, the Group D anbigen as the cause of neonatal wiechion m
Pislels in kngland These streplocoser appear Lo be wentseal with thosc
‘(507“*"5 from psglet infections by de Woor who designated Ius struns
aroup 8 (etted Eftotl) De Yoor (23 had ajrewdy drawn atlention to

etlappin., reetions betneen Groups B 5 and T streptococes and
Streptococeny faecahs

n[!g the present evammations ne evidence nas found of the eustence

“‘mm\m D antigen 1 Group B sireplococer erther by presipaiin tests

ah '-;:Zd evtracts w antiser: prepared by prolonged smmunszation
ith the present strams or m Gronp 1 sera from The W ellcome Labor

dortes Beehenham England

ml? single ahess of Group B Stram O 98 and Group R streplococa

cr:;;\:;znl:hodws :or B Oh!)(] and Group R could be demonsirated
% rplions mdicated howeser that the group antv.eus

B :’rnd R w ge not identiend P ant e

m(::; Gading of streplocoeas of 1 ancefield Group R in cascs of human

wn tn Denmark seems to be parbeularly remarkable smee as far

9513 known such streptocos 3 e strated a
4 e have not bheen demo
W the \ nopstraied 1t animals



74

TABLE 2
Serologieal Framnations with Unabsorbet nnd Absorbed Inmune
of the I resent Croup R Streg tocoiet

{ ndaluted antiscra of

Capsular W B NI L ¢ RS

fitee Antisera agalnst absorbed with i
n7Is B I3 BoRS 1 ONB B NS

K73 k] 2 0 —_ - = - <
B 20 20 i - - - <
L, 20 o 10 - - 2 Z
N 29 20 10 - <

Tube agxlutinatim titre using formalin hilled or heat (127 () hilled antigens
R735 a0 16p W0 o~ - e —~ <l
B 80 160 320 o~ - <1
L 80 16p 1D —_— = <t
v 80 1rp 160 — Ll

Precipitation with acrd extracls
R +44 44 by - o -~ -
B S T S SR -

1 FAt b At - - = -
A P e

1 ricipitation with formamide extracts

AT (prd) (++4) (F4d) — o~ — - -

B (++4) (+44£) (H4+) —~ —_ -
! (+4+4) (F+4) (44 _ - - -
w (+F) {+Fr) 4 4) ~ -

Precipitation with saline exteact using living {2 hours 3§ C) or heate !
(2 hours 127 €) bhactersa

/735 ¢ d 4 - - - — -
B 4 4 & _— — -
H a L] o — - - -

~ L d 4 — -

++4+ = prompt previpitation

{++ +) = prompt bul weah precpstation
Q= firm dish shaped precipitate

— = po reactien

ments wath undiuted sera, Mf preapiisns and 1. fulinms wese remosed
from sera preparcd 2, unst the amm Al strun and the human strams
2on concentrated itrates of an 18 hour glucose broth culltive 4036 ¢
prompt preciprtition reaetion with homolo.ous and heterologous antr
sert More concentrited preparitions obtamed by saline extraction of
I 1y orgsis aceardmg to the miethod ndicaked by Flliolt | S)f f‘;‘f
eypsulnted P streplococct and by extrichion at 127 C me 7 07
4 recipitate
m;}‘hzhs,\?:\ﬁ;gs‘. rel;dmn i the presence of {3pe specific ynmuie sert
bserved with Streptococcus pneumonaé

2 when b and 18 hour culturcs were nsd
(2) a0d exX

w1s comparzhle with that ol

The reachon was equally stron,
o weordance with the findines obtaned by de Meor
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The Flerovirny Depariment Stalens Serammustitut Copenhagen Denmar

DEVELOPMENT AND PERSISTENCE
OF NEUTRALIZING ANTIBODY IN HUMAN
RUBELLA INTECTION
Ry

~ Lrenus
sonas Receised 21 1 68

RubcHa occurred an eprdemie proporiions in Den

marh qunng the spring
of 1964 To obtamn informations aboul the &

ccciopment and persistence
of neutralizing sntibody during mfection with rubella vrus 2 number
of serint serum samples was collected The sindy reported here 1s based
on 7 serks of @ Tabila patients bled At wmtervals from onset of ifiness
over periods covering from one 10 three \ears and a half

Upon collection all sera were routmely heat wmactivated at o6 € for
30 nunutes 1 procedure which Jater was shown to reduce rubetia nen
trahzation titres considerably (10 11 12) In a presious report (6) the
antihody potentialing action of normal gunen pi, serum (GP3) on the
ncutrlzatwn of rulietls aires i healed human sern has been deserthed
In the prosent study the healed human sers have been evammed with
it without the addition of normal GSP

MATEBRTALS AND METHODS

Ham 5 sera The sera mere obtaned from 9 patients with a chnleal diagnasis of
rubella with rash ke matersal comprises 7 female and 2 male patients aged from
14 10 49 years af onset of allness Specimens were ¢ollected at 1nfervals over a pertod
1171 19 month  additional hload sample were drawn from & palients three vears
and & hatf after the nstt of 2itaess An stlempt Sas made to obiuin Dlood specimens
at eular neckly miernals € v the Grst two months and thereafter 3t § 12 and 15
m nths egding Wath & speesmen drawn three years and a half after infectivn

The er w re histinactivated at 56 € for 30 mnutes upon collection and stored
at mmus B { unt tested

N utrali ah n tests The

tests were p In SIRC cells 5
4 ard nue with the te hotque jreaously dewenbed (8) AN sera were teste) walh
and Aath ut the 2 ldition of 2 per cent GPS When w serses of wdiwkdnal sera from
% 131 eat has teen titrated tn more than ane experiment the results bave hegs lnhed

The suthor wistes 1o extend his sweere thanhs to Dr Herdis von Magnus who
0 ti2ked the olt ttion of the sers employ ed tu this study and later placed them at
in suthors 4 sposal The patients were kindly relerced fo ns hy the Mothers Aid
Centee and the Depariment of Conta

teons Diseases of the Blegdamshosputal Copen
hagen and by Or ¥ Bengeds n 5 endharg = v ®

The shilful techaical wssistance of Mrs D Lindvall and Mes H 7 iadhard 20d the
5 3 tance of Mass G Madsen RS fu bleeding the patients 1s gratefully scknowledged
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fadssidual antibods response curves for rubella patients 4 to § i heat mactiated
seta fiirated with and without gulnea pig serum (LPS,

together by retatrations of previously tested sera of the same series a well as by
the inclusion of a local relerence serum Titres have been expressed as the yeciprocal
of the intial serum difation

Throughout this paper bires Tess than 4 are recorded as ¢

RFSLITS

In the desersption of the resulls the patients examined have been drvided
mile three roups tecordu, to stmularities in the antthody patterns The
results are ustraled i ¥ig 3 and swmmarnized m Table 1 All scra
had as menhoned above been heat maetnated md recordingly two sets
of antibody {ires are recorded for each pitient one set representin., the
titratsons performed without addibion of GPS und the other st with
2 per cent GPS The sera thus titrated and the hiratrons m which they
are tested arc in the following referred fo s GPS free and GPS supple
mented <era or hirtions respectively

Group I comprisin. pitrents & B wd € shows antibody curses which
we characterszed by earhy appearinee of antibody i1 the CPS supple
mented sera with an even pradund rise sn titre whje the GPS free bin
tons at the carhest demonsttile neatrilizing anhibody 6 to 7 weeks
after rash Maxumal titres appear late 12 fo 1o months or perhaps Iuter
after onsct of Miness

In the GPS supplomented sery taken from patients A and Gt the
gav of tash Do antibods s demonstrable Durm., the first wedh of
diness however all patients m the group desclop anhibody tires o1
lescel of 4 to & A stexds but rather slow mercase fo hires from 32 te
180 takes place m patints B and C durtne, the first ino months while
for patient A the anhibody curie after two wecks seams to tevel nfg At
a titre around 16 All pahents reach mamal ttres of 90 to 1450 12 to
15 months aftr stauss The patients from whom Blood specimens arc
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N
TABLF 1 s
Rebetia ‘eutrals 478 Aatibody Titres 10 Indu vfual Yera

Neutsativation tests performed
\ath 2 per cent Cupnea Pig Sernm Wathout Cuinea Tig Serum
Antibady Antihod)

Thtre
Trtre first
Bt 060 sl 3ROT  deman  Masimal 3% e
£ steated e j;;l;:; strate} u tr‘e“ e
£ dav bl day s day Gre  day Uitre
8 )
s g 11 Wy b We
fa H 8 e s s b e %0 »
c % & 7 30 s ms 4 1 %W
A
185 30 N %7 4 w8
- - BN 6 361 1% 90
F 7 45 WY W NA 0 Q LYY
61 61 2
R T I P
n s 4 1B omp oM 1 6 18 48 16
3 1 % W mpr % 24 6 316 2% 32

A = Serum not avarlable § = Patient Tollowed {or 202 days only

avastable three vears and a half lates have at this time ires of 11 and
23 tospectinely

in GPS free Dirations omdy paticnt B shows aabsboidly from day 52
when an even gradual mse begins In patients A and € nentrdizipg
antihods appears even later and seaches appioamately the same levet
m the § and 4 monihs speamens winch for these patients e the ned
avatlable In ail three pabienis the anbibody curse follows at 4 fowner
lenel the fitres ot d v the GPS ted sera In the GPS {ree
seram of patient A drawn thret yesrs and 4 half after iiness anthody
ean no fonger be demeonstrated

Group I meludes patients D Fand I whose anltbody pattern shows
asapsd and abrupt nise 1 the ttre of the GPS supplemented sera withm
the first week of Wlaess In the Ino patients 1n whom sntibody 15 demon
strable i GPS free hitratwons the antibody appenrs after approvsmatels
threw weehs Vanimal Gitzes appear 6 to 12 monihs afier tiness

Titr stans of the GPS supptemented sera show anlihods titres of 23 to
9% m the blood specimens oblazwmed? duninyg, the fiesy weeh after eash
M thus time i fhees appear 1 be reaching, 5 piitean jeved whire they
Pernst nnchmged for at Jeast 1 to 2 months after which pered anon
€ftase 18 seen with peak itres of 90 to 1025 appearing 6 to 12 months
after onset af silness In the st axautable hlood spessmen from patient
E colleeted 1pproximatedy 7 months after tash the hire 15 86 Pabient

1 from whom 2 blood speeimen 1s ax alable three years and a half later
h1s ot this tume o bitre of 512

In group If the GPS free serum specimens do not show appearance
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of antibods unhl the end of the first month where titres of 4 dnd 6 ar,
obtuned m sera from pitients D and L In these palients titres are
s»ridually nercasing until peak Gitres are reached f the <ame time as
that found for the GP'S supplemented scry In piticat F antibody 1s nol
demeonstrable m any GPS free titeation throughou( the ohsersafion
renod of scven monthis The serum specimen obtuned three years and
a hlf later from patint I shows 2 hardly sipnifieant 2 fold deerease
from the mramal titre 1n paralic] wath the findings m the GPS supplt
mented fitrilion

Croup Il compnses pabients G If and J The anhibody curses re
semble those of group IT with the exceplion that the imtbia} rise in anb
hods titre sn the GPS supplemented sera seem o appear more slonlv 1n
sroup HI The rather long intenal of approxmatels 2 wecks hetween
the first and second blicding of the group 111 paticnts renders however
an evaluation of {his feture impossible

In the GPS supplemented sera an antibods liire of 4 35 found n
scrum from patient Hon dan 4 while antibody 1n the other wo patienls
appears Iater 1n all three patients 4 plateau lesel with hilres o f 45 to 128
15 reached n the sceond blood speermen drawn 17 to 18 davs afler the
rish The titres persist at 1hns level for at least 2 months nd merease
thercalter to manimal levels of 512 to 1450 6 to 12 months fter onsel
of illness The sera ahlauned three veirs and 1 half after illncss show 2
deerense 1 titre from the maumal s tue down o or shghtly above the
platenu levels

The mbibody curves representing GPS free titrations follc s a course
simiiar to that of the group II curves

DISCUSSION

The climeal dingnosis of rubella 1s often difficult due to vpical or
wmapparent mamfestation of this disc isc (4) and serological methods
for the demonstrition of rubeiln mfeclion are consequently desirnbic

The work reported on here was mitiated m 1964 with the objectne
of studving the development and persistence of neutrilizin, intibody 1o
rubelln viras in patients 1 order to work out  lechnique Iy winch 2
ref1able serofogical diignosis of rulrell @ might be cstabtished

In iecordance with the common procedure in virus Iaboratories (8)
all the human sera collccted were routmely heat mnetnated at 56 C
for 30 munutes This procedure was later shown to reduce bires oT
nentralizing antibody to rubdia virus (18 11 12} In n previous slud;
(5) resulfs werv reporied to be mconsistent w hen heted tnd unheate

tested stmnitaneously i rubelln neutralization tests
S has been found eapable of restorind

4 humnn sera and alse of enhanecing
sera (6 14) Based on these find

sera were

However normal unheated GP.
{he neutrahzing eapacity of heate
the neutrthzng effect of unheated
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wmgs the heated human semom this stady hawe ban examined 10 the
presence wnd wbsence of GPS i

The appearnnee of rubelin nentrlizng antibods 15 penerHly assumed
to oceur within 2 few dasys of the onset of chuneat thsease neresing
i» hitre untd mumal keels usually from 16 to 206 re reached three
to four weehs after rash The anhibody 15 reported to porsist unaitored
1t itre for mamy vears probabihy indefsmtels (1 23 12 15}

The present imestigation confirms the ripid ocetrrence of rubiulh
neutrahang anbbody but contran lo prossous fiadin.s opr ohsura
tsons show {hat mavmal itres may not be roiehied unti 6 10 15 months
after rish when titres from 90 1o 1450 arc encountertd Simec the dnte
appearance of mavumal titres 1s seen m "4 pahints exvmned we have
reason 1o behiese that s apphies to rubelin patints m general Affcr
havm, Terched the peak on the anhibady cune Gtres tend to deerease
1o Iovels roughly approsimaims, the hives obsersed duning the fiest
wichs of comatescenee The feved of these fate Gitres are so agteement
with e fimshings obiused by several maestipitors (3 9 10) anchuding
oueselves 73 who 1w ummune adults have observed tebetla nentr thang
anlihody itves of rouhily the same ma,mtude as those scen the
prtients meluded wn this study after 2 period of three years and 1 hatl

From the nnthody curves sHustrated m Fig 1 st will b scen that
titres of rubellr nentralizing antibody m heat minetns ved sera are
greally dependent an time of colfechion and also on the presence or
absence of GPS Antihods s sera collected during the first months afier
thiness may 1f tikrated wathout GPS esther not he demonstrabite at all
te mn the present studs 1n a dilubion of 1 4 or 1 mav appear only m
low fire In Iate scrum specimens s condition appenrs to he fess
proncunced The sermm of one patient however afnass required GPS
i another patient 1 deercase 1 wlibods titre below 4 was obsernved m
GPSree titration by the end of Me obseriation period covern., three
‘ears and a haf

Previous reports hnve miicated dilfcrences I anbibody devdds de
peadint on dhe form m which the sera wire tested In a studs on the
srola.ieal dranosts of rubelis Plotlan (18) found neutrabizalion tres
n unheded sery to be ligher than titres obtaned i heated sern
shether these were exvamumed with or without the ddtion of normal
rabint serum e reports titres from 16 to 512 m unhe ted sesa 3 to 4
weehs fter vash Parkman et al (12) obsersed enhancement of neu
tralizmg, antabody when heated sera were supplemented waith rabbit
;_‘:“’“ x'm!tfo(xrx)x;d ‘““!;“ﬂl l\‘;res of 64 3 10 4 neeks sfter 1llncss while

cen et al {2) using he
seram fter 1 snm\n{x‘- pejxl;d x:;:n?c"c}:’c:‘u:?d;::lan fxg o
Wires of B 1o 16 el rather low maumal

Arn
o hteragt ety f 1t stoms spiop e pesone 0 vary because
the obscryations sn the p;csem stiady g( At e o Juch saniation

erences wn the GPS depen

By x4
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deney of rubeil © mtibody 1n e irly and 1 ite serpm speeimens may how
ever offer an cxplan on of some of the apparen! discrepancies t the
anhibody hitres reported by different myesligalors

When titrihions of sery re performed in the presence of GPS anli
hody ts demonstr thlc 1 all specimens exeept as could be expeeled some
of the early sera colleeted within the first weeh of llness As a general
ruic all GP'S supplemented sera show higher inlibody titres than the
corresponding GPS ree bitrattons The rather unexpected finding of
maxtml hitres as high 1s 1450 1n two patients may be due to the anh
bods potentiiing ainflucnce of sumnes Piy serum which i our expent
tnee has a more pronounced cffect than the more widels used rabit
scrum (B)

A comp irative cxrnunation of rubella neutrihzing antibody in heated
nd upheatcd seri titrated with and without GPS has unfortunaldy
not hon possible with the material asailable for the prescnt sludy
since as mentioned routine heat mactivation of  majorsty of the
scrum samples had already been accomphished at the time when the
adverse cffect of thus trentment became gonerally known

A serolontcal diagnosis mn virus discases 1s often feasible by examina
tion of 2 serum speermens colleeled 2-3 wecks apart carly in the 1lness
The prescnt ohservations show that in order to demonstrate 1 4 fold
or lgher rise m rubells newtralizin, antibody tifre 1 pared sera it1s
necessary to obtun the first serum sample at the ippearance of rash or
during the first days of illness If the first serum 1s collected after the
first ppearance of antibodv 4 rather long nterval belwecn the two
serum specunens 1s reqitrred before 2 significant difference in rubella
neutrahizing 2ntihody titre ean be demonstrited In cases where thern
peutic abortion 1s conlemplated 1 major extention of the perod be
1ween collechion of the p ured sera ss obvrousls exclnded nd 3t ys hoped
that an appheation of hiema,glutination inhibriion tests and complete
ment fraalion tests on the serial serum samples now mvestigaled
neulralizafion tests mas yreld mformatson uscfui for the scrolosical
dinsnosis of rubella Although 1t should be stressed thit the obsers
tions are too few to allow generahizations the resulls of the present
study indicate however that it mav be possiblc fo estimafc whether 1
neutrabizin., antibody titke 1 a sinlle serum sample derres from o
recent or 1 past infeetion Absence of antibods n the GPS free fitration
and demonstrable antibody 1 the GPS supplemented titration suggest
a recent wnfection t¢ within the first monthe of rash although 1t
appears from Fig 1 that this reachion may alse occasionally be found
at 1 Liter stage Simultancous demonstration of neuirahzing antibody
iz the GPS free and the GPS supp:mcntcd serum specrmen may be

am a few weeks after ras
po::;:ﬂa\?[}nl‘“gh litres n ths study bitres above 512 may be mdicaline

5 ths after sliness
the “peal titre pertod from 6 to 15 mon
nfm:ulfs of treatment with human serut and grmma glohuln For
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prevention of chareal rubelin have been rather virvung {2} Amonst
seserd probable explanabions of the varalion m 1he profeetine value
of prmmn globulin Sefuff of al {15} mention the difference m neulral
1z, entthody contents i several lots of gamma plobubn 2ssaved They
sugest that pamma globulin intended for prophyiactic use be sclected
on the bisis of a hush titre of rubella newirahizing, antibods Fhe finding
m the present study that rubelfa prtients develop masim- antibedy
bitres as Jalc as 6-15 months after ifiness sumgcsts that matorat smtable
for passive rubella ymmunization should be shrived from blood donors
6 {o 15 months after chmext rubtli rather than from patsents m the
com alescent phase of the disease

SUMMARY

Derelopment and persistence of neutrabizing antibody 1 bum wn rubella
nfection have been studied m © patients bled 3t stervals from onset
of ttiness over perods caiermg from one to three vers and 1 hatf ARt
sera were hietl maetnnated wmd examuned wilh and wihont the addition
of normal Luwnea i serum (GPS)

In GPS supplemented titr ions Tubelt neatr thzin, antibods appear
sl 1 few days after onset of rash esther with an abrupt or 4 more

sradual vise w Utye Lxtraordinar hugh mavimat titres up to 1450 are
unexpeetedly found as late as § to 15

" months after snfection A decreasc
i {itre 15 seen later although nentrahizin, antthods styll persist 4

dependent on the
GPS appe s 1o he
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of the discise i eattlc in the same lerritory 1n Sweden for e1 ht con
secultse years 15 alsa presented

11fe Lycle of the Parasie

The parasite has a rather unique life evele with three hosts (7 10) Eggs from the
definite animal hest {mainlsv sheep) deselop fo a cercama stage m snails (mostly
Helicelin and Tronella specics) On wet days Following long sunny davs the larae
leave the snails in «dtmehalls (10) that are infcetive for ants of Formaspecses sn
which metacercariae (05-1 0 mam long) develop

In case of affection of the pharvngeal ganglions the ant experiences an arresisiible
impulse to climb up on blades of grass or other herbs and clutch tightly there
wstead of setting off to the tll ke the healthy ant There 1s a spasm of the jaw
muscalstuce whak coadecs o dmpassihle Car the ant to faoser fs grip W dea the
temperature riscs agamn the muscular spasm sanishes and the afficted ants jomn
their colony and behase like the healthy ones Catile sheep and perhaps human
beings eating herbs on which there are affected ants may be infected by metacer
caniae which via ductus choledochus migrate to the bile ducts and ¢ the luer

In the definite hest gronth of the parasite 1s completed in seven weeks and
another four weeks are needed until egy laving begins

In the luer of sheep infected with D dendrihicas Vershinin observed merusiation
with ealeium salts in necrotic potticns of the tnterlobular connective fissue and 1
the wntima af the blood vessels There was also granular dystrophy [ the paren
chvma with simultaneous proliferatisn of hiver cells and occastonal tt rombosis of
blo d sessels

The adult worm 15 8-10 min long and 1525 mm broad The eggs ar stmalar (o
eggs of Helerophges specrcs hut differ from them in having a thicher shell and
brownish granular content (Fig 1)

The deselopmental cveles of the antcrmediate hosts the snail and the aml are
Doth equally essential In endemic areas the cggs produced by the afult worm an
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RFSLITS

The ocentrrence of D) dendriticum in the imeshi, ded amumal pepul tion
15 shown in Table 1

The percentage of affceted eattle within Al wroups did not channe
ippreciabiy during the first five sears of the studs period From the
vears 1963 to 1964 ind 1964 1o 1965 howeser 1 marhed decreise n
frequency of mfoshition w 1s observed n am within I Lroups A siight
inere ise appored from 1960 to 1966 The merdence of disease 1 cons
wis thout threc times 2s lugh 25 10 voung cattle three bimes as high
i catlle vounser or older from forest dislricls s i correspondm.,
« Hegories from the plun

TABIE 1
The Qccurrence of Dicreccclium dendritrcum 1o S edish Cattle
Plams Forest district
Young cattle Cows Young cattle Cows
- - - .
S 2o . i
- ET < £ - £3 -
== @ -y = 8 I3 el -
£L P L < £3 %
<% £ % £ <3 < =7 £
H 2 G i G e} H v =
-~ FE e FE ¢ ~E . H
1929 a90r 29 3712 74 9954 Lk} 8395 206
1960 47 23 3176 77 10580 50 7043 233
1961 4212 32 3418 73 9943 56 6311 235
1962 6607 27 3814 90 14803 72 7809 %0
1963 7rag 31 4495 95 16829 (21 8421 236
1964 6833 14 4034 52 15530 34 8788 161
196> 6966 ng 3731 44 15416 19 7004 133
1966 7963 11 4050 55 1773 23 7404 142

In the majority of the human cases eggs were found only m one of

« sertes of faceal specimens Lpidemiologrcal analvsis including food
consumphion disclosed that 12 out of the 15 patienls had eaten hver
dishes (Iner roasted whole Iner sausage Iiver stuw) one to four days
before the sample was obtaned It 1s thus probable that the patients
had pscudo wfestations of D dendrificum nd i most cascs other
disenses wese revealed In some cascs ans definite dia,nosis could nol
bu secured One pihient had a weakly pasine serolo.teal test for amoe
clion wilh 2 shigth blood eosmophthia and entargement
creased serum transaminase

asis 1 conne
1 tiurd had a

tosis 11

he Dner, another had leucocy

g:u; (L]‘mstas;: jevels and ~ positine schilhn, test and
tron sy ndrome

m‘;::lll)\s::yrlc"xscs l}ln disease patfern suggested rather herocochosis The

case nstories were as follow
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Case Ay 1 443 vear 511 Swnede was tahen sl In a viBage near Barcel na where
he had been bmine under primitive condibons The tatient dovelopet intense
diarrhoea and a feeling of discomfrt helow the might costal marin and he was
adtitted afler 2 three m uth period of symptorms Eggs of D dendriticum were fund
8 faccal samples collected cver a two day persod In se sample there were albss
2585 of 13 ong fumbricorfes Other j ertinent findings were » mild bl § e sina
philsa (8 per cent) clevated serum cholesterol (3¢ ~3°¢ mg/100 i} elevate] beta
&t bulin fractim on electraphotests of serum o slight sncrease in bromsulphalen
e rctenti n smpared xviose excretion and 2 fat £lc se tilerance cume fy
Toentgen graphs 3 banum meal was seen to rass rape iy thicugh the intostiney

The results might be 1n agreement with an ab teucting price  of the hile ducts
and with 1atestinal malabsorption e g shnormalitucs that might be ennsistent wath
deroceohionrs Analysts of the fod history dase! sed that he had e
Ues of vegelables and salad which were not oo hed or cleaned He had heen parti
cularly dehighted 1n a dish ealled “paltha  conmisting of tice and snails

@5 Ao 2 4 24 yesr-old femsle nigro from Nigeria wha prevsously had
dilighted in eating fiymg ants fried cr coohed Aem highth m o The patient had
also enzaged eating snatds washed with Lime  and Jighthy rioket The slime was

aff alt fo rem: & She §s also very fond of sl han ds
of Iner diches

reatedly Sty
Fear fater the
parasies

The chanecs of contatunation seem o have been
Simploms of atqd

constderable 1n this case and the
mins) patn and o nstipation
coehiosss

might Be consistent wilth diero

DISCLSSION
';'hc Yetennary studies have shown that diere
weden One of the districts iveshgaled th,
:nne of the most popuiar hobiday reg
uman nfestation during CAMPIng, si

ocoehosts 15 widespread m
e coast north of Stochholm
tons 1 the countmn Some nsh of
cems probable Aecording to Arull

Paraysis wry
e o © thought 1o be crused by v cerebra) o

In
- ‘::u‘lex:,h: of the widespreag oveurrence of dicrocoeliosts 1 Sweden
TInATy 1mpottance of the disense 1
s of P © 118 surprising that so fow
‘on are found As a malter

dunose W0y of our deseribed ecases as oo e Rl to
festxbion with

.
Lommen parasites
isturbances or 3

convulsions and
calization of the
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RESUETS

Fhc occursene of B dendriicuns 1 the 1nvestiated ammal population
ts shown in T b 3

Ihe pereant e of dffceted oattle within alt &roups did not china
wpreenbly dunn, the fiest fise voars of the studs mrtod From the
sears 1903 1o 1964 wd 1964 to 1965 howover 1 marked deerease
frequeney of mfestation was obeeryed 1,0 witiun ) gronps A shght
mere s appeired from 1965 ta 1966 The madence of disetse m cons
was thout three s s bigh s voun., waitle, three times as ik
1 omttle vounger or older from forest disiniefs as m correspondurg
el ,0rs from the plun

TARF 1
The Occarrence of Dicrccochum deaderticum in Sue tish Caltle
Plans Forest distrat
Young cattle Csns 1 ung wattle fows
x z =z z
2 . F o
EZ = £ = EZ % £ -
£ 3 £33 58 T R
N -y g ¥ £ 5% = s g
< - = M 3 - = " Pt
A FE e FE o w P FEL
1929 3906 29 iz 14 9954 54 8395 06
1360 3179 23 272 74 10580 50 33
1963 4012 33 s 73 9953 58 51l 2.5
1967 w2 27 3%y %0 803 7 709 980
1963 £33 31 H5 95 10329 65 8oy 2 6
1964 5383 14 034 A2 18530 34 8988 163
1965 0966 08 3731 44 15416 19 o4 133
1956 73 11 wse 55 7235 23 7468 14

In the magority of the human eases «g.s were found only 1 one of
4 sertes of faceql specimens Fprdemiological wmalvsis ncluding food
consumption disclosed that 12 out of the 15 patients had eren Iner
dishes Uhner roasied whole Iner sausa,e hver slew) one to fonr 4138
before the sample was oblawncd It ss thus probadle that the mh‘c:t:
Hiod pseudo mfestations of O dendriticum and . most cm-s,‘; e(
diseases  ere vescaled In some cases any definite diagnosis cotild nol
be sceured One prtent ad a weshh posttne serological lcﬂx,{or m:::x
hiasts i cenncetion wuth 1 slhi,th blood cosinoplilin and ealir.en
ther had leucocylosts, tneretsed serum trans mmnase

of the e Tho g test and a Burd had a

~nd distase lovels and 2 posdise Schilh.

tron syndrome
x“}rll’:\fgasus tblu, hisease pattern suggested rather dicrocodfiosis The
>

case lustartes were a8 follow
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rales from yar to yor within sarous ape groups of domestse wnim s
dertung from different Beosraptucal areas when fhe effeet of combni
ng procedures 1s to be apprased

The treatment of dicrocaeltosts has been an important Aind difficalt
problem m infected animals Fmetin thymol furadin tetrachlor
ethylene and severat other drugs were tried (12} without gread suecess
untid Lamumler (12) m detruled cxperiments with more than 800 derng
tises found a preparation  Helohn synthetizad by M Schorr Farben
werke Hoechst A & which 1s highly 1ctne wainst D dendrificum
This drug has been used 1n other series {4 9) wath the same favourable
results 4s far 43 we hnow 1t has not been used in human cases

SUMMARY
Dierocockiosts 15 a common nfe

In °3s more than 50 p

station in Swedish eatile and sheep
some ar
Cansiderahle

er cenl of the animals are affected
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ISOLATION OF VARIANITS
WITH INCREASED MUTARBILITY TROM
NEISSERIA MENNGITIDIS

by
Fuasne Jyssvy and Sipssn Jussuw
Becetred 11063

W hen haspital straws of Bscherchia calt are sereened for thew mut
tion frequencies to streplomyom rewstance wd o axgtrophs many
diramns arc sigularly found w which the muiation Irequencies a5t
smereased (4 3) Thus elecated mutabihiy mas be eaused by mutator
genes (1 20 18 22 21} but it may adso be eaused by some form of
mteraction between the chromosame 1nd an clement of (prsomuc {or
plastid) nature (3 197 There 14 some indicatron thal mutatos genes
as nell as mutator faclors of epsomie nature ave mefe frequenthy
found among hospital strams of E rolz m 1966 than they were m 1908
andon 1960 (4 3 A Jyssum unpublished resutts)

4 mntabthty factor way atse fownd w a Nersserin menmngihidis
wixotroph {13} This unstable satant which was farhislousts s
worered danng tramsformabion of the auxoiroph it not differ ob
sousty from s parent sfrm execpt for s vers hugh freguency of
spontanesus mutation Pathways for the biosynihesis of amino aods
sttamns  metabolizrhian of sugars and seswstance to anbibioties were
all affected ¥ was assumed tht the muttior proparty was the result
of = sponlancaus mutation m the actual straw and the ongm of the
ml or stran thas more or less analogous o that of the 7§ reffers
factor (Z0) or the Marvard factor (1) w B colt

1t his teen the purpose of the present werk o find out whethes
vanmis with wereased mutafion rates appear . populations of
Y menmgfudis with sufboent frequency to permit the ssofation of ¢
collection of mutatos strams Furihermore 1t has been the wientton to
study ibe aature of the genchic labity 0 the mutator struns thus
found with the bope of fmding mulator fwlors with mechamsms of
tetion diffirent from those priviously desentid From other mucro
[LINTITENY

MATTRIAZS A\D METHODS
st The arganssms which were screvned {oF meres

) oWl Tr m the cergbrespinal fnlg ot

¢d mulation frequencies were
pat nts in Vorwa
b el 1 prevrons stadves on (e o Y Sorne of the strains have

and gencties of iy 1)
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Genctic studies were performed with the following mutants obtamed frem &
tape strain S of Croup B alter ultraviolet light srradation o aitrous ::u{mh::lld
ment of cells (5) M1-18 his ghy op M-8 hus arg cp MI-5 hus homoserep  W1-48
hisiysep M6 hisproer € enctle competence is faduated by the symbel cp
and mcompetence whielt decs pet vesert te competencs by ep (7)) The str-r marker
was & stngle step high leyel resistant mutaat (5)

freparation of DM Namplos of DAY were obtained as previnusly descrsbed (53
In some experiments DNA was prepared by a phenal exteaction precedure (13)

Vedia Blood agar plates or Hiart Infuston Lroth (3hb DIFCO) agar plales nere
used as solid complcte my ha Flud complete medism was Braan Hestt Jofusron
Broth (BN Dilio) Sugar markers swere examited on Hib ager plates contassng
26 ml per 1000 m} of a sat d selubion of ph d and the
in the concentration 1 1¢r cent The basal media Were those presoushy desershed (6)

Transformation The transformatitn assasy followed the methods describel pre
viogsh {3)

Demonstration of genetic labilily Cenetic Iabthity was scored by victue of the bt h
frequenes in the population of mutants resistant to streptomy o Cultures of the
N memingitiis slrawns were plated on complele media contasmng 00 yg strepte
myefn per ml (4) The mutatiro rates were usually detcrmned (rom the hamber of
tubes which contained no resistant variaots (17 4) The preportion (I auxnbrophs
of all varlants In bacterial 2] was 1 by spre on complete
agar medsa and (oring single colinres on basal media esther by streaking or by
use of the velet replica plating technique

Frt gme assags The assas of ( -6-P dehs drogenase and glucokinase followed the
procedures previoush used (8) Protein was determned b a binret method (10)

RFSLLTS

Search for Strains with Genelic { ability

Among 56 stramns of ¥ memnguudis which were scored for ans
unusual number of streptonriuin resstant ofyanisms by the plate
nicthod none was found wlich gave 2 ugh number of resistint colo
nies These strauns had no unusualhy biob frequency of awxolrophic
mut ition

Stace it 1s hnown that mutator nenes  (or alleles) may anise m
£ colt struns wath normal mufation rate probibly by mutation (20 1)
~nd stace we had found one mutator strunn ¥ memngihdis dormd 2
{ransformation experiment (11) 1t was considcred likely thal sinular
mulable s wints coutd reqularly be found in papulttions of memngo
cocet provided an adcquate seleetine pracedure was ¢stabhished

The wvotroph M1 6 hus pro cp 1 a double mutant previouslsy uscd
1 numerons genelic expernnents to 16) The reversion frequencies of
the nutritional marhers us and pro this stramn are of the dimen
0t and < 2 x 10Y respectisely The mulaton rate to
101" IUw s assumed that (muirhon event feading to
the grigim of 7 mutator llele 1 thes strain could result m a ]thlhl\ ::f
the biochemueal marthers 3l e pawereos spontancous ro‘ur 1;n~ (:

well as to his were sumuit 1ncenshy seored for 1 hiuh mulatior
[N 1A wnd for any mwere eed spontincous auvotrophic
frequency ,:0 snr l:}ﬁg‘) riverf mis (o pra fwr vere Found which were
:_:?(:::?:u) x:;::'r:rmt }mm the fspieal parint steam to ment further
amont, 3105 meriants to hus were

estigation Valahon freqmacs

swons 4 Y 1
strris <2

my
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ot consulered diffcrent from those of the normal \ wenngitidis
strain

Syrmiar expeniments have been perfacmed with other nutritsonil
amtants of the A mertagitulis stram M3 It appears thnt mutator
vartants wny he oblamed by tins pracedure from most anxotrophs
provided that the nutritional marher gsed 1 sufficiently stable 1 e
with & reversion frequeney At feast hss than 3 X 302

Lharacteristics of Four \ arianls weth 1acreased Mulabihty

The peneral charctenistics of the four unstable vasants 1solated
from the onsotroph M1 6 fus pro cp hnve heen suceessivels examined
alon., the same hees The Tour isolales seem to fall into the same ¢iss
neeordin, to the enterta used Smee no sipgmhent difforoned cowid b
found ihs description vo confined to the first one examuped the
mutant FS smut The mutator properiv has heen mdicated In the
symbol mat

The usstable vanant F9 and s ranous spontancoushy oceurriny
auxotrophs exhibited a considerable proporhion of undersized surfrce
cofons when streaked on complefe media This may be due to the
walulity of varous mutants to synthesize or tahe up substances In
fhwd media all dernatives carrying the mutator property showed 1
reledation of the vrowth rale This was obserscd durmng growth on
hasal metia as well 13 on complete medam (Fig 1)

The total per cent of auxotrophs w eultures from blood agar plates
rif,cd from 3 per cent 1o 8 per cent m Mifteen delerminglions while
the notmal parent stratn has less than 6005 per cent if the same
techniqut 1s used Requirements for a sariely of amine acsds {ire
2&:&% ?;“:n:in;‘l;:?mzt(mco!m:smule pantothense aed) were

es the arowth reqgw
trophs could not be wentified by the nsunl a?xx;xi:;il;:mirp‘rl;ecci;?u:s
(6 15) The mutriional requicemients which were 1dentified were m

General wmyle but the mnstabiily was seen to persigt after ~ first mu
tation so that double auxolrophs anse frequently

ot Fig 1
#ter fation ol the growth rate in guvalsc

when grown 1n comp}

Phs carryiog & m
Cte mmedre utstor factar



TABLT 1
Acliotties Correspanding to Clucol inase and €t -p Delydernendse 1n & rtracts from

N memagitidis
Setiaty A, X 10U/min/0 1 mg \

Source of extract 240

Genotupe Adapted 1o €51 Dk drogenase Clucohivace
MADP AD ~4DP
Wild Blood agar 68 1038 57
Wikt Basal agar 273 11 ™
Ias pro ep Bl od agar 312 128 186
s gle/mal mut ep 146 w2 b

N @

slefmal ep 118
% —

‘The mttabolism of su.1rs wis also affeeted The mutants obtmmned
felt mlo three clses The wosy {requent eliss of mutnts tid neither
metabolize glucosc nor maltose The newatwe property mdicated by
the svmbol gle/ml seemcd to be dite to & mutation m a single Jocus
(h Jussum £ S Jysstm unpublished results) The lesion 1s probalily
a2 mubibion m the hexohmnase synthesizing system (Table 1) The other
classes of mul wmis were gle'mal and gle mal  The last bupe of matangs
was very Tire n tfus mufator strun

The mubtition frequency strs Lo sir ras alse huoh mn the lahle var
mt The mutation rate 1 e the probabihts per replication act of that
particwd «¢ mual thon wis ostrmated to 57 X 10F while the parent
strnm gave 1 rafe less than 2 X 100 by the same techmigque {17 3) 1t
was obstryed that the mut iter \ariant gave more than 98 per cent str ¢
mutanis This 15 10 conlrast i the parent stron m whach more than 80
per cent of the spontaneous mutants are sireplomycin dependent In
the ancestar sfrun \{I-1Z ms the screemn, concehfralion of (G0 pg
pcr ml streptomy e results m 93 5 per cent dependent varmants (18)
The mutator strain does not exrry the novmal str v allele which s
canswdered recessice (14) since DY Y from the mutalor strun does not
transform a cp receplor strain from strs to strr Alsa the mutater
£1ctor does not confer low tesistance or profection acawnst the strepto
mscn haling on memnsotorel hhe the episome Lihe Sactor m E coh

2)
( The stability of the mutator property was alsa examined 6n 7 more
lhimited scale by iesting colonies from sin-le streptomycin sensihive
nmts for the presence of appreetable numhers of resistant cells Among
more than 5D80 colomes examned by this techmque none had lost the
mutation factor Treatment with acridines {7) thd not resull n a loss

of the mutator property

Transformation of the Mutator Factor
dv {he wenrhe nature of the mulator pro

order to be able to stu
po“lt‘y 1t has 1o be infroduced wto reciprents so ns lo oceur n comn



o7

naton with vapous genebe mirhers \s no direet selectson for the
mutator properly can be made the recombmants wsing by irans
formtion with DNA from the mutator strim were sulected s muta
lors by the effect of the mulntor factor on vanous brachemical mar
kers From Table 2 1s seen that the mutator factor which s obuiousis

present m the sarant F9 hassmuat cp could be transformed into vary
ous rectpsents by tius techmque

Txperiments simdar to those recorded wm Tahle 2

properlus could
to mutator negatie competent receplor struns
TABLE 2

Tronsformation of a Mutater Fa for o som Aur fr phs of \ meningitihs

5 1 mutat
Restprent D . Selective svstem per ceny e
edium  Cols per mi selected marker
ks pro cp his mut s >50x 10 <85
Pro 153 102 %
his str rmat Str 25010 ot tested
;m >50x10 <05
o 60X 10
hl;argcp hrs mut s >50 ))i 4 <9(‘3)5
N - arg 71% 10 8
U pro op pro mut His i) 93
i >lexne
W homoser en  tuyg mut His Shoxin § gg
N Tre4 et 61% 1 92
45 5l ep [ His S50 %1p <05
h 18 x 1
by evs e bis mut His S30%10 ggs
Cys 100 <6
>
The te,

ansformation system containy

e a) Proxy L, 11
LI siram The DNA ¢ ntained 50 T Trmgy 10t vos

Slac plates with 200

T actaram. 74 1
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be 1 refleclion of the hele rogencity with regnred to growth properus
observed duning surfice growth However 1t could also point to som
defect an the met Wholtsm which might open an approach 1o the dentif:
tition of the gene product of the mulalor factor (12)

1he frequeney with which genetie mstalnhits anses n popultions of
V menengiedis 15 obviously suffictently hish to permut the 1solation of
1 collcetion of mutator vamants along the hines established m the ex
penimental seclion Although the four nnstable stramns solated m this
series of «xperuments do not show any simificint difference according
lo the critersy actually tested they may ohviously represcnt widely
different mechamisms of action and separate senotypes It scems likelvy
that such an 1solation of a collcchion of mutator siryns should yield
2 vaiuable matenal for a further elucidnbion of the genetic nature and
muchamsm of 1ction of mmere sed spontaneons mut ition n bacteria

If we asswme that the mutator phcnomenon represents more or less
an ancresed frequency of normal spontineous mutation the types of
mutants obtamned become of some interest We have described the
three clisses of mutitor mnduced mulants with defects i the sugar
metabolization Among these the varants gle mal+ and gle o1~ were
Known from memngocoeer m therr natural habilat hefore But the class
gle/mal was not hnown to exist when st first turned up as the most
frequent class 1mong mutator induced mutants But onlv a short fimc
{afer we 1solated such 1 stram from the cerebrospmnal fluid of a pa
tient 1n the Unversits Climie (Stram B 8152/66) and a year Iafer we
recerved anolher strun with the same {ype of mutation (Stran 15459/
67) from Dr 4 Reyn Copenhacen Thus 1t seems that 1 survey of the
nmutator induced mutants may provide material to forsee the varanls
that may eventually turn up among strams i therr natural hibitat

Any genebic study of a mutator phenamenon requires that the
property should be transferrable by 1 recombinition svstem The ex
periments performed with the present multitor strams 1ndicnte that
the mulalor properhes m all instances mYy be transformed mto mu
tater negntive stocks with DNA from strams cirrying the mutator
characler It may be irgued that the experimental system presenied
{Talte 2} also .elects new mutaters in the population of recipient
wever since the control experiments with DNA&asc treatment
of DNA were constantly negative and heeping m mind the very small
number of mutator varrnls actualfy found 1 any normal population
(yide suprn) the results may be tahin to wdienfe « regular transfer of
the mutator properties by transformation resulting In 4 successive

mutation of the marher 1 question

cells Ho

SUAMMARY
56
ould not be demonstrated among
o s Norway A sclectnne

Lized genetic
SN fidis 1solated from patient:

strmns of N mentngt
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procedure Was established wiich demonstrated that ibrupt chances
may oceur 1 v memngituhs strmns wath no morc than normal muta
hon frequencies lending to persistent genelic stablity Four mutator
variants were 1solated i one expertment Tl mav he assumed that
genehc mstability anses tn populations of N memngiiidis with suihy
cent frequency to permit the 1solation of a collection of mutator strans

In the unstible sarants pathways for biosynthesis of amno acuds
sitamips  metabohization of susars ind resistance to nntibiohies were
affected The nnstable vanants contuined mutrtor factors which could
be transformed mto mutator necalne strains of A memngilidis
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Path micrabicl & andmar Lo o0y o \ewsena mer ngitidis Acta

Jyssurt K & Jussum 8 \anation an density and tra
nsformation potential m
8 oxvmbonucleic acid from Versse 1a meningifudis 1 Bact 90 1513-1518

-

-

=

Igssum K € Jyssam S 4 genetic locus res
ponsible for hugh mutabilst
\pusena memngitulis Acta path micrabiol seandmay Supp) 187 52

Kirhn v C EJ & Rudden ¥ J Locat

lop of a mutato: 1)

s o b by oraducton 3 Bt b i gy SOl

1 Rleweechnudt 4 K hass § J Wathtams R € & hn ght € 4
shope paj Tol 196a

W LeteriPe) Zy‘mor.n- virus J molec Biol 13 749~ Greie DA of
9 a recessiie mutation J Bact

61 519-550 1801
Lee s“z:ai:gu;:;;‘l ;:li‘;;r;p"’nc mu;nnls of Neisserra mentnginidis by mitrous
. 1 1 scandinay 62 61069 1964
16 Lie § . Studies on the stregtamyan sesstancs system of \ersseria meningihidis
1 Lan ;\;p‘:lg ;:A;r«;hx‘t;l scandinay 63 §93-63> 1965 7
elbrilc) Mt
retn prhek ¥ Jatat s ';;Eat\uu from viras sensitivty to virus
18 Megale T Mutat r factor
19 Taplor 4 L Bactenioph

i Salmonella tgphimurium Cen
etacs 45 31-14 1960
e Set age induced mutation 1n Es herichia col

w0 10431051 1963 Proe nat
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20 Treflers # P Sprelli A € Belser N 0 A factor (or mutatw geae) afly
enciny, mulation rates in Escherschra colt Proc nat Acad Soy (Wash)
40 1061 1073 19.¢

°1 Yamofshy € (ox F ¢ { Horn} The unusnal mutagentc specificsty of an
} rol mutator gene Proe mat \cad Ber (\\ﬂsh) v "74 -"81 1966

9% Zamenhof P J A genetic locus e fo

or biliny ia
By herichia coli Proc nat icad Ser (Wash) 56 845 ‘15” 1866




Arta path mucrobiol scandinay 74 101413 1968

he Depariment
nical Bacteriolony (Head Sien Wndlad MDY T
3;5:;::‘;‘(%’:;4”;{&:;& wattt MDY l,‘mwr:.l:\ ofLL\;r;dMCc;‘l;g:)l g:;{l;:;lul‘,[:nl“n;‘
t of Injectious Dises es {Huad  Wroe Lof I
-)r\‘:rlxs’;f:rﬁm;'r;wonc?xaﬂmm! of tnfpctiops Diseases (Head Sun Bdfrage M D)
Ceneral ffos ital Malm s Swedens

YERSIMA ENTERGCOLITIC 4 W PATIENTS WITH
SYMPTOMS OF INFEUTIOUS DISEASE

By
furetrre iy Biora Stostrow R4ren Do vanp
and CLAFS hINDMARK
Recnied 1yl 6%

The prourtency of %ersinta caterocohiica m assacilion with arous
discases has been considrred to argue for the pathoscnicily of this m
cro~ofyantsm for human bunes (Havsig ef af 1949 { arlsson ef ol 1984
Vallgret of af 1964 Waulers & Mollaret 1965 VWinblad ef al 1960
v 1) Grasx & VWaulers 1966) The resuits of a recent mnesbiabon
of the ncrdence of Yersuma enfergeolitica w punnts wilh seute ab
domnl symptoms (Mdehin & Sjostrom 1967b) oot that ihe bac
teeiam myy somdttmes br ¢ causal Faclor of entle termunad deshis and
sometuses sisp of mesentersc lymphadentis or other vonditions simul
ahing neate sppendictiss Yhe bacteriam has Fowever also been rsotated
{row paftents willy drarthor a evyihema nodosusm or otler symploms of

eute wlections disewse Tins paper deseribes the bacterolotenl find
m.s and sviploms 1 such erses

MATFI (4L AND MFTHODS
fline of Matesedd
The matersal  nsi ted of 31 tases where Yersima en? cocelifica had he
o tsolated
:!; l(:"l}a: facces (N 1965 March 1973 Fxeerpts of these 31 casey are given m the
1

Biter gt T me g
Cuftuee te kg Faeoal sampl 4

ples e caltured 1 g0l a3 Sescnbed previsushy
‘u\cmhn&( Ss st 36FTE) with the u £ af lalose sucro e urea agar (L SU agard
Dl & F 7 0L bty moditie d in pag pept ne spenial Orthana, (AsS
7thana kenusk fabnib O jenhages Denmorh) imstead of peptone Telaf s &
1'»:‘\-;;ﬁgmmm w ubated 2t 97 ¢ and 75 L. and Wappsg ot beoth (R paport
19 Cand 3T (4 aurs asa erective encichment medwrm ta a

W arewnlelt 10D B Bollln Malme J
e i T 8 mo J 4 Espens n Borgholm J Jndh
“‘T‘; o F 1 d“qr"ﬂ\ o ank B Vystrom hactshamn who fondl placed

e 8 tagat

(e I“,:; ‘\“-‘l:d:!:lp(’"!l«( by grants ,lr,m the Medical Facults f the
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few cases primary 15olation was dane on 2 a
torses, Detrit Stschinany at o o 85 agar (Bacto 5S agar B 74 Difco Labara
Bactenofogival sralysis Yerstnta enlerocalttica was dentified and haracterszed
with the methds deseribed | reviously (Vfehn & Spdstrom 1967h) I reviously de
scribed tests Were supplemnted by investigation m oxidation/fermentation (O/F)
medin aceording o Ingh U Ferfson {1833) for estimation of the setisty of the
stratns on d x3lase (I Verel AC Darmstadt Germans 873) @ glucose (Bal er Chem
Co  Phillipsburg, NJ 1916) lactost (Baher Chem Co 2°18) and mallosc (Mereh
3910} One per cent test substance was used final pH of the medium 70-71 As
peptone Bacto casone (Do 9299-01) was used The medm was dispenscd to
tubes 10 % 156 mm 6 em Inver cavercd with aluminium caps Each strain was
evamuoed in tabes with and withowt 1 em Javer of paraffin covering the medum
incubation at yroom temperalure (92 €2 ) and at 37 C£05 £ The tests
were performed at Jeast in duplicate

Serologieal Investigation

Txamination of the patients sera for agglutinins ageinst O antigen preparations
of } enferocoltfiea (strun  Winblad ) ding to the described pre
viously (¥ andlad ef al 1966h \iléhn € Sjbstrom 1967b) and determination of the
@ antigen {yve of the tsolated Ierstnia enferacolifica stramns were performed hv
Professor Sten 1 tnblad

RFSUITS

Bacleriological Results

Threc of the 1solated 31 strams (stramns 5674 582 and 1168 )
from cases B 18 and 22 have been desenbed previously (Mlchn 19672)
Most of the other strams appeared to be Iirgely 1dentical regarding
previously fested biochermical and physiolo.ical properfics One sirmn
was however Voues Proskauer negatne (case 8) and two (cnses 14
26) aiffered regardin, aud formation from d xylose (1 per cent)
hgmd mediim where an dicntor shift was te wstered alraady after
3-5 days 1t both 22 C and 37 € In O/F media the stramns showed
further differences m the mctabohism of d xylose and lactose {Table 1)

TABLE 1
d Formation from d \ylose and I actose by 31 Human Stratns of Yersimia
dar enterocolitica Tested tn O/F Vedium at 72 € and 37

ANumber » ¢ 37 C Strains 1solated
of 2 1 * fram cases no
strains
2 1-2 12 -2 W B
2 Top 10-70 10 30
4 xylose " 10 leve 20~ 6 13 15 22
B A 1 10 o9 14 %
- 30 20-30 0 30
Tactose ” 00 2050 A3 030 2 6 10 12 93 79

dycator shift wa registerel The tubes
indcate the day on which 10

w:’?:‘;:s’g’:;lfd aﬁlu'l 2 3 5 10 20 and 30 days 1neubation

aegatine afrcr 30 days

reéscuun »n tute s ithout paraffin

— reaction 1n tube with paraffin

T formed slower than 1 tube 1

1
"
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4hus 3 types of behwonr were oliseried n the mcm{\:ohsm of d 1‘; 13?;)
ripd werd jormation {1-2dans) at hath 37 € and 22 € {eases 2 .
Tale acd formation (10-30 days) 2t both temperatures and no acid
renction after meubation for 30 days {evses 6 13 15 22) Astelaclose
metabohsm most of the strans produced acid slow iy 120-30 dnsy 2l
one or both imcubation temperatures while 2 strams {eases 14 26}
differcd by thair rapud ondatne formabion of scad 1t 22 C but slow
formation ot 37 € Nove of the 31 stramns showed formation of nexd
from laclose m Liquud medinm sath 1 er cent peplone coptent during,
10 days incubation Al stramns possessed 8 alactosidase actiuly more
pronounced 2t 22 € than 2 37 €

Actd was formed rapidh {1 dav) from d glucose m O/F medium 2t
Joth temperafures withoul my appreciable difference beineen tubes
with and «ithowt paraflin As lo mallese crd formation m O/f
medium was hkewsse rapid (1-2 dyps) possubly somewhat stower b
W L a2 €

The suscoptibthify of the 31 strams to antibioties s Turgely the
same as that of prevwusty desenibed human Yersinia enteroealilica
strains { vilehn 19872 “ehn € Syostrom 1987h)

The 2 struas that didfered from the others w vapud acd fermatan
from d xilose and Jactose (cases 14 268) were also found to differ i
respect of O anliger type (W wnblad 1967 unpublished obsersations)

Catture from the faceal samples from the 31 patients could not 1
vert any Salmonella Shigella or Staph aurens

{ hinacal and Serological Observaitons

The mun symptoms and mavmum aginhmn istres of the 31 pat
wnts wath posittie Yersima enlerocoltfivg culiures are summnzed m
Table 2 Toents four of the pabents had diarrheea m 2 cases wath
bloody steols Flesen of the pitients with diarrhoet had aleo had cotie
for which 2 had attended the surgieal department beeavse of suspected
ippendicttis In oni ease {¢nse 1) the ahdomunal PR BUL.esied hiliaey
diease Rocnteen examination of that patient resented gailstone as @
protnbie oxplantion of the acute sympiows Dunn, the last few years
:n.; lm!\cnl (e15¢ 16} had been treated because of suspleted wlee e
fitiisiy

\ bady temper tuce of mote than 33 € was recorded 1 18 of the
i patients In 2 cases {cases 7 8} temperature peahs of 39-40 € had
heen notcd while 1 one (ese 5) the temper dure remained clevated
for tlong time

Vomiting or nansea occurred m only 4 cases Nonmspecific museutar
PHO or jomt puns had been noted i 3 and 3 cases respectnely In
2 cases there had been signs of acute gonarthnlis with reddamng
wmness and exudale Seven palients ncluding 6 wath svmptoms ;(
diarthoea hid alsa bhad upper respirator tract infections
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, TABLF
fain Symptoms and Mazemure Ag,tutimn Trtre (Rectprocal Value) agninst O 4ntrgen

entirocolitiea Had Been

A8 (vears)

Abdominal pain
rythema

nodosum
Arihralgia

Maximum

agilt tinn

faer (238 ()
Nausey

Ca e no

@

a
Sex
Divrhaca
1
Upper respira
tory infection
Muscular pain
Vomitus/

2

1 I + +
2 (" F + T+ o
3 68 F 4 T e
4 8 F 4 + h + o
5o ok R + 20480
s e £ + + + + + 5170
7 58 v + . o0
8 53 F + + + + i
I I + + a 1780
(Tt 3 + + + + + 5120
nwou ot o 198
12 0 F + 610
1Booa o+ 4 1%
14 35 \ + + + -
15 31 T ? Ty
16 20 F + 3
% ’ + 1930
18 25 M + 30
1B 3, T + + 160
2 23 F + + + 517
21 4 F + + + + + 170
» 13 \ + + + + 1780
23 16 A + + + 640
24 15 3 + Iy 3 390
2, t M + + + e
o 3 A + 3 i}
o7 2 r + 7
28 2 F + + ’
29 2 N + + + ?
30 14 A + + M
31 4712 M + + o0
fotal 31 110 hisd 18 1 10 I' 7 3 13

In onc patient (casc 17) the oniv 1bnormahts found was an elesation
ofthe 2 § R

Ten of the fumak paten!s had ersthamn nodosum In 6 cases the
(rvthema had occurred after an acule attach of drarrhoen possibiy
2lso fuyer or Joint pan 1n 2 after somewhat uncertam prodromal ssmp
toms and m 2 as the 1mbal ssmptom observed The intersal betwaen
1he onset of diarrhoea and the appearance of ¢rythemn had ranned from
7 to 16 days One of the pilwnts had a positine anhﬂrnplcl)%ml (llrc'
but ealture of throat swabs Wiy neqatine In the ol{llu- cases clmicy
mveshigation revealud no other expianation of the ervthema
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«eparation of Sessiua enterocohitica Human Type Thirty one Cases i W hich Yersima
olated from the Slools

Rumarks

Cholelithsasis

Chest \ ray sormal

Chest \ ray normal Antistrcptchsin test and Mlantous negatne

Chest X ray normal Antistréptolysia test and Mantout negatne

Chest \ rav normal Antistreptolysio te t Mantoux ami Vaaler Rosc negative

Chest X rav gorm 1 Mastoux pegatine

Chest X ray sormal igtistreptalvsin test Astistaphslelesin test and Mantoux negatne
Chest \ ray sormal Antistrept Issin test positice Vantoux negatne

Chest X ray pormal Anbstreptolssiy test and Mantoux negatnye

Chest \ ray nermal Prepnant m Iy
Hu pe ted ul eratne pohitt

Acute gosarthnts

Chest \ ray normal Antistreptolysin test negatne Mantcus positive Precuant m 1H

(h tN\sav normal

The ages of the 31 paients ranged from 4 months to 80 vears Seven
of the palients were children bidow 10 vears The patients with ery
thema nedosum were 22 to 77 vears old

‘;\g.,‘rulmms 7%amst an O anbigen preparation of the type strawm

. mhhd  were demonstrated 1 1l of the cases studied except one

h:lm 14) Two pahients (cases 26 nd 31) showed low contvalescent

ml:; o::. 1(:]1 '}nd 120 respeclicely In the olher cases the maximum
n X

\ctnlog\c'\a(; rom 1 160-20480 Four palients were not exammed

Turents two of the palients recoved rhcmulhemp\ Treatment with
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periaatinan 3 cwves hfore sampling did pot provent subsequent sola
tion of the baclerium from the stools Tetracyclines had been used in
17 casts an 10 cases studid the el stum condd not be demonstrated
i ssmphs reeened after letrievehng therapy had becn started

Most of the prhients soon recotered but some of them the symp
toms were profonsed {crses 5 8 31) Nametcen patients followed up
were ssmplomfrec sfler 2 to 20 months
, A\ozcmdcmmin,xc-ﬂ conncclion belween the 31 positise enses nas
‘ound

DIScisastion

The strams of Yersima enferocolifica imvestigated hore did not differ
apprecnbhy m yarious drianostie tests from strawns of human onge
desenibed previoushy (Meleln 19674 Nilehin & Spostrom 1967b) How
ever one strun differed from the others by iis negitine Y oges Pros
hauer s rewction and tno struns differcd by their O aatien compost
ion {(Winbhd 1967)

When culturd 1 O/F medin iecording to Hugh £ L eifson (1903)
munor dissuniiariies among the skrugs 1 ther mek wohsm of d xylase
wnd lactose could be dishingumished Thus the 2 antigemically divergont
strans formed acid rapidly from these {wo carbohvdrates in O/F
meodium  simlar to the behaviour obscrved amon., Yersutia entoroco
hliens sirains ssolated from animnls cypeeralhy chundhmilla (Frederihsen
1967 Nileltn 1967h) The achints on hetose of 2l but these 2 strams
mamiested itscdf by acid formabtion observed Jate or sors date m O/F
medium and nol visihle in hqud medivm with T per cent peptone Iyen
3f the present study does not warrint any conelusions bout the snt
freance of the metabolic disstmilariiues found the reproduuiinhiy of the
results arsucs anaimst the postulation that they muht be due to imvish
wation of oceasional mutant clones

The infinence of the peplone concentration 1 meshigations of acud
formation from carbohydrates 1s well known (fowe & Edwards 197
Seha fler 1962) With a view o demonstriting small amounts of nerd
formed by the stramns the O/F medwim of Hugh & Jetfson (1923 was
found mare sutted than a bawd fest medium with a Jnjher peplonc

concentration not onls m the melabohism of lactose but atso of d wriose

and maltose
3 aration 1n aed formtion ¢apactty w 1th the incub ition temperature

s prostously been noted 1 Yersimo cnieroyolitica struns (vichn
1967a) The difference 1n actd formatton from maitose i 22 € and at
37 ( (Nalehn 19677 b)Y was hos eser luss readihy demonstrble m!thc
O/F mudinm probably beeause of the abihiv of this medium to dileel

ts of arud formed
even small amo i o ({arlsson ¢l af 1964 Wollaret & Destombes

ublications
ch\‘l‘?::b’x;d of ol 1968 Milehn & Syostrom 1967a b) sunpest that
1';“mslmrx tnlerocal(hcu mYy SOmMelies cause conthtions with ssmploms
(¢
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tin., appradhalis such s acute terminal Mestis or mensentenie
;:,X?nx:}:ado;uhlsp Inolation of Yersuua enlerocolitica from the prisent
patrents with symptoms of various aente mfections parhienlarh fever
duirrhoct and ersthema nedosum ruses the queshiont whether th
baclertum may cause ihese ssmptoms It s poteworthy that ma of
the patients had also hnd weute abdominal pam somebimes sumud dn,
acute Appendictiis Stnale reports on Yerstma enferocoliltea as 1 pos
sible patha,en m patients with fever and gastro mlestinal symploms of
sumutar type have heen published previousty (W gler/eit Vollarel el ol
1984 W anters & Wollaret 1865 Graur & Wauters 1986} Bul the pre
sent chimeal matenal does not warrant amy defintte conclusions con
cernim, n possible relition between the presence of the bicterum wil
the sumploms Mumerous other aelioloqical possibiibies m pohwenls
with non spearfic svmploms stch a5 fever and diarrhocr mahe it diffy
cult to Judge the pathegenetie signshieance of the Hacterm
Mot ontly fuhiereutosis bul dse severat ather conditions are bebesed to
he of achioloaical n the desel { of ervihiema notdosnm
OF nterest 1 this connection are reporls of erythema nedosum m
assoctalton with the oceurrence of the elosely related Y ersinea pseido
tuberculosts {Morger 1962 Vollaret 1962 her.onteaf 3967) Vollarel
& Destombes (1964) reporled mescntenc Iymphadotis 1w a patient
wha later developed emvthema nedosum and a hih glulimin titre
aganst Yerstnta enferacofttica A further cse with mesenterse Iympha
denttis development of agglutinuns tsolabion of I ersinra enferocofitica
from the appendix and erythema nodosum about one wech after the
onsel of symploms has been deserbed by Atlehn & Spostrom (19672
By Apclutimns aganst Yersmme enterocoliica huve also been de
mopsirated in sera from a lare number of patients wath ervthomt
aodosum (W inblad 1967) which argues for « relation botween the
hacterum and this symptom The elimienl imesti.alon of the 10 pal

ients doseribed here produced no certaun evidence of any other cause
of the ervthema

One of 1he patients from whom 1erstma enferocoliica hag bren 150
tated apperred healths apart from 2 gh 1 S R The results of a
Prvious imvestigation (Ydehn & Srostrom 1967b) mdicate that the bae
Urim 15 not common 1 VaTious contrels wuch Ay apparently healthy
‘\nd;‘l‘l:: of chuldren (ynaecological patients or patunts with trawmatic

The b neidence of high agglutinm itres against Yersima entero
rolilieain palients with postive eultures miLhi argue for an achotogiend
vgnificance of the hactersum In those cases that eould be foltowed
with repeated serological analysss the development of the agglutinins
susgests A relalionship with the acute disease ¥n one case where no
tulutinns could be demonstrated and w another where the titre was
only Jow the stramns solated from the pattents were nol antigenieat]

Wenticdd with the others or with the stram used as antien for lh)c
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serolosieal examinabions But neither of these cases was af possible
to mnke any fest for Toltlmins 1 unst the palienis onn strams

Anhvsis of the w ulabl, hustorieal data of {he geographieat and
chronologieal distribulion of the eases resealed no c;xdemrolanecal
relabion belween them In one patient {ease 22) ¥ erstnia en(erocal-z‘lzca
il been ssolated provioush m the same fanuly  the possibly common
souree 1w flioneser not hnown

Thouoh 1t esnnot be concluded with ceriunty that Yersuua endeco
coliica w1s responsilite for the symplom complexes or single svmploms
i the present enses the rodation betneen the chmer! course Dacteril
findings devclopmant of antibodies 1nd n most cases laek of othet
cxplinations of the symptoms irque for the bacterium bem., of actio
log e ssqruflcee

SLVMVMARY

Thirty one ewses mowhich Yersima enterocolitca had been isolated
from facces were examund serologielly and chingeally  Minor hio
ehiomient and/er scrologieal differences bolween mdmidunl ssolnted
struns were demonstrated High antibody tilres were obsersid m 2o

of 27 patents studied
Drwrshora or other gastro mtestinal samptoms usually ssocrated
with fever were common The matenial included 10 cases of (rythema

nodosum
€S REPOATS

Cuase {  VWoman aged B0 Alternating dharrhoea and constspation for one year In
“os 1956 admutied (o hospital (Matmo) because of ferer and daffuse abdommal pan
Max terop 386 C body temperature became normal after 4 days % ray  Chole
Dthasss Culture of faeres one weeh after admission gane growth of 1 enternealtbicn
The waman left hospital symplomires after 11 davs treatlment with oxstetracycline
Agelutmin titre against ¥ 11 weed after =d fon 1 160 3 weehs later
3 30 snd after a further week 1 10 Symptymfree at resrew 5 months later

Case ® Woman aged 37 \dmntted to local bosmtal {Borghoim) sn \ov 1986
one woeh after acute anset of diarrhora and dull abdommal pain N\ yay of colon

and chest normal appearances Sixtesn datvs after nset of symptims errthems
nodosurm appeared Cultsre of faeces 3 veel s after ¢nset of symptoms gare gronth
£3 £ and 1 then showed an agglutimn tatze of

af v
{ 9560 After treatment weth outctravschne culture of faeces gase fa growtk of
4 enterocnhitica Al svmoptoms disappeared alter * wechs treatment Agglatinin
titre 6 wechs after onset 168 after Curther I neeks T 40 Svmptamfrec ai zeview
2 months afler cnsct

(ate 3 Womsn aged 9 \dewtted ke hespital Charlst ¢ na) in Mg 1900 hecause
of fever and erthema nodesum which had appeared 17 weed s prosy w b Treated
Lia for 1# dav  bodore adms s 2 N haown gaste intestinal vmploms
+ viom gave gronth of 1 enferg obitica The woman became
afebrite 8 fuw davs after admision She was treated with dewethvlchl rtatracyeline
S the erthema soon disappesred Che 1 % rsy  normal sppegrante Avtistrepta
tuin ditre negatne Mant us nesafiic :g}d:z;am{r: m’re;g:’:\;si‘ ]\ “ltl:;.l'rntr)'lh an

G { 10 an after

’dmlwgn ‘\»i?n::da;n:és F:\:r and dorrrd e f<r ahout a neek n Dee 1087 Then

cﬂl’)c,\z 4 35 hap patn and about 14 davs sfter un et of thal symplums er
e rmh;sum Admtted to hospatal (farbke nas Chest % ray a’rma) unba'
therta B Tiire negalive. Mantout nepatne (ulture of lacces on 4
ance Antsstreptolyon . lutuun tare 1 1 B8 Tecated with dc
mssion gave growth of ¥ enteroc Dibwea ag

with § ensesd
Culture of facces on ada
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after onset the patfent was
mdhyl:,hhrlclmc;c!m: n;:"x; {h;:o Atreview 3 months e
symptomfree aggluyinin in \oy 1965 was follewed bn
el e et 6L i ity o, The darshoc
scule onsct of chills acute abdcmiTel S rure then acafn began to rhe
fter ¢ ne seck The tempuenture
and the fever disappeared siter e Ny wmelling and pain of left hnec
and the soman camplained bl s e B0 e was 335 € Cultures of blood
On admussion 1o hospital (Malmo) her Lo p‘ rE w2 3 antou nagative ani)
and Jownt i negative Chest & " s:":\:?;(l\tpp\\ Jials test (apglulimms aguinst
streptolysin fest negatae Wasiel ot 5 typhi A and 8) negatine Cullure of
© and H antigen preparations of 5 Lpht Tarat it A etk saterscotiticn N0
facces some days sfter admission (a\§ :bu;x ‘In\i::: e apalost 1 enferorolitien
gromth alter (r:alxr;:(\;l ;“u‘n‘:aok‘ l:i:::c;fh::ﬂo:g\u 9% 488 5 months aller admisslon
on adrusnan e with
Tperuaitlin 1 msttion X 4 then
1 270 Thy patient was first treated with benzylp Creatment with ohl samy he
owtetraciehine 2 § per da and after & further 10 davs treatins
d for 3 weeks after which
micol 1 ¢ % 2 was started The fever (38 € 33 L) persiste after which
i iy bl v Skt s
sent hame 1 later Afterwards she felt
suspected venous thrombosis but was sent home 10 davs o b
well apart from symptoms of ssthrosis deformans Last follow up 26 months afler
onset reverled nothing remarkable Agglotinia titre then 1 160 . N
Lase § Woman aged 63 Dnset in March 1987 with diarrhoca {or 4 d a:is a A
dominal tenderness but no fever One weck later fener pam n the ﬂr;mc hani nr:‘
finger Joints Eleven days after tuset of the symptoms ersthema noloswm appes: . “
on the foresrms sad Jower extromilies The patient was admitled to hosps 2l
(Malmo) Cuolture of the facces gase grauth of 1 enterocolttion Trualment\wx
sutelracyeline was started Fight days Jater the patient was afel rile Chest hrz)
wormal appearance Antistreptolysin test negative Waaler Rose negatise Seat home
sywplomiree after 3 wecks Agglabmin ttre sganst ¥ enterovolifica on admission
15138 2 mosths after onset 1 320 Revaew 3 monthy later showed nething
remarkable
€ove 7 Man aged 38 Provioushy healthy Acute cnset n Sev 196F with nansca
znd fever Two davs Iater he had high grade fever and diarrhoen Afebrile after one
week After a further day ¢r sn his hady temperature agman began to mise and he
complaned of general muscle pasn Admoited to hospital (Malmey where eulture of
the faeces gare abundand growth of 1 enferocoltlica Treated with exitetracyelne
20d symptoms prompthy disappeared Sent home 10 days later Review 2 months
later revealed pothing remarkable Agglulmmn titre sgainst 3 enterocolihea on
admission 1 8120 on discharge 1 2000 1 month after onsct of symptoms 1 1280
$ months Jater 1 89
Case 8 Woman sged & Tn Oct. 1945 onset of fever 38-385 C diffuse epigastec
pai and 2 days later diarrhoea This was followed by challs and feser peaks of 38 &
40 € for a week Fousteen days alter onset diarrhoen returned and erythema
vedasum appeared Admitted to hospital (harlshrona) Body temperature on sd
misston 382 £ Culture of the faeces on admission gave growih of ¥ enterocohitica
Afler 1 days treatment with dernethy tchtortetracs chise body tesnperature nas agam
normal Mantoux negatne Chest X ras narmal sppearance Arglutims titre against
3 atr hien noadmission 1 5120 after 3 woeks 1 %570 after § weols 1 1280
end after 3% months 1 3°0 Heview b months after onsel rerealed nattueg re
markable
fas & Woma
thema nod,

Tt rile bo
{harl ue

n aged 48 Previously healthy fn “ov 1986 she developed ery
o um on the nigh! Iower extremity and sfter @ few davs matasse sub-
3 temperature and dilfuse generalized pamn On admission to hosprial

#a) her body temperature was 382 C Mantows negatie ieroseopy for
tuberele ka ills i putom negative Ches

1\ ray normal sppearance Test for antt
treptolyan and antistaphy! b neg tine FhG normal Cullure of facces gave
B WIMaL) nt ror Rtiea The patient was treated with demeths ichlortetracyeline
} vz whi b bol temperature gradualts resurned {owards normal Afebsile afler
'; mechs She left

howpital symplomires after 4 weehs Agglutinm titre aganst
8 ¢ b o on sdmisdon 4120 14 days tater 1 1288 ope month later 1 540
4 m nths after onset 1 BO AL Tev ow 4 ma
ax

aths later the patfent felt well
healthy In Moy 1966 nausea abdominal
Bods tempecature up o 38 C for 34 days

10 Woman aged 43 Previously
Pan bothorygmus snd mild dearchoes



One weel after anset of ssmptoms ersthema nadosum appe
The patient was thea admilled 0 hogputal (vaciay Doty termectos e o
r‘x::nt;:::‘tg‘a;w“““; Chest X rav  normal appearance Culture of throat swabs showed
hmormal Antistreptols wa titre 210 1L Culture of facces immediatels after

admission gnve growth of 3 enferocolilicn The woman was sent home svmptons
:;.‘;ir:g?llg’;cn“‘:.:mn\rt Ln;“;; persistent symptoms  Agglutinin titre against 3
gateroc n ssion 0 3 weehs Tater 1 5120 ° months after admission

Case 11 Woman aged 44 Diarrhoca for 10 days after an episade of fever in Auj
1966 No treatment Culture of faceal samples after the symptoms had almost dlf
appearcd gave growth of ¥ nterscolitica Agglutinin titre agamst 1 entrrocolilica
about 14 dass after onset 1 160 one month lafer 1 1280

Case 12 Woman aged 40 Diarrhoea for about a weeh 1n oy 1966 Sought ad
vice at outpatient department harlsl rona hospital Culture of facces gave grawth
of 3 enferocolibrca agghutimim titre 1 F40 The patient was treated with tetracychne
She soon felt well and snvestigation resealed nothing abnormal Review one momth
Jater showed nathing remackable Agglutenin fitre then 1 160

Case 13 Woman agid 39 The history included repeated attachs of tonsithitis
Jast time 2 vears before preseat disease which started in April 1966 with fatigue
stabbing patn radiating from the lumbar regron of the hack forwardly towards the
abdomcn Two weeks later ervthema nodosum appeared on the lower extremities n
association With pain in the knees elbows and ankles She was admitted to hospital
(harlshrona) about one month after the onset of the inihal symptoms The erythema
then less intense VMantfoux negatie Antistreptolysin test negative Chest \ ray
normal appeacance Culture of faeces gave growih of 1 enterocolifica agglutimin
titre 1 1°80 two mouths and a half alter onset i 3°0 During her stay sn hasprtal
she was treated with tetracvcline Review two months and a half after anset revealed
nothing remarkable

Case 15 Male aged 3o Onset of mild respirators tract symptom and sub
tebrility 10 Aug 1966 One week later alternating drarrhoea and constipation About
5 weeks after the onset of the initial ssmptoms diarrhoea recurred with sntermattent
abdomnal pain 1 the right lower quadrant Admitted to hospital (Malmo} On
admissian he was afebrile and showed slight ahdaminal tenderness most  centoated
over MacBurnevs yoint Cluture gave growth of Y enterocolitica Treated wath oxt
tetracyclime Serclagical examination of bloed samples obtained on admussion
showed no 1 enferacaltfica agglutinins Sent home 4 days later “ot scen since

Case 1> Woman aged 31 In fourth month of pregnapes In Yay 1966 she con
sulted a general practioner because of erythema bodosum She might have had
gastro intesting! svmptoms ome wechs previoush Chest \ rav normal appearance
Otherwise healthy Culture of faeces gave gronth of 1 enterocolili @ Azghubnin
titre agawest 1 enterocolifica 1 160 unchanged titre € wechs later The patsent then
felt well She was later delivered of a healthy child at term

Cage 16 Woman aged %6 Stnce 1963 she had hag spells of diarrh cz Treated
at hospital (harlshamn) on 1ne oceasions ip 1965 and on two n 196€ because of
su pected ulcerathve colibs Treated weth sulozosulphapvndine without effect then
predmisolone continuoushy for 7 mosths Fxacerbation of symploms in Dec 3966

Yure of facces then gave gronth ol
:;Illrc lreB_’O after 1 month 1 160 aftec & further 5 months 1 3¢ Further trealment

ot kaown
A o o evd 55 For 2 vears she had oecavionally had jain 1 the
cmin S Joft stad e fne whish she sousht adsice at the outnatient depart
et of her local hospilal (Oskarshamay in Feb 1966 She ad had o cold some
T retiousis becavse of her bt h ST (62 mm 1 hour) she twas admutied for
e i Physical examination revealed nothung abnormal Ghnaecologieal ex
O o shomed nothing fomarkable \ rav chest and matillary simus nermal
e apglotimin hire against 1 enterocabifica a _incidentally found
ampearances e Cultute of faeces because of the finding gave gronth o
;o ]g):r::-logmm:m Treated for [ weeh with tetracscline Sent heme symptomfree
Agglutinan titee 3 :c::is-v‘;w)rnlﬁio 1867 be was admitted to [ arlskrona hospital
Case 18 Man a6 8 mbtoucal camploment fization negatie 1 ente i
because of gonarthiuls SEBEDCL Sl o e ausc of the Gtre gave grouth of
.gflu“ﬂ;nuz'am(‘)mer uhjeetrne ymptoms pot hn w1 Treated with demethy) hlor
enterocoli
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tetracy line svmpt mirec after i\l\e;:’\s Agglutimn Litre 3 weels after admission
50 2 mouths after admission
3 Bhse 19 Woman aged 5 In Feb 1967 she had mild gastro intestinal sumptoms
\1ih dazrthoea and abdomual pan for 3 duvs The patient had recently been
Yelivered of & healths child The symptoms disappeared spontancoush Cultire of
faeces gave gronth of 1 a titre third dav
Iess than 3 10 4 weehs later 1 160 Then no persistent $3 mptoms

Case 90 Woman aged %3 In Feb 1977 diarthoea with bodv temperature of up
10398 C and parn an rght fliac fossa After § davs the foyer disappeared but 2 days
Tater the hodv temperature agatn rose to about 330 C. Then subfebnie for aliout
9 weeks dueing which she had moderate diarthoca Culture of facees 2 weeks after
puset gave growth of 1 enferocolilica Y enterocolitica agplutinin titre was then
1 5170 Treated with sulphametoupirimudie After about 2 weehs symptomfree
Review 2 m nths after onsel revealed nothmg remarhsble High agglutimz titre
agamst3 enfer colitica (1 5370) permisted 6 weehs after onset  month later 1 1230
7m nths Jater 1 4

Cose 21 A woman aged 72 In Feb 1957 diarrhren fover and cobe for a weeb
She afterwards had pais i the elbons hnees anhles and hand joints nech and
Jower back Fourteen day after onset of the mitial svmptoms erythema nodosum
appeared (n forearms and 1ower extremibes Admilted to hospital (Malwo) On
admrssion the woman was subfebnle the jaints appeared ncrmal The patient was
m the se ond to third month of preguanes Mantcus pasitne 100 TU antrstrepte
T3stn test negative Chest X ray normal appearance Waaler Rose negatne Culture
of throat swab negative Cwlture of {actes gare abundant growth of 1 entera
calitica agglutimn 1itre on admission 1 1280 Treated f r one weeh with oxitetra
¢yehme and one weck later she was svmptomfrec Sent home after about 3 weeks in
hospital Agglutinin bitre 8 weeks after onset 1 370 Parturition uncomplicated 1n
Aug 1968 Review 14 months later rescaled nothing remarkable

Case 30 A man aged 2> Hitherto healthy Two months previously the patients
wife had been adimstted to hospital because of suspected appendicitis 1 enfero
tolilica had then heen isolated from hec appendix In Jan 1967 the man had an
aMtack of diffuse abdomunal pam accompanied b fever with a mav temp of 386 C
and dirchoea LA svmptoms of infection of upper arways Two davs loter ex
foned 2t outpatient depastmeat where samples were chtamed for culture of the
e D amnabion revealed nothiog remarkahle extept meleorism Calture gave
form el 1 eaterncolitica 3 entero olitica agglutinin titre one month after onset

grmptoms 1 1950 9 weels alter onset 1 160 when he Felt well
fecase 23 Man a d16 In Oct 1966 symptoms of upper re piratory tract disease
Taose muls“:;""amtffs up to 385 C and a sore threat. Abdominal discomfort and
e was treat d"’ or thice a day He \ as admatted to hospital (harlskrona) where
Do ghas trcated for 10 davs ith pewseallin_dunags which he bad chills max temo
EonCn w::ll‘ransysmle Antistreptolvsin test metate Waaler Rose negatie
litre of 1 100 Sooner, omset of symptom 19 mm/1 bour Incidentalls an agglutinm
fare.of 1 110 against 1 enteracaltticn was found 2 weeks after the onset siter &
pariter 2 weebs it it 1 610 and after a further  sechs 1 990 Fasces was therefore
w thdran growth of 1 enie seohticn Treatment with pemicithin was

n and the patient was
Gea i a4 the patint was g en demethy Iehlortetracy chine for ope wech 1n

elt well At revien & weckhs aft
glnensz electrocardiographny shawed certain “hl:haweer et
\é\\u“g a myvcarditis EST 4 m r
se 9%

im/1 hour No later data available

Gl aged 15 Ip W I3

e 2y 1966 the gul Was seen by a general prachit

e ‘\htz'n’f:mlor':r::r:;;l:;lh fe‘vtr and diarrhoea Culture of the faeces ;av: Erl:‘:tel';
imin >

5 a}’lomlr(c\\bn e ls\a:l:eb]lg 370 after about 10 days by 1hen patient was

g 0y aged 6 In Sep 1966 t
Meorrocn amy To0 2 D onset of fever with 4 nax temp of 394 C
al

‘Aa:“ admited 1o hosmulpa(‘:‘ 'fhe lhar)rhgez conlmuerlof)r lll davs aﬂ;{ \Zhlg; he

C“ll‘&"gnvfn;!;‘xel‘a.[;geﬂrancc 34 days after admssion the patient was s\mp(cmf:::
o hy s n«l gav;ﬂg onth of 1 e¢nterocofttica agglutimn titre 3 weehs after

! Phlhn'\lsulp;slh\:lql 1 ;:mmh later 1 160 Patient then treated for one week

remackabls e Revsew about 2 monihs after onset revealed nothing
Case

Y
6 Bev aged 3 In Sep 1966 blood staped diarrhoea and fever The follow
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Ing day a nas Med After collect

of facces for culture chlor
quinald 1 and phthah lsulphathiazole werc given Culture gave granth of ¥ entero
colilica Three dass later the patient was s+ No d b, i

2 weeks after onset Titre 4 weeks after onsct 1 10 Heview 3 months after onset
revealcd nothing remarhable

Case 27 A girl aged 2 In Apri) 1966 attack of drarrhoea but no fever Admitted
10 days later ¢ hospstal (harlshrona) After dictary treatment for about one weel
she “‘as sc'nl home No antibacterral therapy Culture of faeces gue grewth of
] a ) 1y E: one week later resealed

t ined ser
nothing remarkable
Case 28\ girl aged 2 In Feb 1967 the girl was cared for at hospital (harls
hronz) for 14 davs hecause of acute branch and litls In March
1967 a new spell of fever with a max temp of 39 G svaoplars of mafection of the
respiratary tract sore throat and some davs Jater diarrhoea but no yomstmng
Re admitted after symploms for about 5 days Tcmperature on admission 395 G,
Treatel with penicdlin for one weeh Chest \ ras  normal appearance Culture of
facces gare growth of ¥ enlerocalttica “o serological analvsis dSymptomfree afier
ab ut one weeh. Re examnation 3 weeks after onset revealed pothing remarhable
Case 29 A hoy aged 2 years In Feb 1967 feser with 2 max temp of 397 C
and vomiting The following day he was afebrile but the dav after the body tem
perature again rose this time to 395 € and he had severe drarrhoea Admitted to
hospttal (harlshrona} where he was given dietars freatment He felt hetter after
a wneeh Culture af the faeccs gave grawth of Y enterocolifica No serologscal analy
15 When scen again 14 davs later he appeared well
Case 30 Bov aged 11 months In Dec 1906 he was admitted to hosprtal (harls
hrona) because of drarrhoea No feser Dietary treatment for ene wech cat Home
rmyroved Culture of faeces gave growth of ¥ enterorolilica o serologieal studies
He was re admitted 5 days later because of cough and a recurrence of diarrhoea
He was still afebrile Treated for 1 weeck with sulph di Re U
one mi nth after initial anset of the symptoms revealed nothing remarkable
Case 3t Bov aged thrce months and a half bottle fed Admitted in Jan 1867
to hospital (Malmo) after 3 davs of waters diarrhaca and vomilng No fever
Dictary treatment for one weck produced no improsement Culture of faeces zave
t gronih of 3 Treated with demethy lchlortetracycline and
then diaerhoea decreased and apart from yomiting & few days afterw ards he steadils
smpreved with increase in bodyweight One month after admuission he v as sent
home ssmptomfree dgglutinmn itre agamst 3 enferocolilica 5 days after admission
1 20 tire after  weehs 1 10 Re examnation 2 months after onset <f the symp
toms revealed nothing remarkable
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ULTRASTRUCTURAL VASCULAR
AND MAST CELL CHANGES IN THE LOCAL
SHWARTZMAN REACTION

By

Gusnar T Gustarson
Recerved 14168

In « previous UMbt mucroscopreal study (Gustafson & Cronberg 1963)
cudotoxt was found {0 have no direct effect on mast cells 1 the perita
neal ety of rats and hamsters or on mast cells i the hamsler chech
pauch As the chieck pouch mucosa mgeeted with the endotoxn non
ethcless was found to be prepared for the local Shwartzman reaction
st was concluded that endotoxin—mast cell interaction did nat medtate
the humorrhaaie necrosis

Howevur it mas be objected that the mast cells may have been al
tered by the preparatory ¢ndeotoxin mjeciion althoush the changs
might be so subtle that they could not be observed with the hght mero
scopictl techmque used Selye (1966) commenting upon the rsulis
obtained by Gustafson & Cronberg speculated that wunder ceriun e
cumstances the degranulation may so raputlhy be folowed by regranu
Iation that the response can easiiv be imssed

Therefore an ulirastructural study was underhhen {o mveshgate
the effect of endotoxn on mnst cells of the hamster chedh pouch nd
also on the immecdiate cffect of endotown on isolated pentonead mast
cells from rals mice and hamsters In 2ddition the alterations ap-
peanng durin,, the development of the Joend Shwartzman reaction were

followcd

MATERIALS A\D METHODS

h
ost experiments were performed m adult male and female Svrian ham tess weigd
h{g 40100 g For the in rifro expisiments pectoneal eclls were collected in plastee
tubes from hamstcrs from Spraque Danley and Vistar rats (00 300 g) and albino
Joace (0-21 ) The ammals wre anesthetize | nith ether and wore bled from the
arotid arteries Then =10 ml of o modified hrebs Ringer solution pl 74 withont
calewn but contaiming 55 m sodumertrate (Chakrat a':n, e al 1907) or in some
odes solutwn comtaming 50 1L mi heparia was anjecte
D ey “The abiarmen %4 taut) uslv massagid L appr mately 90
This Inyestigation was supported by grants frcs the @ fontologieal Faculty 1 ni

versity of Umed
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Fig t
Venule m a 20 hour preparatory lesion in the hamster cheek pouch. The mast cells
{arrews) appear guste normal One u thich CMA section stalned with rutherium
red and fast green X 1400

¢ onds opened and the mxed ealt susy ensian was sucked up and concentrated by
eentrifugation at 48-50 g for 6 wmy

Esch 1t ha eolt and Salmonella abortus egut hipopolysacchanides wese obtamed
fram Pifes Gabosatories (Detrod Wachigan) In addstion endoloxans were prepared
from many strajns of oral fusobacteria as well as from two straws of oral an
acrobic ©ram negative coces as described hy Ttestphal of af {1952} or a3 desenibed
by Tasb r & Carson (Y900 The biological atinstres of fhese prepavations were

found to be similar 1o or slightls weaker than these of the Difeo endotoxins when
aonaed o the eaphet A grudiane Yool
rabbats

Tharay

1 in ttre expertments fresh sernm from rabbit guines pig or man was used 19
* final cuncentration of 5 per cent 25 & complement source

Lo al Shaartzman reactson was produced 1 the hamster cheek pouch by mjectiog
10 23 ug of the bactersal polysacchar fe pregarations dissolved m 1 ml of physio
1 oc salae O0 hrs Jater 25 50 4g of the same ot nther bactersal polsssccharides
disselied yn 05 mY of physiologie saline were fnjected ntracardially or fn some
<ase indraperiionzally

For the tn slro experiments perst neal cells weee cottected and pooled from 2
ats 4 hamsters or 8 myce and resuspended in 3 mwl of a buffer solation of the
ame compasitien a3 the dsolatwn solution except that sodwm citrate was prmtted
sad Trplaced by 5 m\ CaCl and B W glucose and human serum albumin was
ded ta t mg/md (tuat pH 7) The suspension way intubated 3t 37 € and then the

tx t solulinns contain ng 0 1-1000 4 endolovin/ml were added and wcubation was
<« ntioved for § 15 minutes bef re rooling ta 4 € sn ice bath

&
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A hemorrhagic and thrombotic Tespanse produced ¢ haurs after the provecatne
endatoxin imjection The aessel is oceluded by distotegrating paly morphanuclear
teucoeytes and no cell Boundarses can he seen The endothehal cell evtoplasm is

braken down wherpas the nueleus {N) w ondy shighily sifected x 10060

Fig 2
An electr 8 m rogroph from the same specimen as in Feg 1 Around the vessel one
fibsablant {1 and one easmophilic letcorsls (EO) are scen These rella appesr
quste narmat Other cells one polymorph suclesr leutomte {PMNY two mone
oy lears (MO) and  ne mast cell (MA) show small sealtered sndoptasmic vacuoles
X 9000 Alf clectron waicrographs were taken from specimens fixed ju glataral
tehyde ¢ ntayning 0801 M pochloremercuribenzoate G4 se Bons were stasned with
yothemmm red uransl acetate and deat
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homogenizer When opalescence and sviscasity appeared maxtmal the cell debns
was removed by centrilugation at 40 g and the granule fraction finaliv collected by
cenlrifugation 2t 17000 ¢ for 20 minutes For 2ajection into the rabbit skin and the
hamster cheek pouch the granule preparation was resuspended 1n 085 per cent

N\aCl to a volume representing apy 1y a tenfold of the original
peritoneal leucorvte exudate sMbough difficalt to estimate 2 ml of the granule
dered to the granule content from about 10 X 10¢

leucocvtes A volume of 01 ml of the granule preparation was injected into the
hamster cheek pouch and 05 m) of the same preparation was given in the rabbit
skin Six hrs laler the hamsters were Injected with 22 pg endotoxin inteacardially
and the rabhuts with 100 gg endotoxin intras enously

The follnwing proceduse was used for ssolatron of mast ecll and Jeucocyie gran
ules A fairly pure mast cell fraction (containing 90 = 5 per cent mast cells) was
obtained by 1solating mast cells fram the peritoneal cell suspension bv a method
deseribed by Thon & Ui nds (1966) based upon differential centrifugation in 30 and
40 per cent Ficoll a semisynthetic polvsaccharide (Pharmacia AB Uppsala Sweden)
After ultrasonsc treatment to disrupt the mast cells the eell organelles were frac
tionated as described by Tagunoff el al (1963) The granale fraction ohiamed from
1a all 60 rats was counted and suspended 1a 3 ml phosphate buffered saline pH 71
After Ircezing and thawing an amouat of 01 ml of this suspension conlainsng
approumately 10 X 10 granules was injected info the hamster cheeh pouch and
Q5 ml fa the shin of rabbits Six hrs Jater the hamsters were injected with 25 i
endotoxn jntracardiallv and the rabbits with 100 4g endotovin 1ntraenously

The fixation staimng and electron miucroscopre fechnigues were the same as
deseribed previously (Gustefson € Pihi 19672 b ¢ In most serres cell and tissuc
specimens were fived for 3 hrs in 4 per cent methanol free formaldehyde or 25 per
cent glutaraldehvde 1 01 VI cacodvlate buffer pH 74 with 0001 M p-chloro-
mercurtbenzoate (PCMB) (Sigma Co., St.Loms US A )

Other specumens were fixed an a solutson of the same compasition but containing
n addition 0001 M ruthemium red Dehvdration and embedding swere done 1n the
water soluble glicalmethacrvlate (GV[4) obtained from Rohm and Haas Darmstadt
wermany (Rosenberg et al 1970 Ledue et al 1963 [educ & Bernhard 1967)

One 4 thick and ultrathin sechions were staiged with 0001 M ruthenium red 1n
01 M tns maleate buffec pH 74 and 1o some cases also 1 phosphate baffer pli
74 for 15 minutes One y thick sections were also stained with a 05 per cent solu
f1on of tolmdine blue and 1n seme Sertes with a 01 per cent solution of betberin
sult hate and examined 12 a fuorescence microscope Lltrathin sections were cut on
LKB Litramicrotomes and tollected on formyar-coated grds ek

Other specimens were fixed tn a solution ¢ ntaimng the s:mesrnmnﬂﬂclnls “xhe:e
described put contaimigg i addition ]a 0‘01 b"":‘rlh;:’::’:r::e% ,Lf“,'y‘i'liox'i'ﬁa he

hed a tris maleate bu
badeam Epon 812 (Laft 1961 Clirathn secions {rom his matenal were crlesira
o unsupported copper grids and studied -\;: out urwnrsr “T:N h‘:‘.{.m’ m a sunilar
ng with lead citrate and uranyl acetate Cell suspens T
roscops  as described carlier (Gusfafs n
M}v hbr mhctha;:iﬁ;";i"a;"’ ')ts)sn Eﬂ:g vltrathin sections were etamuned in a
;?cr;tns EclmlS]\np Is at orrginal magpifications sarving from 5000 X to 10600 X

RESULTS

r electron microscopy revealed any changes

first hours after 2pplication
ture of mast euis during the

n the s":ll:,m‘(m preparilions After twenty hours 1mmmediatedy be

o ih\;‘ e‘;lu:th: mjection most mast cells were unaffected but sa'rlne

e cd somenhat shrunken in the hi.hi mucroscope (Fig 1) In ”w

o leroscope mast cells a8 well as other fypes af’) u.l,lls mc‘ :-c

eledm:mr:m had acquired many small tacuoles (Fig 2) Howmeve

ennro

Aoher ight microscops no
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A scoule neeluded bn ersthrocytes and thrombocytes § hours after the provotative

cudotaxin smpecthon One erylbracste (FR) 15 situated wtramurally and has forced
the endothelial celf nuslens anide X $100

most mast ¢ell granules appenred quite normal and there was no nds
citson that 2 mast cell degranulation had taken plact or was going on
The mast «iils did not fook more damaged than dd othier eolly
Tmmcdiately after the mtrascnous chedm, dose of endotoxin the
erinles wore found o be pscked with newtrophilic feucocvies {Fig 3)
e ool boundanes of which were obionsts brohen up The leucocyte
sy mules scemed to be released darectly nto the surroundhn, connectite
Ussiaes 1 the vessel walls were generaily disintegrating In other parts
of the damagid area the vessels were engoryed with thrambocytes and
wntheestes (Fi, 4) ‘The vessel walls contamed wmiramurat erythro
wwhes and thrombociies obvionsty suuated between endothelial cells
wd periesies In the extravascular space disintegrating collagen fibres
nd 1 aevole Diled fustioentes conld be seen That not onby the cvio
plasmic strpelurcs were damaged is showe w Tig & u which the nu
thns of 1 mononuclewr cell s disinte rating, The mast cells (Fig 6)
renerally wppeared to e less damaged than most other types of cells
but more altcred than the cosmoplulie lencocytes The yacuchzation of
mest cebls was shght comparcd to that of fushieeytes in the neighbour
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Fig o

A lear cell from a ki h reaction 8 hours after the provocatine enlo

toxin mjection The figure shows that mononuclear cells are also subject to aunto
Ivtic changes X 16000

hood o signs of de.rmulition typrcal of stanune release (Bloom &
Hacegermarl, 1960 Chakravarty ¢t al 1967) were observed among the
mast cells wathin the necrotie aren studied

W hen soited peritoneal mast cells were cxposed lo different eon
centrahions of manv cndotoxin preparations (0 1-1000 ug/mi) thesc
cells did not appear different from those txposed to the buffer solu
f1ons Additron of serum from gume t prg ribbit or man did nol channe
the result Corresponding resuits were obtuned with perntoncal eolls
from rats and mce

When disrupied grapules of polsmorphonuclear lettcocytes were in
jected mlo rabint skin and mio hamster cheek poueh mircos) 2 hemor

rhagic reaction was obtuned m most ¢ises t8 oul of 12 hamsiers md
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§ out of 10 rablsts) When the same precedare B s performicd with
mast celt granyies 1 10 hamsters no such renchions Wire seun

in 6 rabluts which had been prepared with Jeveacy b granufes on
one side of the shdemen and wilh mast cell prwmules an the other 4
rabbnis presented posibive Feaciions on the leucosn{e sule but werc
negatine on the mast eell side after the elicilin,, endoloan mjeciion

DISCLSSION

1n Yhe precedm., hohl weroscoprent study af the effeets of endotoun
on mast cells 1t was conctuded that endotoxm ditd not scem to have any
direet mmmediate effects (Gusiafson & Cronberg 1863} The same con
cluson scoms to bu gustified b the results obiatned in the electron
mieroscoptenl studs presented here There was no indieation that mast
colis had reacted sn an amaphndaws bhe wiy with depranuistion wd
rele 1se of granules io the snrrounding tissties This findin., was further
substantiated by the resulls obtamed w the stuties of the cifect of
endetorin on perfonedt mast eells in vitro srrespectine of whether
serum from rablnt puines pi., or man was added as a complement
source or not Thus the vascactng amwne rddease reported to fotlon
endolovin smgection {ruviewed by Hinshaw 1964) does pot scem {0
orgmale from anaphylachic nstamine or serolomn relcase from mast
cells These results are ssmular to but not dentienl wath those oblamed
v Totchiman ef ol (1968} These authors reported the preparatine
endoton ingechion to hate no effect an mast cells after 20-24 hours
Howerer that finding was not slinstrated by electron nycrographs In
the prisent study the mast cells s well 2 other cells obsiousit had
heen altered although there was no degranulation and the alterations
were too subthe to be clear]y observed n the Ii,ht mucrasecope
The dramatre effect of the ehating mirwenotts endatoan miection
did not seem Lo affect the mast cells to any marked degree The central
rote played by leucacyles of myelme oran bas been repeatidiv demon
strated {Becler 1948 Stefson & Good 19.1) althouoh the exnet role
warved by these leucocyles 1s obscure One possinlty ss that the gran
ule {hvsosomal) enzymes are released and drstupt the vessel walls
tThomas 1964 Halpern 1964 Burke ef al 1964) Cattomic protems and
other constiluents of the poly merphonuctear grasule have aleo been
shown to have permesbility nereasing effiets on vessels {Jenoff &
Jweifach 1964 Zeyn & Splnogel 1986% The wolated feucocs te hasic
Malerial causes « delaved merease 1 vasentar permealnbiy and hemeor
thaae Arthus Yie teachons (Golub & Spit-nagel 1964 Golub & Spit.
fget 1966) and was found fo contan an asent capable of ruptunng
md depranulating, mast cells (Janoff o2 al 1962) The mastolytie
ot fabictied with Huorescein and wmgeeted subentaneousty wmio mce
:I‘l:h‘ho“n te be hound 1o mast celf granules hberated as 1 conseqUEnse
e mas cetl rupluting bswe wmatenal (Ciar! & Iggtabothan: 1966)
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s also been questioned 5§ mast cell disruption my,ht be able to
:“\0‘1“2 d:r::llg, mcs‘xale smmune sascuhtis (Humphrey 1966) as rabnts
depleted of polymorphonuclear leucocy tes have been shown lo have a
residual capacily to produce this 1ype of ummune wurt {Cechrane &
ard 1968)

In the present ubrastruciural study there was no wdieation that
raptunng of mast cells may fepresent 3 common oulcome m the final
necretic processes produced by endotovins H should be emphasized
howswer that mast cells m the peerolic arer were tather few In adds
hon some mast cells were so disintegrated that they couid ic recog
nized 38 mast cetls with cestamby 1 the eleciron microscope only
thanhs o the speafic stmmng of the granule ghycosumiraglycans with
ruthenam ted {Guslafson & Pl 18672 ¢}

The finding that 1solated mast cell granules m contrast to those of
the leucocsles did not produce any signs of hemorshagie neerosss in
hamsters and rabbls injected with endolaxin suggests that mast eet
degranmiation does not medwde the Joral Shaarizman reachion Bow
exer the amount of mast cell granules nu bl hine been to small and
the loss of enzyme and other granule consluents great Therefore the
negaine results obtauned wath mast cell granules might be caused by
experimentn! faults 1nd the possiblity eannot be completely etcluded
that granules released i vivo Tught prepare for hemorrhagie sascabitis

1t has been speculated that the veachnaly agmunst bactennt endo
toxins mught depend upon the i of ontural Dod to
Gram pegatine breterntn (Landy & Werdan, 19681) These wbhodies
have generally been considered to be yM antibodees (I andy & W erdan~
1964 Muchael & Rosen 1961) bul /A and 4G nlrbodies to Gram nepa
e bacteria hase afso been found {Cohen & Norns 1966 Altemerer of
al 1966} Wecently Gupla & Reed {1967) using 2 modifted method de
veloped by Farr {1358) to measure the amount of endofoxin antibody
completes formed 1n half saturated ammonrum sulfate alse found not
onh 195 bt nise 78 antbodies a,mnst Saimonella enleritidis endo
toxin ta normiol hwman and rabimt sera "That anitbodies reluted to G
wlobulins miay e, been wussed and underestrmated yo relatron to yM

wtshodies m earber studies may be due to the fact that yM anthodees
e mam fimes more effeeline in producing bactenial agglutination and
more potent s sensibizers of bactena m complement dependent eyto

sis than are yG Jobulin antbodies {Robbane e al 19543 The results
oblained i the present v esbiation do not swdweate thay anbibothes

Fag &
Local Shoaartyman reactlon § hours after #he:
atation Vacuohred and
:\':::\:l\:ﬂh;‘! hce‘“s (MDY and ose polymorphenncleat lenessyte 31’\(::;“:5:‘::““
@ slightly allecded mast cell (MA) gut:)ex\n\an&d erythronyte (FR) 33 seen
X 10
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HEMORRHAGIC REACTIONS IN
THE HAMSTER PRODUCED BY INTERACTION
OF PROTEIN A FROM STAPHYIOCOCCUS AUREUS
HUMAN y GLOBULIN AND ENDOTONIN

By
Gunar T GusTAFSON
Recerved 1411168

In a previous communication (Gusinfson el al 1987) 1t was shown
that hemorrhagic Arlhus hhe reachions were produced wn rabbits by
the interaction of human yG Jlobulin and a cell wall protemn (protein
A) from Staphylococcus aurens The skun lesions were produced erthier
by miradermal myection of preformed protein A—y giobulin com
plexes or by intridermal mjection of proten A ito rabbits that had
prestously recerved human y globuln intravenously The skin rexwctions
were considered not to be caused by an anhgen antibody reachon but
rather to a pseudoimmune reaction belween protein A and human
¥ slobulin
In the course of Lrym., to repeat the expcriments m other spectes 1k

s found that the resulis could not be rcproduced in hamsters If
human y globulin and protein A were civen to hamsters in cquuvalent
or fngher doscs than those gnven fo rabbils a shght erythema developed
hu: no hemorrhagic reactions epsued

n a preceding report (Gustafson 1968} the possib
swlered that the preparative effect of cndol)o“n f:)r l;’e ll;?al vé:\ :::t:
;:\J;\ reaction was due lo an inleraction between precypibating anh

o lfs lo Grram negative bactena and the endotoin preparations 4s 1t

1s also wellknown that intracutaneous mjection of the homologous
:x:::gm w sensilized anmimals prepares for the local Shwartzman re
pro?lzczsk\b‘:“}::‘m‘:n Thz;z;]mhlgﬂ)i‘ lhc‘slxahl mflammatory process

stch mght possabl v globulin and protewn & i the hamster cheek
f"“’" nght possibly b converted mnto a hemtorrhagic vasculitis by an

“wenous endatoxn wyection The present study reports the results

This sm estigation was su
pported by grants fram the Odont,
S Lk e S R Concr S (P <o SR ) o
edr al Research Coun il (Project Mo h67-13\-670-031) - )
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of such expcriments The development of the reactions was followed
by means of vital and consentionl hght microscopy s well as by
¢lectron microscopy

In order {o try to eluadule the role played by y globulin in the
hemorrhagic reaction the interiwchion between ag,resated ; globulin
ind endotoxin wAs also studied

MATFRIALS AND MITHODS

Most experiments were performed in male and female Syrian hamsters weighing
80-100g For in 1dro experiments cells were also 1solated from Spragu¢ Dawley
tats (200-300 g) and albine mice (20-95¢) mamnly as previously described (Chakra
pvarty et al 1967) For some local Shwartzman reaction etperiments rabbits (1 4~
16 bg) were used Each expersment was performed in serics consisting of 6 24
amimals and at least 6 controls

The staphs lococeal proten (protein A) Was prepared as described by Forsgren &
Spoquest (1966)

The direct effect of protein % was studied after injection of the protemn in
amanats from 01 g to 04 mg 1 01 ml of physiologre saline in the hamster check
pouch mucosa with or without preceding biteing of the apimal with 1 mg Evans
blue/100 ¢ bads weisht given intracardially The effect of the Jocal apphcation of
different concuntrations of protern A onto the surface of a microwound n the
hamster cheek pouch was also studied and registered in a 3ital microscope (Lindhe
& Brdnemar! 1967) with or without a preceding njection of 15-25 mg of human
¥C globulin obtained from Kabi AB Stockhalm Sweden

In one series of expersment 00> mg 01 mg 02 mg or 04 mg of proten A in
01 ml buffered saline was ihyected fnto the cheel pouch mucosa of 36 hamsters of
which 18 had recenned human y globulin intravenously or intracardialls 5 minutes
carher

After 20-24 hours 12 of the amimals p1ven y globulin and 12 not grven ¥ globuhin
were 1w addition injected sntravenously or intraperitoncalls with %2-50 ug endo
toxin from E coli S abortas equi or Fusobactertum species The in vitro experi
mental procedures were the same as previoushs deseribed (Custafsn 1968)

The peritoneal cell suspensions were exposed to different concentrations of pro
tein A (001 01 g 1p2 1048 100 zg and 1000 yg/m}) with or withoul addition
of serum fram rabbst gunea pig or man mmnly as described earlier (Guslafson
1968)

In some cxperiments it was tried to passively sensitize mast cells with heterolog
pus serum and buman y ghtulin The cells 15)lated after intraperitoneal injection
of a heparin Trrode solution were centrifuged and resuspended 1n sotontc saline
ontaiping serum o y globulin and incubated for 1-15 hrs at 4 € 18 Cor 38 €

as described by Carcia Arocha (1966)

Fug 1
cd by protein A lo hamstets not injected with human y globulin
:‘;arczl:‘;"\sessr:{:“r{rom omster check pouch are vers little altered The pericascular
I lle are almost normal n pumbte and appearance One  thick CYA section stancd
“Cith Tuthenimm red and fast green X 1000 by This electren micrcgraph shews o
st eoll from the same area as 1 Fig 12 There 13 no degranulstion ¢) A dutail
o the ntast cell shown 1 Fig 1b The pengranular as well a5 the celfular mem
. momal 39 & mast eell sud a mononuclear cell after an_eliciting intra
D e iotoxin 1njection The mononuclear cell has many estoplasmic § acuales
The spec i this and follawiny figures were fived in glutaraldehyde eontain
The o hloromercuribenzoste embedded 10 CVIA and ultrathin sections
ing 0001 3 p et ruthenfum red uraml acelate and lea!
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Fig 2
The wflammatacy response to protesn § 20 hours earlier sojected in the cheek pouch
of a hamster ginen human y globulin The electron mucrograph shows that an ex
udate has developed n the sessel wall The extracellular structure appears to be
somewhat disorgatized The mast cell (MA) cvloplasm seems to be hroken uy aad
the central part of the granules as well as nucleus 1s disintegrated

Aggregated himan ¥ globulin (habi) was obtained by coupling with bis diszotized
beneidine (Ishi aka ef of 1961) In a first ertes of expertment different amounts
of aggregated y globulin 1n 03 ml buffercd saline were injected 10to the shaved
fianks of rabbils After 3—% hrs the inflsmmators reachion geoeralls aj)esred
maumal An amount of 12 mg adgregated y globulin was found to produce bessdes
edema and erthema vonfluent petechize m most apimals In a second series 18
out of 24 rabbts that had been intracutaneoush injected with 19 mg of aggregsted
v globulin recenned 1n addition after different intersals (> hies 17 hre 18 hes and
23 he ) an intravenous injection of 200 pu of Eschertchia coli or Salmanellr abortus
equi endotoxan (Dafeo Jabosrators Detrut Vichi ap)

The frxatton staming and electronmicroscipical techmaques were the same as
presiousls desembed (Custafson € Pehl 1967 2 b o)

RISLITS

In hamsters not previousls njecicd wath humawn y tlabulin the wpl
eation of pratein A solntions to the microwound of the cliuek pouch s
o concentrilion of 1 pg-000 ug hid no effcct on the 1esseds nr‘ nnckm
curculation Nor did amjeetion of 01 100 ., of pretun A nto the shan



Fig 3
Hemorrhagic reactions produced by 02 mg protein A in the exposed cheeh pouches
of a hamstee previously gnen 20 mg y globulin and an addition 25 ug Escherichra
colt endotoxin mntracardially 20 hours later

and cheel pouch resuit 1n any signs of merensed capillary permeability
1n 12 blued hamsters \either i thick fior in uitrathin sections studicd
could any defimte changes be observed m endothellum mast cells or
other celis 1 the inyected aren after 20 hours (Figs 11 b ¢}

in 12 hamsters injection of endoloxin inlracardally 20 hours after
he protemn A injection d1d not produce any gross reachions at ithe pro
pared ste 1 leciron microscopv however revealed that the endotoxin
njection had induced vacuohzation of mans mononuclear cells hut
mast celis 1ppered comparably less damaged (Fig 1d)

The effect of protun A was also studied m the vit1l microscope 1 24
hamsters wmiected 5-10 nunutes earlier with 20 mg human y globulin
The loeal apphieation of 0 1 ml of A solubion contaimng 10 p, protem A
lo the cheek pouch wound caused the corpuscular flow to slow down
after 8-10 minutes wnd during the following 20-30 munutes arterolar
ronstriction and senule dilalation was alternatinely ntensified and
reduced Momenlanilsy the white cell flow predominated and for a fow
seconds the How of Dlood ceased completely Tis seemed to be a conse
quence of the mereased volume of the endathelial walls and perhaps
was afso due {o the reduced plastieity of the blood cells

After 2-3 hours the microairenlation appcared quite normal In the
hght mieroscope the vessels and mnst cells loohed normnl 1w number
L]
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From a hemorrhagic reaction produced in the same was as described in Fig 3 The
vessel 1s occluded by almost totalls disintegrated polymorphonuclear Jeucocstes
The vessel walls can no longer be recogmzed

and ppearince After 20 hours however the mast cells generalls were
shightls shrunken and the ¢ndothehal cells somewhat swollen

In the electron mucroseope more marked changes were observed at
thus tume (F1g 25 Between the endothelial eells and pericvles a space
had developed i most vessels that was filled wilh an umdenlifnd
maferial The endotlielinl cells pericvies and histioervles cont uned
many small xacnoles The mast cells afso showed extoplasmuce v cuoles
thar granmles often loohed more or less emphed and their o)l mem
branes were usualls completely destroved Despite the sinhing uitra
structuril chanaes after the preparative myection with protan 4 the
gross reactions wert only stight and restrieled to fun! redness and

edemn of the prepared wren of the chech pouch

Fug 5
de erihed 1n Fig 3
From a hemorshape reaction produced i the ame wav as d
2) A venule 15 occludud by ersthrocyles n;:d thy r:sb cnlr“ ‘1"\\7 h: ;v!:v(i”n“;,(im
n the extrasa cular space b) The ve sel we
sre seen I;n‘ opcning s Oiled with disategrating thromi acstes an} Gibrin






Other wumls freated i the swme way 1e 20 hours caclier guen
human y globulin antrwvenously (20 m,) and proten A (02 m, or
more) n the cheek pouch was injected parenterally with endotoxin
(20-50 pg) ¥ 1thin 4-7 hours after the inyection an mtense submucosal
hemaorrhage developed (Fig 3) In the hght and eleciron microscope
the vessels werc found to be engorged with disinlegratin., poly morpho
nuelenr celis (Fig 4) erythrocytes and thrombocsles {F1, ba) The
Iatter were hughly vacuohzed and these cells and fibrin oflen plug.ed
sphis i the vessel walls (Fig 5b) The fun mast cells which could now
he observed were found to present the same tvpe of mjury as after the
preparabive injectron but efien they were so damaged that the nucleus
as well s the cylopiasm was compleicdy dismie,rated

In 18 rabbits mjecled wath agdre ated human y globulin the mnira
senous 1njection of 200 py, endotonn after 2 12 18 or 24 hours L1e no
ncrease 1 the area of the hemorrhagic reaction when compared with
the rc wclions abtuned in 6 rabbits not wyected with endotoxm Ifow
ever ribbils which had recened endotoxin after 18 hours scemed lo
present reaciions of someshat ligher intensity than the conlrol rabnts

As protein A had marhedly affected the mast cells of himsiers in the
i vwo reactions the offect of protem A on peritoneal cells was studred
in vitro Mnast cedls from hamstirs rats and mice however were not
found to be altered after exposure to prolein A m cotreentrilions from
0 011000 gg/mi The addition of serum from rabbit guinea pr, or man
did not change the result As profein A has been found to precymtate
human and gwnea prg y globutms i aqir ged m very low concentra
tions an tempt was Uso made to passmely sensitize mast cells of
hamster rat and mouse with luumnan and guinea mg v globulins These
expiriments all gave negative results Mast cells incubated with human
or gamel mg y globulin and then exposed o protemr A solutions ap
peared noi different from the controls either 1n the light or in the
clectron mmceroscope

DISCLSSION

In rabbils mjected with human y globnhin proten A wns found o
praduce an Arthus hhe hemorrhagic neerosis when njected 1mto the
shan (Cusfofson et al 1967) Although as shown 1 the present com
muniestion protem A myeefed mlo the cheeh pouch of hamsters presvi
pushy mn)ected with human y giobulin produced an inflammators pro
cess s reaction did not termunate 1h hemorrhasic necrosis The
different results obtamned in these two species 15 unhknown
nsitivils reachons can be consverted nte
dotottn njection (Stelson 190) 1t may be
ty of protem A to prepare the cheeh
d by endotovin myection might
rotein A

cause of the

As od detaved hyperse

hemosshagic processes by en

questioned whether the capaci e
necrosis elic!

POUCI;) r:r gs’enlo;g‘eﬁ;ccd h\pprsensxlml) of the hamster to pi

l;l;:)\:e\fzrn this does not seem probable as no dyrect gross reactions
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were produced i shin or mucosa wd as no neerolic reactions devel
oped after inirasenous endotoin injechion n mmals not pres 1oush
giien human y globubn
The effect of protein & on mast cells in vwe was most probahly a
secondary effert of the protun A y globulin complex as protemn A
could not be shown to produce anv allerations mn the pcrtoneat mast
cells 10 vitro wnd as preformed anbgen antibody complexes have no
Justamune releasin., or degrinulatim, cffect on mast eells (Vola 1969
Reller 1968) Another possibthty 1s that the proten A preparations
were vontaminated with e hemolvsin which has been claimed to v cno
tze rabbit mast cells (Orfanos 1966) However the protein A prepa
rations were not found to contan « hemolvsin when nssayed for ths
substanee (Guslafson et al 1968) « hemolysin would also be expecied
to serionsly affeet mast cells from hamster rat and mouse w vitro
Two possihilities seer to exast for bactemal or other antigens to pro
duce necrotizing processes The first is that the level of natural or
nquired anbibodies may be hugh enou,h to give nise o hemorrhagie
Attlhus lihe reactions directly on contact wilh the antigen m the vessel
wall Or if the esreulating antihodies are too few to preduce hemerrhn
gic necrosis when meeting the antigen in the vessels 1 Gram negatne
bacterial infechion may by means of endotoxins Telensed so mnfluence
the wflammalory process that hemorrhagie necrosis develops
The result that human y globulin aggregated n the vessel wall by
means of protemn A without the ixvoliement of the anligen combining
sile (Spoquust et al 1967) prepared the hamster mueosa for the locl
Shwartzman reaction indicates that , globulm complexes per se may
be responsible not only for the hemorrhagic vasculiis in Arthus ree
(tons (Isle aka 1963) but also for the preparative effect of the homo
fogous antigen 1 previously immunized aumals i the local Shwarlz
man reachion (Thomas 1959) According to this concept preformed
2bigen mthody complexes or human y globulin aggreqated Iy s
dazotized henzadine miht be expecied o prepare for the local Shwartz
man reaction However the inflammalory proeesses produced by such
complexes were not found to be markedly mtensified by an intravenous
endotovin wnjection One explanalion may be that ihe mjecled com
Dlexes were not localized to the vessel walls lo the same cxtent as the
complexes formed 12 two Thus the vessels were not as suseeptible to
the thrombosis induced by the elieiting endotoxin njection
By what mechamsm does the ehehing endotouin mjection mtensify
the inflammatory process started 20 hours carlier by the prolem Ay
iﬁﬁ\:ilr; tferachion? Vichael (1966) has recently shown that anl
guinist bactinal antigens are released from the reticuloendo
thelal system (R E'8 ) after endotovin injechon Tn the local Shwarlz
man reaction released antibodies aganst O antigen of Gram negatne
‘:flcl(‘l’l.} .‘mcr the ehiating endotoxin mjection mught ract with endo
oxin % af the

P site and therehy comery the
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quict inflammators process mnto a hemorrhagie vasculilis If human
7 globulin molecules injected o hamsters are stmilarly coneentrated
to RT S and released by endotoxin injeetion 1s unknown It mas be
speculated that »f human y globuhin molecules are released fter pren
tal endotoxin 1njection 2nd react with protemn A molecules persisting
at the prepared site these might lead to steration of the wnitial cvents
produced al the preparation Actually 1 the vital microscope intra
venous endotoxin mjeciion was found fo give rise fo evactly the same
vascular reachions 1n the prepared area as those which followed the
protemn A application into the microwounds m hamsters njected with
human y globulin (unpublished observations) However other biolom
cal effects of endotoxin such as bloching of R 'S nterferance with
polymorphonuclear leucocyte function and potentiation of the effect
of eatecholtmines (Thomas 1929) may also be determmant mechanisms
wmn the development of the reaclions secn in the vital nucroscope as well
as to the fmal hemorrhagic vasculitis

An accelerated inflammatory response shall not always be regarded
as an ncreased defense mechanism aganst mmvading bacteria This
fact has been allustrated by experiments described by Johnson et al
(1961) These authors showed that repeated infection with staphylo
cocer led to hyvpersensitivity which allowed the establishment of in
fechon by much Jower numbers of the ymeroorgamsms than was re
quired 1n non sensibized anmmals Thus as hypersensitinaly states lead
to increased infectnaty for the same as well as other unrelated infectne
agents and to intensified inflammation and necrosis 2 ‘icious cirele
1s estabhshed which may be of importance 1 the desvelopment of
mfechious diserse

Synergistic mechanisms seems to be especraily important in Gram
nepative oral infechions such 1s Vineent s and human bite infeetions
This seems 1alid also for staphilococcal infections In  proa.ressive
svpergistic baclenal gansrene of the abdomnal wall after surgical
{reatment and in impetigo Staphylococcus aureus has been considered
to pln a predommant role 1 the mixed infection {Arndt 1960) The
enhancement of Gram neontive mnfechion by Staphglococcus aureus
has also been demonstrated mn experimental studies (drndt & Riits
1961) Besides the destructnve hvpersensitiiis phenontena produced
by endotoxin and Stapliyfococcus aitrens 1s a resuft of  pseude 1
mune reactions with protemn A or truc immune reactions mmolvng
techotc acds (Martin el al 1967) there are of course mans other
mechamsms which may contribute to the svnorgism between Gram
alive bactena and Staphglococeus atireus such as local consunip-
mplement factors temporary blochin,, of the
by endotoxin (Thomas 1947) and increased
tine amines caused by endotoxins {(Ihin

ney
tion of antibody nd of co
reticuloendothehal svstem
\ascular reacknaly to vasoac

shaw 1964)
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SUMMARY

The effect of a cell wall protein (protem A) of Staphylococcus aureus
njected mnlo the cheeh pouch of the hamsier was studted by vital and
contentional hight mcroscopy and by electron microscopy Protemn A
by stself had no cffect In ammals previously siven hllm:llll v globuhn
parenterally protemn A elrated an nf! fory reachion zed
hy sludged blood eirculation and temporary thrombosis which started
waithm 10 mnutes and subsided after 2-3 hours Fxaminations 20-24
hours alter the prepartive myection revealed but subcellular changes
especially vacuolzation of mononuclear cells Parenteral injection of
endotoxin at this time ¢heited a necrotizin, hemorrhagie sasculibis All
three steps Wwere necessary to obtain the necrotizing hemorrhagie vaseu
Iihis the parenteral mjection of human y globulin the loeal injechion
of proten A and the parenteral endotoxin mpection

Synergwtic mfections with Staphylococcus aureus and Gram pega
tive bacteria 1n man are discussed in view of these findings
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1IN VIVO TFIECTS OF
ANTI ANGIOTENSIN 11 O\ THE RENIN 83 STI'M

Share of the Reunsystem in
the Normal Blood Pressure Level and the Wechamsm of the Chanjed
Response (o Remin tn \ephrectomised Rats

B» Jens Bing and Anud Poulsen

The shate of the remnsystem in the normal blood pressure is unhnown and hitile
15 kpown about the mechanism of the somewhat increased and markedly prolonged
pressor response to reme which s found in nephrectormised amimals (for littera
ture sce Page € Mc Cubbin 1968) Schuechtelin et al (1964) found that this change
is not with a prol d of rentn 1n the blood and assumed
that an accumulation of renmn 1n the arterjoles 1s responsible for the prolonged

effect. The present study aims at clucidating these two problems by studving ihe
effects of anti angiotensin 11

Material and Methods

Normal female rats (ahout 200 g) or rats nephrectomised 21-24 hours hefore use
were anzesthetized with amvlal and injected with angiotensin Il-—amud (Hiper
tensin Ciba) and with hog renin using the standard preparats n of Dr Haas (WHO

1ab for Biol Stand) The antl antiotensin II was an immune plasma from rabhits
1 ml of which

© 510 4x 1 the constant being
1 108 /M (Poulsen 10 press) Lvsime 8 vasopressine Sand(z was given in doses
of 1-3 m Umts an in doses of 20-80 ng

Results

Injection of 50 to 100 41 of the ant angiotensin IT resulied 1o a most often trans
1ent lowering of the blood pressure (10-30 mm) in 9 of 13 normal rats but did not
fluence the bloed pressure of 9 nephrectomised rats Such doses resulted in a
subtolal or most often total unresponsiveness to 1 to 30 ng angiotensin and
14X 10 GU ren n1n 13 normol rats (Fig 1A) while dases of 10 to 20 ul were found
to result in distinct reduction of the response but not total unresponsiveness In con
trast to this doses of 100 4l given to 13 nephrectonused rats made them only unre
sponsive to angiotensin while they still responded to remin The response had the
ame prolonged form but a maximal increase of only about 50 per cent of that
found 10 non pretreated nephrectomised rats (Fig 1B) When anti angiotensin
was Infected fnto 7 nephrectomised rats after they had been given renin there was
in most eases a decrea ¢ 10 & somewhat lower level of blaod pressure which was
sull clevated over normal Turther the response to 41 injected anglotensim was lost
while the apimals were still able to react to a second dose of renin (Tig 1C) The
Aypiea) prolonged pressor cutve of nephrectomised animals was lmitated by con
tinuous tnyection of angrotenstn into 1 normal and 5 vephrectomised rats 10 which
ubsequent injection of 100 41 antl angiotensin resulted in a bloo 1 pressure fall to
the le ¢} found before the start of the ngection (Fig 1D)
gonlrols 4 normal and 9 nephrectomised rats recenved 100 p! plasma from noemal
rabbits which 1 nearly all cases was found without effect on ether 11o0d pressure
OF pressor yesponse Lo subsequently 1njected angiotensin and renin The antl angio
tensin faduced inhibition of the response to angotensin and remin was speaific 1n
o far as the anfmals still o doses of and
noradrenalin

Recer €d 29 11 63 from the
Alle Copenhagen %100  Instilue for Fap

Supported by grants from “hong Christian X s Fond”

Medicine 71 \orre

and Hjerteforenmgen™
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Fig 1
Ia a normal rat the respouse to 4 ng angiotensin (4) and 14 X 102 Goldblatt
Units (G U) renin (R) 1s abolished by 01 ml antt sngiotensin 11 (Artr 3)
while the anunal st respands to 25 mU svasopressine (8) \acl = physiolo
Kieal saline
In a nephrectomised rat the response lo 12 and 2 4 ng angiotensin {a aad A} is
abolished by 01 ml anti angiotensin (4t 4) The rewmin response 1s 1 pically
yrolonged, bet the mavimum hewht Yovwer than sn an patreated pephrectomsed
rat (dotted curve) v ith about the same mitial sensitinats to angiotensin
In a nephrectamised rat pretreated with 14 X 10 GU runin (R) anti angioten
sin changed the increased level to a lower bng stll mcreased {latcan and masde
the rat uoresponsine lo a dose of 8 ng angiotensin (4) but still re ponsne tr
14X 18 GU remin
The jnercased blood pressure level mn a nephrectomised rat contmuou I injecled
with angotensia § ng/rmn 15 umafioenced by 1npectron of normat rabbit § tasma
(N) but lowered to the ynitial lesel by anti angirtensin (Anti A The anmmal
15 still able to react te remsin (Ry Cc sabn of the angrotensin tyection foe not
wnfluence the ne s ncreased Jevel

o

L3

o

=~}

escussion and Summary

1 4ntt angolensts wntectian resulted in a transient decreasc n bl d g ressure
1n nmormal but not i nephrectemise I vats yndicating that the remin vstem flavs
a role 1 the level m notmal antmals 11 Anli angrolensin Made normal rals un
vespon ne 11 both angtotensin and remn while nephrectami e} rats were made
unresponsive 1o angiotensin but sl v pratfed £ cemint With the fypical pr { nped
response The maxtmum hespht of this re ponse was lower honever than m un
treated nephrectomised rats Simlardy a loser but stil elevated leved of tlood
qressuve was most often foun! in nephrectom: «d rats when anbiangr ko ;,n "
was mgeeted alfer the reaim 1otectica The ¢ resulls support nh; 1l ll-ahﬂrai m oy rl;r
tomised rats some of the myected reain 1 accumulated tand m 'r" “”‘lnlx c;

ted as normatit} snt the arteroles a gart af the angicten i form 1' :ed'm "

'J:‘Twn, protected aganst sty angiotenstn while anather part is neutralis

b Renal N pertensim  Chicago 1961
el L e ‘3 Pbts Y06 1361-1364 1964

e B Begols & F Grass Am
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CHANCES IN THE ELTCTPOPHORETIC MOBHITY OF BPS ASCITES
TUMQUR CELLS AFTER TRFATMENT WITH 13 SOLECITHIN

By N Vehrtshil D B Cater & F Hartpei?

Lyseleesthin 15 & surface actwe T aemolyte agent (Robuason 1961 Klibansiy & de
Vrree 1963) Munder Ferber & Fiacher 196 described the effects of Ivsolecsthin on
cdl b, enzvmes #nd € Caler 1967 reported that lysoleerthun
reduced the oxvgen upiahe of tumour calls and lew acvtes while charactersstic
damage to the tumour cell surface ©as seen in ele troumcropraphs (Wil inson &
Cater 1967) There 15 also 4 Jogs of K 10m3 from mouse Iymphocy tes and BP8 aseites
tumonr cells (Butterorth t Mehrtshi 1318 %o therefore decided to measure the
changes of ele trophoretie mobilitv of B3 cells after treatment witht Iysolecathin
using the apparatus and techwique deseribed by Seaman 1365

Vethod

The tumauy cells were Washed 3 times 1n heparmised Hanks solution and resus
pended 1m s meduw Lysoleatthun (ex egg lecithin) eryst (hock Laght Ud Cola
brook England) sfter grindmg m Hanks solution was added to the cell suspension
and the electrophoretic mokalities at 25 G were determined within § to 7 minutes
of 4ts addition winle the cells still tooked wntact under phase contrast microscopy
All cell swere used within 3 hours of hamesting from tFe mouse

TABLE 1
Quantitative Data of the Effe {s of Lysolectthin on BP8 Tumour Cells

Lyvsolecathun dose pg/108 cells

Tspe of effect Effect

Reference
ab erved 50 ¢ effect
Tsubrtion of Bulterw
orth
axyEen uptake >lue 542 Cater 1967
Chsnges m el rescat .
Cham n extensne
memmesen VO R e
grohe i e e
% Jos from
s 11 Butterwarth
cells 5 b ug NMehmsh 1968
Electrophoretic
Tobilite reduced a6y 114z This pager

Defined as half the maximum effect ohserved
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FopEporied by nee Campatgn 2 Gibb Fellow of the British
Cancer vaeneps Campatgn 3 V1sting Guest Worker Research Fellow oraegian

Professor J S Mitchell § thanked f r support



E
200
b
»
K3
2 2
=
Z 160 3
$
& £l
v
s \N
2
_g -120,
7, ) N
R s R R I B a1
Lysolectthin (g per 10° cells }
Number of
cells 148 N73 20 88 74 46
ebserves

Fig 1

Results

The Figure shows the vaniztion of the mean electrophoretic mobility (u/sec/V/
em) = SEM with ancreasing doses of Iysolecithin (zg/108 cells) up to 6 ag

A decrease of 18 per cent was observed i the electrophoretic mobihity of the
Iysolecithin treated temour cells

Discussion

The quantitative data summartsed 1o the Table sugnesty that clectrophoretic
mobihty provides a sensitive index of change in cell surface This change could be
of two hpes 1) Alteration of chemical groups on the cell surlace Mehrishe (1967)
studied the alteration of the electrophoretse mobility of saline washed BPS cells
with changes of pH and postulated the presence on the cell surface of both i0nis
able acid and basic groups Iysolecithin might alter the distribution or orientation
of these sucface groups thus leading to a change of electrophoretic mobihity 2) The
cell surface could be covered with products freed from the cells by damage infiscted
by the Iysolecithin Further work Is planned (J\N V) to investigate these possi
bibities both of which might be imvolved In vien of the probahle partscapation of
Iysolecsthin 1n 1mmune reactions wn zivo (Maddleton € Phillips 1963 1964 Fischer
1964 Fuscher et al 1967) in the inflammatory response (Cofran € Varno 1961
Yunder ef of 1965} aad its effect ou tumour sessels (Cafer € Tayfor 1966 Cater €
Wallington 1968) 1ts action on tumour cells )s noteworths 1n connection with the
physiopathology of tumour growth which may he dependent on a delicate balance
between the 1mmune and the inflammatory response related to tumour specific

antigens tHart ert 1968)
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BICA HAFMOULTIC STRERTOCOCLUS CROUP B
CAUSINE NFONATAL MENINCITIS

By Johs Arrhingen

Cases of neenatal mfertion exused by streptncocer of the fancefields seralogical
Graup B have been rrported dunng the past few vears In our §p {tnte we have
solated streptococes Group B from tno cases of nronstal meningiis 2nd & shaet
report on these cases mav be of interest

Case Vo ¢

Da Mareh 11th 1967 2 samwple of torbid spual flmid W as brought to the bacteriol 3t
cat taboratory Fxamination of 3 welprepar tion using the phase micrascope sevealed
fascr 16 chacns 40d & staraed smeer showed Crsm pasitne coced By culture Crowth
of Beta baemolytic streptocotes The tsolated stean was stored and not ammediately
vsamined serologically Aceordiny, 10 the very short case history srcompanging the

ample the patient a garl M hora <o Mareh 8th was adm ted fo the paedisteic

a partment of this hospital thrce dass iater with chinreal symptoms  Jerstabibity
08 pocr feedimg

Case hov &

On March 261h 1967 & sample of turhid spinal fluxd from snother baby was re
cetved for bartensndpgical examination Beta haemalytic streploocet were 1 olated
alsa i they ease

Arcording to the case histos  acer mpanying the sample from  ase no ? the patient
2 g} 35 B M born on March 81 was sdmitted to The pacdialnie department on
Mareh 26th after one day of Mmess  Fils Mo fever Voderately tense fontanelle

Serclogival examimeon classiied the tso trans of streptococer to the Tanee
field Group B

T} ¢ larth of the tno babies on the same day 1a the same matermity hospital and
lw‘hﬁon from hath cases of the unexpected microbe indieated some fusther wwests
fation

Case Vo 1

MY gemale infant bomn on Warch 8th 1467 4t 4 & m Uncompheated delivery
2 weeks after ealonlated erm Birth weight 3378 ¢ Mether healths

tase No 9

S B M fewale miamt horn on March 8th 1987 at
at normat term Hirth weight 3820 ¢ Votter hZa\\:\)s »m Uncomphiented detuery
% thm others 18y tn the satne ward in the maternity hospitel n caseno 1 the pid
wi%e 1a charge of (he delivery remarned on duty up 20 7 & m  and during the night
be underta b vaginal examinations of the mother 1o case no ?
An ther mid vife sttending 3t 72 m took charge of the dels er wn case no 7
€ imnents

115 well Lnown that strept
ploccory Group B may be a commensal of $he human
female ;:rugonxtnl tract 3nd examvnation of b th of the mothers would h: e been
™ hoanterest Uaforfunately we vere s¥le 4 obtan one sample cniv for

Heeened &
P \\ar-iw hi 88 frcm the Bocferalogee if Laboratory Central flospetal Trond
tonlirm

Y
db B Perch ¥ D Slatens Seruminstitutt Copeunhagen
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bacteriological examination namely from the mother of case no 2 21 davs after
dehivery Streptococal Group B were not 150]ated by culture

The comncidence of neonatal meningitis caused by streptococer Croup B in two
cases of delisers under circurmstances described above makes it most probable that
one of the infants may be constdered a victim of cress infection 1n the maternity
ward

References \conatal meningitss caused by streptococer Croup B in one case probably
dute (o hospital cross infection was also reported in PFDIATRICS OCTOBER 1966
No 4 part 1 For further references see those reports
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AN ULTRASTRUCTURAL SIUDY
or THE DISTRIBUTION OF HEAVY METAIS IN THF
PANCREATIC ISIETS AS REVEALLD BY THE
SUITIDE SILVER METHOD

By
1 Rin Pron
Recenel 1 ui6s

Althouzh 1t 1s well known brht pically by histoel 1 and
autoradiagrapiucal studies s welt as by direct chomcal assms that
the pancreatie 1siet tissue of most vertebrales conlain zine (of Werzel
ot al 1903 Davidson 1948 Yoigl 199 Bergman & Soremarh 1968)

the ultrastructural distribution of {ins and olher heavy melals in the
1slet parenchyma 1s still incompletely studied Proceding reports based
on the application of ultrastructural modifieations of the dithizone and
sulfide sidver procedures (Ghamofo & A he 1966 A h1 1968
Pihl & Falkmer 1967 Pihl 1967 1968) indicale thal the metal s stricth
focafized to the secretion granules but & more comprehensie stndy on
the distnbution of heasy metals in various t3p < of islet parenchiymal
cells 1s shll lachmng It was supposed that @ comparatine studs of this
hind performed on mammals with an 1stel tissne where hstophysio

lagieal data are avulable might give some aspects on the poorls known

physiological role of zine 1 msulin and glucagon svnthesis storn,e
and refese

The prescnt miestipation does not mm at covenng all the mam
orders of mammals but onls some of those species most commonly
used 1 diabetes research By thus however several of the amportant
mammakit grders happened o be studid Thus {rom the Primates
man was myestizaled from the Ligomorphs the rablut from the \[va
marph rodents the Chinese and Syran hamsters the mouse and the
ral from the Hystrichomorph rodents the guinea pig and the covpn
{autn1)  and from the Carninores the cat and the do,, Moreover one
species from the Arlwodactyian hoofud animals was melnded pr. the
randeer munhy bec wse the istet heavy metal of this ammal has pre

Thas work was supported by grants from the Swedish i,

dical Research Conncl
(Project No h67-1 718 0 vedish e
(eSSt G WY M718 07)  from the Medical Facully Unwersity of Umed and
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viously been studied 2nd another Odocoilemnean ammat of this mun
mammahan order the elk has been reported almost fo lack heavy
metals n the islet parenchyma (¥ o9l 1959)

MATERIAL AND METHODS

Tresh human pancreatic tissue was taken from three male patients at operatian
{or gasiric or renal carcinomas Iikewise fresh panereatic lissue was talen from
adult healths individuals of hoth sexes of these laborators animals mentioned i
the Introduction The animals were fed standard diets ad Libitum and had free
access 1o ordinary tap water Remndecr pancreas was obtained at the autumn
slaughter in Iapland from seemingly sound and well nourshed male animals In
each species the number of amimals used varted from two to ten

The Chinese hamsters uscd 1n this studs originated from an inbred stoch Lent
at the Institute of Pathologv where some cases of spontaneous diabetes occur (cf
Boquist 1968) However the amimals used in this inyvestigation were from a branch
where no cases of overt diabetes had occurred since 5 generations Likewise no
diabetes Was known in the three human cases All other apimals were from strains
where ne known heredsty for diabetes existed

Tissue specimens were fited m cold glutaraldehyde under continuous gassing
with hydrogen sulfide as previously described (Prh! 1967 1968) In addition spect
mens were also fixed n cold ?5 per cent glutaraldehsde for control purposes De
hydration and embedding 10 Epon ar glycol methacrylate {(GMA Leduc & Bernhard
1967) was carried out as previously described (Pih! 1967 1968) The electron mcro
scopic procedures were also the Same as 1n preceding reports Sections 1, thick
were treated with the modified sulfide silser developer for 112 to 4 hours and
stammed with tolndine blue The reaction was not considered negative until sections
of 1slets from at least two blocks from three animals had heen treated with a
developer known to have the adequate colloidal properties and no reaction was seen
after three hours Ultrathin scctions were treated with the same developer for 9%
to 30 min always using freshly prepared hydroquinone No cell tvpe was considered
negatne until at least two different 1slets from each of two hlocks had Leen de
veloped and no reaction was seen even after reactination :1e recomversion to
sulfides by also treating the ultrathim sections with sulfide (Pihl 1968) As controls
sections 14 thick were used as well as ultrathun ones from glutaraldehvde fixed
specimens which were treated with the sulfide silver developer as above

Fig 1
Photormi rograph from a humagn pancreatic islet The tissue was treated
with hydrogen sulfide during fixation in glutaraldehyde dehvdrated and
embedded 1 Epon A section (1x thick) was treated with sulfade siher
develaper for 3 hours Two type of cells can he seen te some which have
taken up much silver and some which are more diffusely stained “ucler
ave mot veacted X 670
Fig 1b ;\\rlan hamster pancreatsc islet treated as in Tig 1a but embedded 1n GMA
Fhysical deselopment for 2% hrurs The bulk of cells hate reacted rather
mach with sher s bale the peripheral mantle of cells which In the electron
micrascope e rrespend t o eclls are practically unstaip d x 780
A remndeer islet treated asan Fig la All 1slet cells have reacted only faintlv

Fig 1a

Fu fe hosiher X 1140
th siher

Fig 1d R;l pssncruklc 1slet treated as in Fig la and physically developel for 3
bl hours Clusters nf peripheral cells (top and lel w) are morc intenscl
stamud than the ceatral oncs In the (’lccl:‘m m rl;i;‘rpl‘ the former are

11

) as a cells and the latter as g ells ~

Jr;:omsf:c(:cm: yslet treated as i Fip 1o Some cells with a blnc: pr{"
Fuo te ufltl;r zome have reacted more with ailier than the others lut there is

::o charactertstie distnbutron of the two t pes X 1






Semiquantitatie Result Etaluation

It was nat considered possible to draw more than semiquaniitative conclusions
from the sulfide silver reaction in the pancreatic 1slets of sarious species Fstima
tions pertain exclusivels to the number of visible silver particles per presersed
granule If the reaction did become positine only after “reacthation 1t was de
signated (+) A 4 reaction refers to a small number of siher grams ++4 a
moderate number and -+-++ a large number

TABLE 1
The Distribution of Mistochemueally Reactie Heaty Metal {Zine) 1n the 1 ancreatic
Istets of Man and some Laboratory and Domestic Animals

Speeres a —cells B cells
Man +) +++
Rabhit o +++
Chunese hamster o+ HE
Syrian hamster + +++
ouse ++ i
Rat ++ ++
Guinea pig [ 0
Covpu +) traces
Cat ++ ++
Dog (+) +44
Rendeer +) +

RESULLTS

A strong sulfide sther reaction e a large number of silhver grauns
localized to secretion granules have been interpreted as indicating the
occurrence of ample amounts of heavy metal The 1slet meta! demon
strated was found almost exclusivels in secretion granules of g2 and
a cells and only m minute amounts in 1solated Ivsosomes The findings
1n the various species mmvestigated are ginen in Table 1 As 1 rule there

Fig 2
2, ograph from a human pancreatic islet treated as in Fig la
FIg e e et woxtion was physically devol: ped for 70 min Only tno pecell
granules (€) are fairhy well preserved and show many small silver grains
while the other g granules are in various stages of dissolution The ,
granules (left) are well prc;e;:’;d Cantrasted with uranyl acctate aloe as
ures X A4
Fig %b ;::}:‘l:t\’s;(::i?:a?igc islet. treated 33 an Fix 22 The g granules (right) e
artls dissolied and show numerous small silver particles whereas the
Farels well preserved @ granules (left) show a moderate number x 41000
Part of a Chinese hamster pancreatic islet g-cell treated as in Fig 2a Thl;
ernuclear field was chosen to show the best preserie | granules one o
Bnch us partly dissolved (arrow) The rest are surraunded by wide halos
AR shrunken showing a farrly large number of silver grains While
o T rore affected parts only remnants of granules Were seen the pic
:2;1;::::; est that these granules have passed through a stage of swell
1og X 32000 er Chinese hamster islet treated as
Fig2d W d;} :r::et“-ﬁ?, :‘-,g,rax;:l:air;n";r:n:ﬁr.de silver reaclion scen in o gran
n Fig 2
Wles of this species X 53000

Fig %
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was httie difficulty m wlentifving the two mam ty pes of slet cells Mo
daia have been obtmned so far regarding the occurrence of heavy muial
m e cells The few agranular cells obsersed were sulfide silbver nega
tine

Whereas & culls were generally rather welt preseried when treated
with hvdrogen sulfide most £ cells showed 2 marhed reactnats towards
treatment with hydrogen sulfide It was 7 common obsers ation that
8 granules around the celt nuclens 1 the Golgr regon and at the e df
peniphers were less affected by the gas The phenomenon of granule
dissolution and sis possible impliettion on nsuhn release has been dis
cussed efsewhere (Fallmer & Pihl 1968) A detuled account of our
findings m the yvanous ammals follows below

Man Pancrealic 1slets reacted marhedls wath sither (Fig 1) same cclls beog
almost black winle others were more family stsined In the electron microscope
it was seen that the 2 cell granules had fahen up much sidver and had reacted
rather matensels towards hydrogen sulfide (Fig 2a) with dissolulion of maby gran
ules In some 1slefs the @ granules yielded a weak reaction first after resctration
while 1 others the reaction sas weakls posttive already aftcr the fnftial gassing

Rabbit In this spectes B cell granules were also rather affected by the gas and
gave a strong sulfide sther resction (Yig 2b) The a cell granules however mere
faarly well preserved vielding a moderate reactian as ta the cat

Chinese homister The 8 grancles were rather sensitne towards freatment with
hidrocen sulfide and vielded a marhed reactisn (Fig 2¢) wmhercas the e granules
were bat hittle affected with a moderate sulfide silver reaction (f1e 2d)

Syrian hamster The & geanules of the Syman hamster were sumilarly alfected
bs hudrogen sulfide a5 Ms Chinese relabive and gase a fairly strong sulfide sther
reaction In one islet where the gassing was incorrecthy carred out i vwas foun!
that 1solated cetls which hiad come into enntact with but ittle hydrogen sullide to
a large extent Jacked preserved granules Instead of granules there were numerous
vacuoles surrounded by sshver gramns (Fig 32y Adjaeent cells were httle affected
{Fig 3b) Whether this Dhennmenon can be seen also 1n other spcctes sad may
wdiwcate drfferent sevretors stages will he further mcstigated The « granules an
the Svrian hamster pancreatic islets reacted moderately As suggested by hight
mieroscops (Fig 1hY these cells were found in the 1slet pertphery showang a mantle
af weahly stamed cells

Mouse This speetes behured rather sumilarly to the Syrian hamster Thus 2

Ful

Fag 3o Part of & pancreatic ysfet g cell from a Syman lamster 1mmersed i fluta
raldehyde bubbled through wrth hydrogen sulfide first at fixatrar {n iso
lated cells there mere onhy single granukcs (0} feft which had not reacted
ab She sas sehanaas sdhers seemed to have wwelled and burst aad left
targe vacuoles the periphery of which gase @ sulfude siher reactron Mito
chondrra are well preserie 1 CMA secttan X 53 000

Fig 3% A p~cell from the same sslet as 1 Fig 3a showing fawrls goot grannle pre
servation Apparentiy onls a small smaouat of sulfede has reached the cell
before fixation ay complete which Is further suggested bs the rather fon
nd large siber grams X 32000

Fig 3 :husc gancruuc islet g-cell treated as w Fig "at \ ((-\: ra;_rg;‘:\ilhlosvmn
served granules are seen adjacent ;fslg;n?“ nucteus (\)

derate number of sitser grams

;“:ﬂ of a rat pancreatre istet geell treated with h\;,u-nl en :::‘f:.d{ r;r’t :?

g before fixation This field was th sgn fr m the ll.‘s rpr:nm! 1hl:-‘ ot

the ceil The granules show o rooderate numier of st Yc 2

come {1 tat fex and the mmitochandron (M1 aoae

Fig 31






e

]
)

phyes

. o,
%
?o é o
;‘g o
S

N
AN
5

[ '
(.
My
ay e
5 M, -
EENERT S
oA '
«
R '
I
e~ S
3 A
at
4
1
i
> !
<
# 1
. l
For A .
- X %
- s N
v Iy Py
L. "R ¢



. - 1
5 Y e
L7~ VEALTI0.. J3 A AN

Fig 5

Dog islet g cell treated as 1n Fig %a The ultrathin section was further treated with

sulfide ( reactnation ) Seme granules are fairly well preserved in spite of the

primary gassing while others show sigas of dissolution The bachground of few

Small sibyer parha les would be due to diffusion of heavy metal compounds durng
preparation > 43 000

granules were moderately well presericd with a moderate bumber of silver grans
per granule (Fig 3¢) while the a granules were almost intact and showed a mode
rate number of silver gramns

Rat The g-cell granules yrelded a moderate number of silver grains (Fiz 3d)
and were moderately affected by the gas VWhen gassing had been carrted out ex
flusively during fitation only 1solated granules showed few and large sibver pre
eipitates The a granule reaction howeser could be much enhanced if gassing was
performed before fivation

Guinea prg Botha and g cell granules (Fig 4a) were well preserved the suifide
silver reaction bemng upiormly negative even after reactivation

Coppu Alsa in thus species all g granules were well presersed 1 spite of treat

Fig %

Fig 4n Guinea pig t #ncreatic aslet § cell treated as in Fig 3d with part of sn a cell
below In spite of gassing for 10 mm before fixation the structure 1s farrly
well preseried with only shght changes of the @ granules Mo sulftde sil et
xeachion K 10N

Fig 41 Islet gcells from a coypu (nutria) treated as in Fig ”a The rather electron

dense g grapules are no more affected here than i plam controls No

sullide silver veaction X 78500

Cat islet g-cell treated as i Fig .a The granules shown here are represen

tating for those best preserved lorated periuclearly as th se of Fig 3¢

Xet they are rather atlected by the gas and show numerous silyer particles

Th%:g&eus (\) has a dentate appearance which was scen also 1n controls

Fig ac

*

Fig 44 Past of an o ~cell from the same block as in Fig 4¢ The well preserved
granules show a moderate number of miser grains which for unknown
reasons are muach larger in one granale {arrow) X 39000
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ment with hydrogen sulfide (Fig 4b) In isolated cells a weak sulfide silver reac
tion was seen after reactination of sections while roost B cells remained negatrie
Fhkewise the « granules yielded a weak reaction after reactivation

Cal Like in other amimals imestigated where the £ cells contan much reactne
metal 1t was difficult to obtan well preserved 8 granules yn gassed Lissue Those
preserved shov ed a strong sulfide silver reaction Wath a fairly large number of
silver grams (Mg 4c) Otherwise one could see that many g cells were almost
devoid of preserved granules except for a few in the Colg1 region and adjacent to
nucle: (Fig 4c) and ccll membranes The a cells of this species gave a moderatels
strong reaction with rather many small silver grans per granule (Fig 4d)

Doy In the hight microscope one ¢ould already see that some fslet cells gave a
faint silver reaction whereas others without characterstic islet localization were
almost hlackened especislly around nucler (Fig 1c) In the electron microscope it
was found that hvdrogen sulfide led to drssolution of many granules of g cells
Those presersed yielded a marked sulfide silier reaction confmed to the disc Like
central structures (Fig 5) The a cells did not react until after reacthation and
then rather weahly

Rewndeer The remndeer aslets were sveahlv positive sithont characteristic cellular
distribution (Fig 1c) In the electron microscope the B granules were weakly posi
the and only moderatels affected by the pas while the a sranules gave a positise
reaction only after reactivation

DISCUSSION

Evaluation of Resulls

Many fictors may confuse assessment of the suifide silver reaction
1s some pertinent varables are difficult to standardize At present
there scems to be three major obslacles preventing maore than semi
quanbitative conclusions to be drawn These are

1 The marhed sanation 1 collowd properttes helween different
batches of sum Arabic In our hands the outcome of the reaction with
different developers used on sechions from the same block under stand
ardized condiirens vaned from no ontcome at all fo 2 heavy laver over
the whole pancreatic 1slet To some de,ree this could be compensated
for by modifying the time of deselopment after the light microscopreal
reaction on sections 1 p thick

2 In order to obtamn acceptable ultrastructure the conversion of
tissue heavy metal to sulfide must take place as soon 1s possible and
preferably at fixation (Pdil 1967) This would mean that only super
ficial parts of tissue come into contact with a surplus anlount of SH
Jons before coazufafion of protemns limuts diffustion For this reason
formaldehvde could not be used s combined fixative and vehicle of
the gas (Puhl 1968) Thas workeng, with pancreatie islel bssue 1t does
not scem possible at present to compare equally gassed islets from time
to time cspecialis as the islets will be situated at varwous distances

e of the ctual spectmen
rro:iml'!}\":]::;cr:cmﬂf\de my be deleterious to the ultrastruclure of slet
¢cell granules contaimng much metal te at least of pH and temperature
ot strictly hept within narrow hmuts (PRl 196%)

e blemns of points 2 and 3 would be to postpone

A way round the pre y 12} later an ultratlun sections but
treatment with hsdrogen sulfide unh il dutTusan dur
eudentls this entals a considerable rish of ey

ing fixation and dehydration {Pihi 1968
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1t would appear that the best siructural and histochemieal resulls
are whicved 1if the imtial gassmg s carrind out under strictly stand
Ardized conditions as described elsewhere (Pthl 1968) and only supey
fioathy stuated istets ate chosen for ultrathin sections 1f onc com
pares the sulfide sibver reaction on sections developed wumediateis with
those developed after reacination , <aluable information my he ob
tamed The fact thnt the B cranules of yanaus species 1 contrast lo
the @ grapules seem 1o ghve 1 maumum reachion already fier the
ytial gassing suggests that the hewy metsd 1s bound la the lter
granutes in a different way apparently harder  Thus halds true on the
assumphion that the glutaraldehyde ss trenfed with hydrosen sulfide
for one mmpute before the tissue 1s immersed and that continued passing
»s performed As previonsty deserbed (Pl 1968) Thus o grwules
seem to Live 1 maimam reaction onlv af a surplus Amount of sulfide

1s adminustered through gassing before fixilion or repeated on uiira
hin seehions

Comparison with Prevtously Obtained Results

It 15 weil known that no methods permit the simultaneous demon
stration of heavy metal and a suceessful granule staming, n pancrethe
it fissue though some conelusions man be drawn from the hnown
topographici! distribution of the varous ¢} iypes in some ammals
eg the occurrence of @ cclls in the 1slet persphery mn the Myvomorph
vodents In most ammals hght mmcroscopieal methods suggest that the
heavy metal occurs within 8 cells (Wolff & Runglel 1934) Howuver
there 15 evidence ohtuned with both the dithizone and the sulfide
sitver methods that ot lust m the vt mote metal can be demonstrated
ma cells (Wolff & Ringled 1904 Mashe 1995 Voigt 1929 Yoshinago
& Shiap 1963 Wetss 1960) Muller & Guther! (1960) could show thal
w the Suoaa hamster the eolls distributed atound eapatianes coptmmed
most metal nd elzimed that these were a ¢ells  In the eleciron micro
seope we found that the a cells of this species were predommantly
localized to the ssfet peniphers ihws correspondms o the lymesd
mantl sslets of othcr Myomorph todents The o cells showed onlv 1
tant suifide silver reaction or none 1t all (Fi, 1b) while the gerwn
whes, contmned {rathy Tvarh el 151, 3B In Vs comtext 1t showid
be noted that fixation 1n alcohol as used m the sulide sther methad
i]qr parafiin sections leads to dissolution of B cudl granules (fa arow

927} To deem from our resulis the swme pertans to hydrogen suifude
50 untess austere precautsons are observed Es wenily dithizone hins
simslar effect (hawanishi 1966) Thus 1t 1s dilfiewlt to tell from Light
microscopy whether one or the other eelt tupe 1 a cerlam species
conlan most zine knowing tha o grannfes remmn well preserved

The bew metal dumonstented with our method has almost excin
sively becn localized fo seerdbion granules and onlv cxeeptionaily to



Ivsosomes Concervably  granule dissolution w ould cise the hewy
metal fo spread 1 all directions lowermn., the concentration locally
The stronger sulfide silser reaction around nucler at the cell pen
pheries and adjacent to capillaries often seen i the sarsous ammals
daes not denote that these pasts of the cells contmn most metal but
only that granule dissolulion 15 less prominent 1n these regions In no
animals sate i the putna have we found more reactive metal i a
granules than in the 8 granules Consequentls we could not confirm
the proviously made observations that the o granules of rai and
Syrian hamster contain more zine than the 8 granules We have also
considered the fact that a surplus amount of sulfide has to be admin

istered exther before fixalton or as reactnation s order to transform
« granule metal to reactive sulfide whereas g granules re et rendy
with small amounts of sulfide The use of rcactnation of sulfides
thus does not solely ensure that sulMfides oxidized Auring preparation
are reconverted but also that 1 surplns amount of sulfide could reach
heavy metal supposedly hyrd bound to protein m « granules Mvidentiv

dithizone does not have sufficient affinits to mike possible the demon

stration of supposedly hird bound metal Thus W olff & Ringleb (1954)
reported that the « cells of the dog contained ne metal wiuch 1s not
m agreement With our results (Fable 1) where « granules yiclded a
weak reaction After  reactivation

An mmportant factor which must be considered when driwing con
clusions 18 to wineh cell type that contruns more metal m one or the
other species 15 apparently the state of granulation 1 ¢ the nulrihional
statns of the amimal Maske (1903) and Wolff Ringleb & Amann
(1945) showed that g cell zine was stored durmg mnamtion and released
at hyperglycacmia te the metal cantent paralielled the deyree of
£ cell granulation W orhin, on the ultrastructural level however the
sulfide sther reachion could be assessed as silver grains per granule
Thus differences 1n the degree of granulabion may explain why hpht
merescopy m1y show varyin, amounis of metal belween cifferent
1slets as well 15 between different ammals of the same spectes 1ihe
wise adrenalin may 1lso led to 2 decrease of £ cell zine (W olff Ring
leb & Amann 1935) Vowgt (1949) found no metal m three elbs -nd
rather little 10 a fourth ammal Likewise our reindeers showed rather
few B cell granules although those found showed a elearhy positive
sulfide silver reaction A positive sulftde siher reachion in remndeer
1stets has previously been deseribed by 1 ogt (19,9)

It 15 intcresting to note that man and the carnnorous ammals ¢al
fiave large amounts of renctnne £ cell heavy mietal wlule the
siderahly less As to the T iomorph rabint
ounh possibiy a Rittle fess

and dog e
rumiant reindecr has con
1 th

a1 also hos much f granule meta
:‘l:lsnarh“c“carm\ ores showing less reactivaty towards hydroacn sulfide
T:c \Isomorph rodents generally had less retctine heavy mcl'lll ml;h(rn‘
8 granules On the ultrastructural tevel Qhamolo & hawansht (1966)
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and haowamsht (1966) have reported that the B colls of rabbats and
rals contatn heawy metal also although no comparison Wis made and
they do not mention whether the « cclis also reacted or not

The Hystrwhomorph todents were totalls different from all other
species therto mvesti,ated shonng o g cell reactne melal 2s 1 the
wnen g or only wagmficwt amounts as the coypu Whercs
we have found no Teport n the hiferature as fo pancreabie isfet henvy
mdal m the coypn Wolff & Ringleb (1954) ~nd Vet {1949) hue
also reported that gumea pig, 1slels ghve no hews metal rcaction or
possibly somehimes only a irace Teachion

Functional Signaficance of Islet Heavy Metal

Since Ohamoto (1919) formulated Yus zme Yheory whout the patho
genesis of diabetes mellitus it has become more and more evident that
zine has a prolound sigmiicance 1m 1slel mctahohism although s role
15 largely unknown Insulin does mot crysialhze 2t physiologicat pil
without heavy metals as zine mehed cobit or cadmium (Scotf 1934)
La arow (1907) thus concluded that zinc may plas a role in the aggre
gation of wmsulin but adds that there 15 no evidence to suggest that
this 15 a speerfie relationsttp  as o cells may also contain inrge
imounts of zine Washe (1955} launched the view that therc 1s ann
fluence of this metal of the intracellular snsulin depols  This 15 m
cood a,reement with the findings of W olff & Ringleb (1994) that there
is 1 close parallehsm betwcen the amount of istochemucnilv demon
strable @ cell zine and the funcfional state of the cclls Thus brad
starvation which 15 hnown to lead 1o an nereased number of g cell
granuics atso led to more demonstrable zine Roversely they found 2
decreascd amount of @ cell zime when glucose was adminsstered Thus
there 1s much aformation fo wdicate that B8 vell 2inc keeps wmsuhlin 1
a storable form within grannles Apparently the metalis not necessary
for the mere production of hormone (Vougt 19,0

The function of a, wranute zine 1 sl moare ohseure These cells are
hnown o contam and probably also prodnce glucagon {cf Broln &
Hellerstrom 1967} Lattle seems to be huown about the interrelation
between glucaon and metal within the « granules In contrast to zme
10 8 cranules @ cell zine disappears ifter msuhin admnustration and
from stanation (Wotff & Ringlef 1904 W erss 1965} The occurrence
of one hustidine residue o fhe slucagon moleeule i contrast to fwon
the insulin motecule (Bromer of al 1857) might explun why also &
Rranules seem {o contan heavy metal w many Speews

In fhis context it mught be of mterest io note that 1 both guinea
s and coypus noue ar only msigmiieant amounnts of sulfide siver
reachie heavy metat could be shown n g granules and that thesc gra
vules were practieally unaffected by hydrogen suifide Concenably
these animals do not uwlilize zine i their wsulin melabolism It has
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and hawanisht (1966) have reporled that Lhe 8 cells of rabbis and
rats contmn hewy metal also lthough no comparison was made nd
they do not meniion whether the e celis aiso reacled or not

The Hystrichomorph rodents were tolally different from all other
species mtherto nvestigated showing no B cell renctive metal as in the
pwnea pig or only msignificant amounts as 1 the caypu Whereas
wc have found no report 1 the hieriture 1s to pancreatic wslet hoavy
metal 1 the coypu Wolff & Ringleb (1954) and Voigt (1959) have
also reporied that gwmea pi, slets gne no heavy metal reachion or
possibly sometimes only n trace reaction

Functional Sniftcance of Islel Heavy Metal

Since Ohamoto (1949) formulated his zine theory aboul the patho
senesis of diabetes mellitus 1t has become more nd more evident that
zine has a profound sigmifieance m 1siet metabolism although ats role
1s largely unknown Tnsulm does not ervsiallize at phystological pH
without heavy metals as zine nickel cobalt or cadmium (Scolt 1934)
Lararow (1957 thus concluded that zinc may play a role 1n the aggre
gation of msuin but adds that there 1s no evidence to sug.est thal
s 1s a speerfic refationship  as e cells may also contamn inrge
amounts of zne Vasle (1950) launched the view ihat there s mmn
fluence of this metal of the intracellular insubin depots  This 1s n
good agreement with the findings of Wolff & Ringleb (1954) that there
1s a close parallelism belween the amount of histachermenlly demon
strable g cell zinc and the funclional stite of the cells Thus bref
starvttion which 1s known to lead to <n increased number of 8 cell
granules afso led to more demonsirable zine Revcrsely they fonnd a
decrensed amount of g ccll zine when glucose was admimistered Thus
Lhere 15 much mformation to indieate that g cell zine 1 ceps msulin in
2 storable form within granules Apparently the metal 15 not necessary
for the mere production of hormone (1 oigt 1949)
l\n'l;l\x‘z;)hlmc(mn of &, granule zinc 15 still more obscure These cells are
"e"cmra cuz;ll\am and probably also produce glucagon (cf Brohn &
o om 1967) Little scems to be hnown about the interrel ition

etwcen glucagon and metal within the o, granules In conirast to zinc
'lzaiar;mulcs « cell zine disappears after msulin admimsiration and
s : :n(q:mn N olff & Rengley 1954 Werss 1565) The occurrence
o stidine residue 1 the glucagon melecule 1n contrast to two

e msulin molecule (Bromer et al 1927) mght explain why also
franules seem ta conimin heavy melal 1n manv species “

In this context 1t might be of interest to note that 1n both gumen
Ir:.':;lsc‘-:‘nedhcc?‘pus x:cm( or onfy msigmficant amounts of sulfide sylver
ey e p)r;:fm:;l“could be shown mn £ granules and that these gra

ly unaffected hy hydrogen sulfide Con
ihese ammals do not utihize zine 0 their wsulin me!abohsn‘l.el;ltnl!’:l:s



rceently been shown that gumea mgs made deficient 1n man,anese
show abnormal glucose tolerance (Everson & Shrader 1968) It scems
possible that that mctal could be demonstrated wilh our methed should
1t oceur within granules since manyanese has 1 lower eleclrode po
tential (L red ) than silser (Lange 1908) W hereas zinc 1s bound to
the 1nndazol groups of msulin histidie located at the B, posibon of
most specics (Smuth 1966 1968) guinea mgs and nutrins hase ot that
posihion asparbie acsd and glulamie aaid respectively (Soufh 1968)
which amumo acids e acdie (W hute of al 1904) and would not be ex
pected to bind zine to the same extent

From the present work wath the sulfide silver method 1t seems
plaugible al least as 1 working hypothesis for future work thal the
melal plavs seme role 1n the regulation of wnsulin storage and releasc
from imtracellular yranule dissolution (Falhmer & Pithl 1968) Scem
mgly hydrogen sulide brings about a rapid imbalance of a homeo
stasis mechanism due to 1ts interference with zine from SH 1ons of the
dissociated gas Qur interpret iton of this phcnomenon =nd 1its possible
mplication on nsulmn secretion under physiolo.scal conditions and
yvarious pathological states will be discussed elsewhere (Mall mer &
Pihl 1968)

SUMMARY

By means of an ultrastructural sulfide silver method for demonstration
of heavy metals the pancrealic islel heavy metal (zine) has been shown
to occur 1n apparently large amounts m the g .rinules of man do.8
cats rabbits and Myomorph rodents particularly Chinese hamsters
The 8 cell granules of the Hystrichomorph rodents the guinea pi., and
the covpu contamed no or only insigmificant amounts of reacinve
metal 1n 1solated cclls A preceding observation that deer amimals may
have only small amounts of heayvy metals 1n the 8 ctlls was confirmed
so far that the remdeer just showed small amounts A rdationship
was noted beiween the sumquanbitatiels estimated amount of §
granule metal and the reaction of the £ aranules fowards bhydrogen
sulfide whnch cvohed dissolution of many .rinules It was supposed
that ihs Teaction may have mplications for the physiologieal role of
zinc m the g granules

1t was found that moderale or sm il amounts of histochemienlly re
aein e heass metat occurred also in the & ranules of man rablnt Mso
ents carmiores and the remdeer The onlv amimal that
Jdemonstrable heavy metal was the gmnea mg
homarph relane the covpu showed same « granule

morph rod
compicieh lached
whereas its Hystric
™ f heavs melals i «
btaned as to the occurrence ol he: \
el\lso ’?‘it:af;‘\fr;a:a)nulur cells observed scemed to Inch fusfochemically
c
delectable heavy metals
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ently minute amounts of
Apart from the mnerdental finding of appar

he'ulfy metal m 1solated lysosomes of some 8 cells the eccurrence of
heavy metal m aslet parenchymal cells was stricth locthzed to one
and of organelie only v the secretion granules
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THE ELECTRON MICROSCOPIC
APPEARANCE OT' THE GLOMLRULAR LESIONS IN
OBESE HYPERGLYCAEMICG. MICE
By
A BERGSTRAND G \ATHORST W rnoaun and
B HELLMAN
Recesved 219 68

The appearance i the hohit microscopy of glomerular lesions in mice
with the American svarsely of the obise hyperglycaemie ssndrome has
been described 1 a presious paper (Aathorst Windahl & Hellman
1961) The presence of nodular or more diffuse deposits af a hyaline
glomerular matenal resulied in compression or even oceluston of the
plomerutar ¢ipillaries While the staining procedures revealed that the
hyalme asccumulation contained varving amounts of fat no amslowd
could be d tratcd with histoch al methods

The present communication desembes the examunation of the glo
merplar lemons i the obese hyperglycaemic mice with regard to
ultrastruciural appearance and pessible hirefringence It was predicted
that the use of the polarizing microscope and the eleclron ricrascope
would not only give & more precise 1dea as to where the hipohyalne
deposits are located but also help 1 evaluafmng the extent to which

they are related to amnloidosts or to experimental or spontaneous
diabetic glomerulosclerosis

MATERIALS AND METHQDS
'?n ohese hy perglyeaemuic mi e (ob ob) of both scxes from the stram orginatiog
T m B Jachsen Mlemorlal Laboratories Bar Harbor Vame US4  were
;lu hied Al animals were more than 12 mtnths 1d and thewr idaeys contained the
1plyal ne glomerslar lesions characiems Yie of  gung obese hyperglecaem ¢ mrce
. Small pieces from one of the Irdueys were fixed in ce-cold butfered osmimm
etrotide dehydrated 1o acton and embedded 10 Vestopal W The osmium fixed
I;nalcrul 3 a5 either cut into 1 4 thick sections ard stasned with safranme (Schant
N hecler 1969) for light microscopy or cut anto thin se tions and stamed with

Thts imtestigation repre ents part of a
progect supported by the Wedical
R search Louncil of the Swelish Lif Off: es snd vhe Suedish Medical Research
ph"?&?‘ ‘(zur “hal‘l‘ksxam al » due to D ego Carlstrom MD Department of Bio
vsies harolindha Institntel St kholm i
Thysies Berniinsta or generous help and adsice with the



Fig
Tight microsiopte picture of a severels damaged glomerulu  The hpohyaline
nasses compress and parbially ocelude the glomerular carillares The deposits are
located 1nside the hasement membrane which is well presersed Osmuum fived
tissue embedded m Vestopal and stamned with Safranine 1000 X

urany 1 acctate for examination 1n an electron microscape (Siemens Flmiskor 1) The
other hidney »as fi<ed 1n 10 per cent neutral formalin and em} #dded 10 pasafiin After
staimn,, with van Gieson or Congo red 5  thick sections of the paraffin embedded
matenial were examined 1a the hght and pofanizfng microscopes Frozen hidney
sections were also prejared and Stained for Lpids with Scarlet red and Sudan

Black B

RISULTS

Ight and polart alion microscopy 1 xammahon of the frozen or pa
raffin embeddid kidney sechions in the li,ht microscope made 3t ca
den{ (hat diffuse 1nd nodulze hpols thne glomerwltr chanaes were
present There was also weak staming with Congo red Libit micro
scopic examnation of the Vestop embeddid kidney materd seve ed
severe desiruction of most glomerult with Lirge doposils compressing
the capilianes The capiliany hasument membrane was howeser sl
preserved (Fig 1) In the polanzimg microscope (he hpalis me masses
displaycd werk focal hircfmingence )

Eleclron nucroscopy Sursey prefuris o whole plomert?e e 2}
mdseated that the lipohvaline masses wer hzed fo the
areas and 1o the endothebinl side of b manbre



Fiug 2
Striev picture ¢ glomerulus The Jipohyaline masses are concentrated to the
me angial arcas The nucles f the mesangial cells and probabls also those of the
end thelial eells inside the deposit are lghtly pyenotic The basement membrane
is trongly osmiophil ¢ and listinetly separated fram the deposits VP = rascular
©le JC = justaglomerular granulated ecll MD = macula densa Flectron micro

graph as in the following p ctures 1700 %
n
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Fig 3
Part of a glomerular capillars Fnd = endothelial cell Fp = epithehal cell Ml =

remnants of mesangial cell cytoplasm The brillar structure of the hipohyaline
mass is verd prcounent 10000 X

capillary walls The basement membrane was well preserved and had
1 higher clectron density than the lipohsahine masses \o 2pposition
of a basement membrane lihe substance or tlickening of Uus mum
brane was found The hvaline duposils had 2 well defined structure
and consisted either of parlly parillel fibrls or rounded stronsly
osmiophihic globules surrounded by finels granulated malenal con
tamn, short fragments of fibnls (Fi,s 3-) The fibrils were ahoul
70 A broad The globules were sealtercd amony, the lipohyaline masses

Figs -5
Fig 3 Capllars wall A partly parallel (Icwer nght) partly irregular (centre)
organization of the fibnls is seen In the deposits tgcther with cattere 1
oleteon den ¢ g1 lules A network of finc fibnls Is ala ofsersed n the
codothelial (Imer) side f the 1asement membrane <B) F = enl theltal
= epithelial cell %2 000 X
;a]‘:h}xgaznlfrx’cnllon of & capillars wall Fy = cpithelial celt D ~ dejosit
Numerous free ribsames and shighthy dilated cisterncs of the end plasmic
reticulum can he seen in the epithel 1 cell evtoplasm The ele tr n lense
ules are ¢ meentrated elose 1> the Lasement memtrane The dep it also
ents of fihrils 20000 >

Fig »

glot
contalns fragm
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bul displayed a marked concentration fo the endothelinl side of the
bisement membrane The electron dense globules were shghily rrre
gular m size with an averige diameler of 300-100 A (Fug 5)

The endothelial and mesangial cells were destroyed eytoplasmic rem
nants and pyenotic nucler being observed jn the Lipohvaline masses
(F1g 3) The eapillary epithehal cells were also affected to some extent
probably due to the compression of the capullanies md protun leal age
through the capiliary walls The foot processes appeared on the ather
hand to be well preserved and the granulated endoplasmic reticylum
w1s abundant with shghth widened cisternes

DISCUSSION

Spontancous glomerular lesions with thichening of the capillary walls
and hvaline deposits i the mesangium have been described in agemng
mice of different sirains (Gorer 1940 Gude & Upton 1962) A more
detarled evalunlion of these studies ts hampered by the fact that thes
have not included clectron microscopy  Althonugh the lesions mentioned
have some resemblance Lo the present obsery ahions 1t should be pointed
out that the obese hyper,lycacmic nnce do no! display ans abvious
tendency to glomerular {ibrosis However gt 1s possible that the din
belie state of the obese hvperglscacmic mice iceclerates an otherwise
meonspicuous agemng process (Mathorst Windahl & Hellman 1965)
Guttman & Aohn (1963) have for cxample found sponiancous glome
rular lesions 1n mice which were marl edly enhanced by radintion

Dunn (1931) and Thung {19573 have described a type of sponlane

ouslhy appearmg semle amylowdosis 1 mice Judsing from 1hesc
authors deseriphion the amsloid lesions were very stmilr to or
wdentical with the glomernlar lesion observed i the obese hyper
glveremiec mice In fact the lipohvaline material has many features m
common with human or experimental amylowd 1 istinel fibritlar
structure and accordingls a weak optical birefringence which was
enhanced after stmning with Congo red The large amounts of 11 and
the small electron densc globules which probably contun lipids are
howeser nol charactenstic of true amsloid Furthermore the Jocation
of the hipohyaline masses differs from thal of amvioid whieh s known
to precipitate on both sides of the lamma propria of the basement
membrane and to sradualls dissolve the memhirane (Lolier & ¢allans
1959 Caesar 1060 Bergstrand & Buchi 1861)

A companison with human diabelie plomerulosclerosis 15 ilso of
interest 1n view of the fact that the kidney lesions oceuran animals with
hereditary dinbetes The hpohyaline glomerular masses have the same
location m the obese hvperglvenemic mice as the Dxaline d'cposllls
found 1n globulnr or diffuse human glomerulosclerosis (Bergsirand "‘{
Bucht 1909 Farquiiar et al 1909 Dachs et al 1961) Fat nls :::cw:::;::h:
ohserved 1 the latter deposits but never to the sime extent o
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glomerular lesions of the obese hvperglyeaemic muce Furthermore a
distinel fibniltar or globular structure cannot e seen 1n the deposits of
human diabetic glomerulosclerosis which hase the same appearance
as the basemen! membrane It mav therefore be concluded that the
glomerular lesions 1 the obese hyperglycaemic mce differ from those
i human drabeles

Glomerular lesions are frequently observed in animals with cxpern
rental diabetes (Lukens & Dohan 1946 Mann et al 1901 Bloodworth
& Hamwt 1905 Hartroft 1925 Greenberg 1962 Bloodworth 1963)
Nodular plomerniar lesions induced by eortisone have also been de
scribed and compared wath human diabetic glomcrulosclerosis (Janes
& Sommers 1997 Ramumer et al 1967) Nene of these glomerular
changes seems to be identical with those found m the obese hyper
glycaemic mce

The hpohyaline deposits are mainly and probahly primarily locabized
to the mesangial cells which are the man target both in inflammaltory
and 1mmunologic reactions of the glomerul: Present obsersations
sustain the previous suggestion (Bergstrand & Bucht 1909 1961) that
the mesangal cells dernve from pericyies and whether consigered from
a phylogenetic or a functional pomnt of view are homologous to the
reticulum cells of the liver spleen and Iy mphatic organs

SUMMARY

Prominent glomerular lesions have heen obscrved n ageng obese
hyperglycaemie mice Tlectron microscopic studies revealed that lipo
hvaline glomerular deposits were locahized bolh to the mesangial nreas
and to the capilary walls between {he basement membrane and the
endothelial cells The hipobyaline masses displayed a weak focal bire
frmgence 1 the polarizing mucroscope While the glomerular lesions
of the obese hyperglycaemic mice differ 1n several respects from dia
betic glomernlosclerosis human amyloid and experimentally mnduced

amyloid m amimals they appear to be sinlar to what has previously
been termed semle amslowdosis m mice
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THE IN VIO UPTARE OT
OESTRADIOL 175 BY HORMONE
RESPONSIVE AND UNRESPONSIVE BREAST TUMOURS
OF THE RAT

By
STEN SANDER and ARNE ATTRAMADAL
Recened 51y 68

In some hreast tumours mmduced m rats by 712 dimethylbenz(a)
anlhracene (DVMBA) growth 1s dependent on the presence of ovarian
hormones (5 9 19)

In other ammals however the tumour srowth will continue un
affeeted by ovanectoms (4 19)

The histologreal structure 1s not markedly different n these two
tspes of tumonr (17)

Trihaled oestradiol 178 admimistered o rats with DMIBA 1nduced
Ybreast tumours 15 taken up and rccumulated 1n the tumour (11} The
wieshigation published by Vebbs (14) imdicates that there ewists a
correlation heiween the uptahe of oestradiol in 1 tumour and the re
sponse to ovariectomy If such a correlation exisls 1t might be of
mportanec for the prognosis of indiidual tumour response In the

present study hormone responsive and hormone unresponsie D\IBA
tumours are compared with regard to

1} Measurement ot uptake capaaly for oestradiol 178 and

2) Localization of oestradiol *H 1 v arious components of the tumour
tissue

MATFRIALS 3A\D UETHQODS
‘\hun obred female Wistar rats were used (hred by Vollegaard A L Depmark) it
¢ a)

ze 0f 50 + 2 davs cach rat was given 4 mg of 712 dumethylbenz(a)anthracene
by mta enous amyects (.

b > g per g i & spectal 15 per cent fat emulsion Upjohn

[P ues alamazoo Michigan) A second dose of 4 mg was smyected thre  deys
<

The rats were examined ty tce  eehly for tumcurs Palpable tumours eppeased

This worl, has been supp rtel by Vorsh Foremng hil Kreftens Beljempelse Oslo
. The dimeths lbenzanthracene (DVIBA was generously pro ided by the Lp)rhn
mpany

The authers v1 h to express their appreciation to Mes Jine fo sen for her
shilled techaical & istance
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from 5 to 50 weehs after admimistration of the carcinogen Growth af the tumotes
was assessed by measuriog tno diameters with calipers through the sk (19) The
average of the two diameters was used as a measuce of the tumour size Only am
mals with growing tumonrs were used

Vhea the average diatneter was from 12-16 mm oophorectory was carried out
The tumours Were then measured evers second day 5§ 8 davs after oophorectomy
the tumours were classified sa two groups

Group 1 Tumcurs in regression The aterage dameter decreased more than 4

mm
Group 2 Tumours which continued to grow

Alter classification of the twinours the rats were given 02 w8 (67 1) oestradiol
1787100 g bods weight by intramuscular injection (“ew Fngland “uclear LCorpo
ration speuific activity 166 uC/ug) The oestradioldH solution was prepared snd
punty checked as previousiv described (16) The rats were killed by decaprtation
12 2 and 4 hours after mnjection Tins pieces of tumonr hssue were taken ont

Y for die graphec (t 18) Contrul scctions from non
vadioactive tumour Us U¢ Were used for determmatian of unspecific labelling (15)
Other portions of the tumours were fixed m 4 per cent formaldehvde Sections
were cut at 5 g from paraffin hlocks and stammed with haematoxylin and cosin

Tumaour tissue and sheletal muscle were taken out for measnrement of radia
actinits  [n & cases the uptake of label mn prtuitary gland uterus and adrenal
glauds wwas also studied

After excision of the tumours passible necrotic areas were removed The tissue
was left 10 4 ml 05 N \aOHN over night and subsequentls Ireated in 2 Potter
Fhehlem homogenizer fitted with 2 Teflon pestle A second treatment was given
by ultrasomie disintegration for 3 muputes (\MSE 100 W 1 lrasoniec Disinte,rator)
1t this stage aliquols were tahen for hquid scinlillation countmg and protesn
determnation

Radivacttity nas eshimated i a hquid sermbillzbion system Naphthaleae 80 g
formic acxd 10 g PP O (75 diphencl oxazale) 5 g Dimethyl POPOP (14bis2
{4 methvl 5 Phenvloxazolsl} Beazene) 005 ¢ in ethanol 230 mi Diovan 385 ml and
<vlot 382 m}

24 hours after preparation the samples were counted in a Yquid scinttbstion
spectrometer (\uclear Chicage Mark 1 model 6860) In general at feast 10000
caunts wete recorded. Al counts were corrected for background activaly quenching
and counting efficiency The degree of guenchmng was calculated with external
standard (2) Protein detersinations were performed op diduted sliquots by
Lowry s method (33} Cobeentration of radioactivity in the tissues is expressed as
disintegrations per mmin/mg protesn The tumaur mus le rat: of radioactivity was

calculated for each tnmounr

RFSLITS

A total of 90 njected rats vielded 43 bro st tumours m 41 rats Nine
tamours were f1bro adenomata or & mixed hipe adenomaty which aid
no! respond to cophorectomy In some of the fibro-adenomatt prahifer
\lion of the eprthehium suggested patental malignancy
The 34 remuning tumours were adcnocarcinomatt After cophoree
toms 23 of these carcmomata showed regression as wmdictted by 1 de
crease 1 the awverage diameter (12 of thesc wre used for the present
studv) Eleven umours contmnued to grow afler cophorectonn "
The histological structure varied Same (umours shu\\v;l papxl m;\
tubnlar or acinar forms while S}EM“ (‘)f mzr(;)\m:ro;;;zcir::‘ u‘r:‘::‘p::"::
re obsemed wn others s 1 and =
fl(;lrlnsm‘l‘rcsho\wd muxtures of diffurent morphological {ypes \Iof;ll‘ u:‘::'z;
tumeours were well eneapsul ted bui in sonte ¢1ses tumour anfiitr
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were observed 1n mosl lumours from group 1 Flatenin, of the ep
thelium with merease m the tumen of the acini was frequentls scen
during the process of regression The concentration of rachoactivily n
the two tumour groups 15 shown 11 Table 1 Althoush therc 15 con
siderable variation between {he fumours withun the samc group the
tumour muscle ratio was distinctly higher 1n hormone responsne {u
mours (group 1} compared to unresponsive tumours {group 2)

TABIE 1
Concentration of Radiwactwity in Breast Tumours and S1eletal Muscle After the
Injection of 0° ug (67 3I)Oestradiol/ 100 G Body W eight

Radioactivity 1n Rat

Animal Response to Time after  ppmy, e

na oophoreetomy mjeetion pm/mg protews in Tumour

Tumatr Muscle Muscle
D7 Responsive 1> hour 1510 237 [Z3
D 3 Responsne 1480 292 50
D1g Responsive 2650 49” 54
D20 Responsne 1380 398 35
D1 Unresponsine 1 hour 464 252 18
D 5 Unresponsive 47 270 16
D& Unresponsne 515 219 5
D30 Unresponsne 1050 246 43
D1 Responsie 2 hours 1500 177 18
D13 Hesponsne 1460 85 172
D7 Responstie 1090 130 84
D8 Responsise 1000 120 133
D2 Unresponsive ? hours 477 70 69
D3 Unresponsine 347 9 37
D1 Unresponsine 1 82 54
D14 Unresponsne 305 3 21
D9 Responsise 4 hours 1810 N 191
D15 Responsite g0 70 98
D16 Responsive 799 7?7 1t
D17 Responsie 8a 57 155
D10 Unresponsise 4 hours 268 4 4?2
D1t Unresponsise 50 100 60
D18 Unresponsise 33 68 47

The caleulated ratios fell mnto two separate populations corrclated to
group 1 and group 2 1t will be secn (Fi, 3} that mn group 1 the
fumour muscle ratio mereased from 1, h up lo 4 h after mjeclion
of the labelled ocstradiol This mewns that the concenlration of radio
activily n muscle hissue decrensed rapydly during, this pe riod while the
tumour Gissue retammed 1 major frachion of the accumulaled e

activats R
nd the ritw tumour muscle i group 2 ol
Oy am fron Thus the tumours in s

stihtls mgher 2 0 and 4 h after inpec



2
1 RESPONSIVE
TuMouRs.
©
1 UNRESPONSI €
1 TUMQURS.
W n n

Fig 3
The ratio of concentration of radioactivits in tumcur muscle tissue is given for
group 1 and group 2 tumours Each point on the eunve represents the median value
of 4 turours The range of the observations Js indicaled by the vertical bars

group do not relain the labeiled oestradiol to the same exlent as tu
mours 1n group 1

The conceniralion of radioactiaty m adrenal gland uterus and
pituitary gland was not sigmificantly different in the two pronps

Autoradiography revealed 1 marked accumulation of radioactividy in
tumours from hoth groups In agreement with the results of the meas
urements the conceniration of silver gramns seemied 1o be higher 1n
group 1 tumours than m group 2 The tumour cells were more heavly
labelled than those of the stroma i all sections The distribulion of
the label was essentially the same at all observed wnter 1ls after the
admmistration of oestradiol *H The majority of siher gramns scemed
1o be stuated in the tumour cell nucler (Fi 4) A strihimg, number of
gramns were however found close to the nuclear membrane (T, B)
Accordingly wath the use of hibt microscopy 1 15 difficult 1o decide
whether the label 1s on the cytoplasmic or the nuclear side Some

Erams were also present in the eytoplasm of the tumour cells dislinetly
separated from the nuclear membrane (kig 6)

DISCLssLIQN

Adinocareinoma of the breast in rats ¢ be dinided nto hormo
responsive and hormone unresponsive groups dependin, on the (fl'rcwl
of oophorectomy So far satisfactory crileria are not availbt l'C
prediction of the individual response of a tumour The hist, )Ic OVI
slructure dors not permit conclusions as 1o wWhich tumour v nllo oo
and which will continue to prow afler oophorectomy The foc [l'(';,l'l "
of oestrogens in tumour tissue may yield valuable nformat, o
respeet () on mn this
In our studs measurement of radoactisily as yop as
eraphy revealed that tumours from both groups Sccumulaye "mllor v
ocstradiol There wis however a dishinet Gifferene, m (;cm’ thed
capaey of the tumours The hormone responsnye ‘\\mo“l,.(; Il‘)”l”u-
ul
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Figs 4-C
estradiol m DMBA induced hreast tumours 1 hase

Distribution of tritum labelied

contrast photemicrographs of autoradiographs exjoscd for 8 wechs at —30 C

Unstasned scctions 05 p thiel Some "t the silver grains in the strip ping lm apy car
Bt due to focus 1 a shghtly different plane

1 in o hormene responsie tumour X

Fig 3 Distinet labelling of the cell nucles
26
I'tg » Silver graos are frequently located near the nuclear membrane X 2000
m the evtoplasm ¢f tumour cells Hormone

Fig 6 Silver gramns 2T

¢ also seen
unresponsive tumour

x 3700



igher uplake of vesiratiol compared fo the hormone unresponsise

tumours This obsersation 1s in agreement with the findings published
by Wobbs (14)

In her study the growth response to ovanectomy was assessed fol
lowing hapsy of the tumours Biopsy makes 1t possible to measure the
uptake capacity hefore the eftect of ovanectamy is mtreduced How
ever any suryieal wtervention may wfluence tumour growth by wnter
ference with the loeal blood supply or by causing an nflammators
reaction

In our study the tumour was left intact and the operative procedure
was restricted to oophorectomy Thus the possible vanations i oestra
diol uptake due io the oestrus cycle were minimized

We examined the uptake capacity after oophorectomy when the
hormonal balince of the host was changed and regression mduced m
some of the tumours Thus lhe possibility exists that the observed
difference 1n uptale capacity was due to regression wn group 1 tu
mours Therefore the examinations were carried out before the process
of regression in group 1 tumours was advanced

Our hindings mdicale that the oestradiol uptake depends on indwi
dual charaelensties of the tumour The observed correlation between
castration response and uptahe ¢apacity i these tumours 1s conststent
with the results published by Mobbs (14)

Fibro adenomata ts hnown to occur i rals whether or not they are
treated walh carcinogens although the madence may be nfluenced by
the carcino-en (9) The fibro adenomata s not discussed w1 thus studs
The listology of DMBA induced breast tumours has been described 1n



Figs 31

Distribution of tntium labelled vestradiol 1n DMBA mnduced breast tum wurs | hase

contrast photomicrographs of aut)radingraphs cxpesed for 8 weehs at —30 (

Unstamned sections 05  thich Some af the silver grains in the stripping film apy ar
white due to focus in a shightly different plane

Fig § Distinct labelling «f the cell nuclel in a hormonc responsive tumour x
2600

Fig 5 Silver grains are frequently located near the nuclear membrane ¥ 7000
Fig 6 Silier grains are also seen In the cvtoplasm of lum ur cells Hormone
unresponsive tumour X 3700
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712 dimethylbenz(a)anthracene {DVIBA) and oum)y prowing ~wdeno
cirainomat 1 were examned

Yollowing oophorectomy the tumours were classified as hormone
TESPODSING 0T unresponsiye The uptake capicily of the tumours was
determmed % 2 and 4 hours after mlramuscular injection of oesir
ol Tn agreement with previons mvestigations it was found that
hormone respopstve tumours accumulite distinetly more ocstradiol
than unresponsse lumours Thue there seems Lo be 1 sinificant
correlation between the response to oophorectomy and the uptake ea
pacity for oestradiot

Autoridiography revealed a marked labelln, of tumour cells in
hormene resportsive as well as unresponsie fumours The labelled
oestrachel was found mamly 1n the nucler of the tumour eells The
distribution of siver prams was nol apparenlly different m the two
tumour groups Quite some siver grams were also present over ihe
eytoplism distinetly separated from the nuclcar membrane The resulis
are discussed with refirence to ecfl fractionation studies and provious
reparts on the uptake of gestradiol in DMBA induccd breast tumours
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Chrome granulomatous disease (CGD) s a well defined and fatal
syndrome of childhood characterized by nadequate bacteriadal func
tion of neutrophil granulocytes Yhen first described the emphasts
was placed on the tissue histiocyle and the granulom2 as evidenced
by futles of the studies by Landing & Shirhey (1957) A syndrome of
recurrent infection and nfiltiatien of the viscera by pigmented bmd
lustiocytes  and by Berendes ef al (1957) A fatal granulomatosus
of childhood  In 1966 Holmes and her co worhers demonstrated that
leucocyles from affected patients could mgest but not digest ensiron
mental bactenia VWith the electron microscope CGD neutrophils have
shown persistence of morphologieally mntact bacleria 1 the cytoplasm
after phagocslosis in vifro (Quie et al 1967) whereas m normal neutro
phils the bacteria were seen m all stanes of digestion

The purpose of this paper 15 to describe the histopathological features
of three cases of CGD and fo re cmphasize the value of the col

mhnation
of pigmented histioevtes and gr )| 1 the histol 1 d
of this disease

Chntcal Feofnres

Lntl recently €GD was regarded ss an X linked recessive disease mamifestimg
sell only tn boys However Baehmer & Sathan (19.72) described a female pa
tient a product of a first cousin marriage More recentls the syndrome has been
dlagnosed an three megro wsters born $n healthy non comsanguineous parenis
(4 tmi ¢t al 1969) A posuible explanation of these confheting findings 1s that

This study §s supported §n part by a grant (to PSS) b;
tln;;an ot e P 3 a g ( ) by the Charles Percey Foun
2lients T and 7 werg followed in the Paediatric Department (Head P Pl
em)
:;:Je":: u;: Chﬂdr‘en; ':H‘erxﬂl)] Clin ¢ (Head k. Wilken Jensen) Rigshosmitalet
a large part of their jfilness We thaak the a
employ the clinical dats of these patients bove perions for permmission to

n
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there mav be several genelfealh determined defects in the bacterierdal capaests of
neutrophils which may gie nise to identical chinrcal patterns which eannot be
separated by current techmques

The hallmark of this disease 15 the onsel earls Infancy of repeated infections
Typeally these are chrome and 1 had, drain
ing ahscesses  parenchymatous granulomas especially of the lung and snfccted
dermatitis often facial and pertarifictal 4 wide 1aricty of organisms frequently
staphylococes has been cultured from these lesions

No defects of immunoglobuling have been detected apd diffuse hypergamnta
flobubinaemia 1s often a prominent feature The abihity 1o form circulating ants
badees in response to 15 d Studies on eellular
immuntty have Il ewise farled to disulose any defect Peripheral blood leucocy te
counts and morphelagy are normal, and the e patients respond to nfection with
neutrophil lencacy tosts

Phagocy tic capacity of neutrophils is normal but their bacterictdal capaeity is
deficient  and degranulation and svacuolization after phagocvtosis 1s mimimal
{(Holmes et al 1966 Quie et al 19€7) Thus neutrophuls are ahle to ingest hacteria
normally but cannot destroy them af a normal rafe Mo defects of lvsasomal
catabalic enzvmes have been demopstrated n CCD neatroplls howeser after
phagoey tosis these enzymes are not released inta the phagoe) tic vacuole Likewrse
leycocytes fail to reduce mitroblue fetrazohum followmg phagocitosss and this
property has become the basts of a clinical sereening test (Bachner t Nathan
1967) The carrter female has been shown to have twe populations of leucocsles
approsimately equal ip wize one that fupchions normally and one that is delectine
(Wandhorst ef al 1367 Andersen ef ol 1968)

MATERIAL SND METHODS

The tissue available for study stems from three Lovs suffemng from CCD iso
brothers whose hictories have been presented in detwl by Andersen el al (1968)
and one of the twa siblinys With CGD studied in another instifufion (Jans €

Huber 1967)

rase { Bov born m 1949 Recurrent jafections began at 3 months of age ton
sillitis  Ivmphadenstis of the neckh which required surgical dratnage on several
ronchitis gingivitls and fis ures in the ecrners of the
mouth At the age of three vears and a half ke was hosprtalize ] with fiver and
diarrhea He remained in hospital with septic fevers and anaema until his death
6 meaths later The terminal infection was a subphrenic abscess “ecrop y fno
NS 382/52) was performed and showed hepatic abscesses empiema and pnen
moma. and Hbrnopurulent pertarditis Pertinent laborators data include normal
grapulocyvte and Jymphocy te counts and lencocytosss during tecti ns

e 2 & brother of case 1 born In 1929 Infections bevan at the age of 8
m::l‘hs an-l:ihintludcd pouts of ofilrs media Nmphadeartis of the neck requiring
tepeated Inmsions  blepharitis  pananitia and eczematous lesions abcut the nose
and mouth At the age of 7 vears after a ssmplom free perred of nearly 18 months
he was hospitabzed for drawnace of ecrn 1cal lymy hadenitis Shortly thereafter he
fhad a subphrentc abs ess drained imjroved and was #i hoarged He descloped
septac ferer snd died at home at the age of nearly 8 vears Necropsy was not ym;
formed but during the conrse of his slness < veral surgieal biopsies were nbtagned

Pertinent laboratory dafa welude normal or elesated granul cvte and hmphotyte
encacylosis during infections Serum gamma ¢l bulins were elnulcd{
Reastions of delased hipersenutnaty conli be ehieited Phacocstic capacity o
veatrophits nas examuned on tno oeeasions { 1961 aad 1977 and way norma

hagooyiosis mevtrophtls shoned morphol gicalls intact imgested staphylo
Mer r % e depranulation or vawwolization The nuclel of the phagocytiting
;::\'uk::\(c: gradually became pyknotie and fragmeated demonstrating the death
of the cells

counts and )

itis

i a histacy of recurring otitls and Ivmy haden!

Tbcnztagnu‘:lss(;;K.Cr(fgd\\l;rsvc:n‘hrmzd by the (nalelits of the patlents neutrophlls
e d
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Isodes
to destroy mgested hacteria (Jans & Huber 1967) e died after recurring ep!
of heu;h f}e\ur Liver tissue from the autopss was hindhy placed at our disposal by
Dr J Huber
Tissues were fived 1 formalin and paraffin embedded in the usual maaner In
addition to the routine stamns scchions were staned by the periodic acid Schaff
techoique Sudan Black  Zachl \eelsen Gram toluidine blue and 1ron stains

Slides were also examined with polarized hight and under the fluorescence micro
seope

Pathology

The following histopathological deseription represents 2 synthesss of
all the available materal from the three cises

Morph: Iy the d hipid histiocvie 1s a cell with a single
pucleus and pigmented eytoplasm In unstamed preparations and m
haematoxyhn eosin stained preparations the pigment 1s yellow brown
It 1s present as a diffuse apparently non granular pigment distribuied
throughout the cvioplasm This pigment 1s present 1n both fresh frozen
and formalm frxed paraffin embedded hissue In addition fo the diffusc
cytoplasmic pigment these cells often have coarse dark brown granules
of varying sizes mn the cytoplasm These granules have histochemical
properties similar to the cytoplasmic pigment The pigmented cell 1s
most readily recognized i shghtly d hight and we have found
this useful m examimin, H & E staned shdes

Topographrcally pigmented histioeytes are found in lymph nodes
splecn Inver lungs and colon This distnibution 1s m accord with that
described by Carson ef al (196a)

Histochemieally the pi,ment 15 strongly sudanophilic even m pa
ratfin sections varably PAS positive and weakly acid fast It 1s ortho
chromatic 1 toluidine blue and demonstrates autofluorescense No
irefringence 1s noted n polarized light Gram and Zieh! Neelsen stains
for orgamisms are nejative The pigment 1s 1ron negative

In the lymph nodes the characteristic lesions are pigmented histio
cytes and caseating granulomas (Figs 1 2 and 5) Pigmented tustio
cyles are numerous They are localed around and between the granulo
mas and are also present in areas with marked sinus histioey tosis but
wilh no nearby granul Within d d histiocytes
are olten seen m clusters of 4 to 8 cells They are occasionally seen in
the peripherv of lvmphesd follicles but not in the germmal centres The

negmented cell ss niok 2 tonshituent of the grannloma 1tself It should be
X that many ¢ 1 have no adjacent prigmented histio
cytes

The granulomas are often caseating and bear a strihing resemblince
10 \uberculous granulomas ncluding gant cells of the Langhans type
The stmlaniy 1s such that in many cases mcluding one of ours the
;ﬂlll:llbhlsluloglcal diagnosis 1s tuberculosis but all stans and cullures
or lubercle bacilli are negative Increased numbers of

ool Tocs of plasma cells are

In the spleen pigmented histiocytes are found 1n the sinusoids of the
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Figs 19

Fig 1 Lymph node case 2 The margin of a characteristic Ivmpli node granuloma
This emonst the o tubcrenlosss with central
necrosis and giant cells Haemaotoxylin and Ihsin x 140

Fig 2 Lymph node case » Pigmented iphd histiocytes n the medullary portion of

& lymph node Nole the large size of the cells and the strong Sudanophilia.

Sudan Black X 450
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Figs 3 4

Fig 3 U1 er case 3 The large deeply staing cells are swollen hupffer cells con
taing the pigment charactenstic of the disease This photograph illus
tratcs the large numbers of pi,mented cells present in most areas of the
Iiver and the ease with whi h they may be recogmzed Periodic acid Schiff
X 140
Fig 3 Colon case 1 A tangentsal section to show the lamine propma above the
wayy mu ctulans mucosae and the sub mucosa below Note the darkly
staining histiocs tes located 1n the Jamna propria Sudam Black X 350
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Figs 4
Fig o Lvmph node case 2 A medullary portion of a node similar to that in
Fig 2 tllustrating the PAS posithre histioeytes Periolic acid Schatf x 430
Fip 6 Liver case 1 A portsl area of the ler to show slight chronic waflammation
and numerous large PAS positive histioestes Derlodie perd Sehifl x 350
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red pulp 1 a pernvascular distribution and 1 the penifollicular col
lars Mo granulomas are found Plasma cclls are mcreased 1 number
and are often binucleatc There seems to be an overall hypocelhularty
at the expence of the white pulp That 1s the expected reactive hyper
plasia of hvopomd follicles 1s not present

In the lwer the features are pigmented phagocytic cedls chrome
flammation and granulomas {Figs 3 and 6) MNonspeafic chromic w
flammation 1s present i the portal areas and granulomas both caseal
g nd non caseating are common Heahng by patchy fibrotie scars 1s
promunent Prgmented Mustiocstes are found in the portal areas and
are mcorporated wto many of the fibrous sears Another striking
feature 1s the presence of pigment morphologieally and histochemcally
indistmguishable from thal seen sn other histioevies within a great
number of hupffer cells Such pignient laden huplfer cells are snollen
and at fimes nearly fill simusoids

In the colon chronic nonspeetfic inflammation and pigmented histio
evles are the strihang fealures Pigmented histiocytes are present i the
famina propria m large numbers (Fig 4} Seatiered pigmented cells are
present n the submucosa and as noted m other organs their location
1s often perivascular Soliary Ivmpoid follicles contain premented
histiocytes and n this respect resemble the findings 1 the lymph nodes

The changes 1n the lungs are domuated by severe widispread pneu
moma Most of the granulomas are small and range from caseatmy
1 { to ! with varying amounts of nter
ceitular hyaline material The latter which are the most numerous
have a rescnblance to sarcordosis because of thus pecuhar hyalimization
Occastonal solitary giant cells are found within alvcol and septae A
few piumented histiocytes are seen m the wterstiium 1 a pern ascular
loeation None are seen 1n the zranulemas

Shin bropstes show acute and chronic suppuratise inflammation with

Ne d histioey tes are noted

I all scetrons exammed a special search was made for the presence
of pigmented cells within blood vessels In no instance could we con
clusively point te a eell with cytoplasmuic pigment similar to that seen
n issues Bone marrow aspirates are 1lso negative 1n this respect

DISCUSSION

€GB presents certain characteristic features on the basts of which an
aecurate mstological diagnosis may be established As deseribed n our
mteril the following histological eriteria mav be used

3 The most consy lesion 1s the granaul, {1ssue reaction
often of the tuberculotd tvpe These appear 1n a variety of deselop
mental forms but here as 1n other granulomatous diseases they have
o ditgnostic speaificity per se

2 Pugmented ynd histiocytes which may be distnbuled throughont
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the reticuloendothelinl system They are found adjacent to hut not as
2 part of pranulomas s 1solated cells or clusters of cells n non granu
lomntous ares and often 1 perisascular or sinusoidal distribufion
3 Plasmacyltic cellular proliferation the morphologtcal counterpart
of the hypergammaglobulinacmia frequently present in these pttients
On the basis of these histiologic criteria especially the pigmented
lipid hustiocs te an combinatson wilh the granyloma one can confidentls
suggest the dingnosis of CGD In a large vanely of other granulomatous
diseases of known and unhnown 2ctiology re examined m tlus wshilute
we have not encountered such pigment Inden cells by routine and speaitl
stawns
A finding that mas hwe dingnostic importance chimeally 1s the pro
sence of pigmented histiocy tes in the gastromtestin il tract In the colon
these cells were prominent in the autopsied case and they were found
mn all of 6 autopsy ¢ases of CGD reported by Carson et al (1965) It
would therefore scem justified to explore the value of rectil micosil
biopsy as a diagnostic screeming adjunct particularly i siuations
where finematoflogical fests for the disease are not readily 1vaulable
The nature of the pigment 1s unknown Imtally characterized as a
hpochrome there has been little further progress i this direction Our
studies generalily confirm those of Landing (1957) The pigment 1s in
soluble 1n roufine fissue processin., sirengly sudanophilic varmbly
PAS posiiive weakly acid fast by the Z1eh! \celsen technique and ron
negative Intracellular orgamisms cannot be reco.nized Whether this
pisment represents indiestible  bacterial residues or refleets 2 meta
bolic aberration with medaholite accumulation in the histioeste 18 not
known The former possibihiy brings to mund the PAS positnne evlo
plasmic bodies present 1in Whipple s disease which by electron micro
scopsy have been shown to be of haclerial ongin—both intact and de
generating argamsnis (Rostganrd 1964) A recen! ullrastructural sindy
of splenic histiocytes obtmined at autopsy from 2 patient sk CGD did
nol guve any clue as to the ongin of the pigment (Bartman el al 1967)
Patients with CGD react fo ordinary pathogons such as staphylococer
by the formation of granulomas In normal mdiiduals these bacleria
are not associated with granuloma formation An anilogy has been
made between patienls with CGD and normal patients infected with
orzamsms capable of sursiving within mononuclear cells (Holmes ef al
1066) Tt 15 well known that Mycobacterin Brucelln and Lastera (it
granulom+ mducing infectine 1gents) are capable not onhy of sursivng
but also of multiplving within phagoestes The parallel 15 drwn be
n {he intracellular surinal of thise speeinl myero organisms in
macrophages of normal hosts and the survinal of ordinany .h wtcna
tropiuls that are to use Aaftle s lerm mpolent (1967) How
1 neutrop 1 s (hy stecll} nat sulficient to
atracellular survnval of acterm 2l
ever 1 hich so demands the estahhishment
explam granutoma form wion v R ; % Inndslep 1997)
of cellplar ymmunits (Jensen el al 103 Jensen e

tweel
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"The functional stalt of the hissue phagocvies CGD 1s not known
1f the enfire celtular bacterieidal system was deficient 1t would be ex
preted that these patients would die with thar furst snfechion Further
mare 1t 15 established that macropha,es re necessary {or the full deve
lopment of immune reactions (Suler & hamseter 1963) Swnee both
humoral and cellular 1mmunity are wmtact w childien with CGD 1t
seems 1mprobable that the macrophages of fhese patients are as in
compelent as the peutrophuls In this conncction 1t may be of wmport
ance to note that none of the children sufferin., from CGD have becn
reported lo have tuberculosis or any of the other discases associated
with the survival of the wnfecting arganisms within tissue macrophages
Moreoser the bactera which infect CGD patients and survise within
therr nepirophis htse not been observed wathin hissue macrophages
Finallv when one compares neutrophis and monoestes from (GD
Dlood during phagoeytosis i vitro it 1s evident that the bactena thrne
and multiply within the neutrophils (Holmes el al 1966 Andersen et al
196%) but rapidly become smaller assume 1 fuzzy outlne and are
newir seen fo divide withm the monoestes This mdicates that mono
cyles ave probably capable of destroving the mngested bacteria The in
direct evidence cited above suwgests to us that CGD 1 primarily f not
enlirely a disorder of neutrophil granulocvtes and that other phago
evir cells of the body have at Icast some degree of norma? function

SUMMARY

The pathological findimn,s w three patients with Chrome Granulomatons

Diseasc {CGD) are presented Special emphasis 15 placed on the pathe
anemonie hustological binat

of ted macroph, and
grantloma formation The macrophages which contain a <ellow
sudangphitlic PAS positive pigment are found dispersed m the tissues
Thesr preseace m the submucosa and Iamun prapra of the Irge i
(l,?(‘;gf) suggesls that rectal bopsv mav be of help m the dla;,nnsus

Umimpaired phagocytons but defective hacterrcidal capaaty of the
Duatrophil , ranalocs bes has been demonstrated i this disease Fuidence
1s presented that the other phagocyhic cells of these patrents do show
st some degree of normal Tunction
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faleroscope the final pellet was suspended {n sahine and {sometimes divided o
aliquots of 2-3 1) injected 1 m 1nto thre week ald ehickens strain W hite Leghorn
Yo another series of newbien rats injected with RSY as sborve the ingectien site was
exersed on the first day and an every second dav after the fnjection until the time
when tumours appeared 1n other rafs of the same serits The speuumen from the
Infection sie was dnaded 1n two parts one was processed far examination s the
electron microscope the other homogenized and 1nyected into chichens
In Table 1 the records of the rats wath custs and sareomas are presented

TABIE 1
Tnyection of Rous ¥ trus (SR) and Development of Selid Tumonrs (@} and
Haemorshagic Cyats f0) i a Seres of New Born Rats

ANIMAL
NO
13 "
12 .

ANW AVD VDS S
)

o - DEVELOPHENT OF
b - o HEMORRHAGIC CYST

L - © SOLID SARCOMATOUS TUMOR
y 5 10 15 2 25
s ASE WEEKS

+ indicates that sirus ble partickes nere fonnd at the electron
raicroscopie examlnation

he animals at varfous
1 ricroscopy ‘Tissue specimens were removed from t
ml};’rzxpa;:';:do;c a{;x: after tumour devclopment S):r:-eini r;a)rc ):wsbui;c;! ;Iumrlzb‘::'lrr;
! the tumour Tisstte hlocks abcu!
representathe tissue from all parts o T e
aldehyde saline (pH adjuster
cut and fised as soon as possthle in 3 per eunt glatar, ¢ (oM adjusted
{fered saline) for between 4 ours
to 72 with a fen drops of phosphatc bu. betucen 4 24 hour o
fered saline the specaimens were postfixed 3 pel X
“:x;':;.‘:\gc l(“ll:;flc.;cLuﬂ 19¢5) salution for 60 min at +4 C Repeated “ns’h‘[ng' was
;nlhlmrd by drhvdration tn geaded ethaacl The cr{ﬂ:cldd;lm‘zg‘s\xa; ;%nrfor:)n;tmensp::}n
diate 3 lven 2 ome
812 with propylen oxide 83 an mierme e enbers 19:8) Sectioming
e a) {according o Ryter € hellenbery
S oot on 3 LT Lltrat e and ihi. 5 tummen Arhts wire e<amined In &
s

Zetss EV 9 eleciron microscope
RArLsLLTS

t sarcomt 55 shown i Fig 1
rastructural Aappearance of Rous ra
::’s“‘):l((hc Iight nucroscepe twa different tipes of cclis cin he distm

“"Os’tdls elongted having a large “Mown up nncieus with a Dinedy
]
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Fig 1
Partly necrotie tumaur from anmmal o 12 macroscopically eudent for wier 4
months before speamen was examined In the upper Dteld Is seen a sarcoma cell
with blown np tnucleus Just below and 1o the Jeft of the ventre the other type of
cell it seen A granutosyte {s seen a5 enmparison X 3408

stnular appearance and 23 2 vule 2 small centrally located nucleolus
The nuclear membrane 1s usually smosth but someltes indentations
or other wregulartfwes ar¢ seen The cptoplasm conlamns a well dove
topedt rough endoplismatic reticuium A few reunded mutochondrine
are found In general the appearance of thas cell ss closely selated to
hat of 1t Dibsoblasts and as can be seen in the Higure bundles of
colt ygen micriace between the colls

The other celt 1 generally smalier more wreguiandy outhned ang
often shows wrregulanthies or wioldings of the nuclear membrane with
heeny condensation of 1he nuciear chromatin slong the nyembrane The
e3loplasm shows a few seattered cell organelles mostly primiine mito
<hondre Oceanionally “dense bodies  are found

M rrus particles were seldom found on eleclron smierascopic analysis
of excised tissue from the mpection site In Fig 2 13 demonstrated an
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Figs 8-9

Fig 8 Survey picture of a part of the cytoplasm of a tmmour cell containing varinus
cell organelles of unhnown origin This unusual field demonstrates a possible
source of false virus lihe particles Animal N> 17 X 37500

Fig 9 High magnification of one of the virus like particles in Iig 8 Partidle size
5 mu X 67500

of the a"bdomina! aort1r A few axallary cysts were found but were not
cxamined So far no virus lthe particles were seen in the esst walls
Rat No 13 showed a pen sized metastasis at the mesenternl attach
ment of the small intestine No sirus Iihe parhieles were found in the
melastasis
.



transferred Rous rat sarcomas were studied m Lhe electron microscope
In none of them were virus hhe particles observed

1t must be stressed that the number of particles Was very low 1n all
{he sarcomas In one of the tumours (ammal No 8) no particles were
ohsersed and 1n another tumour (Mo 5) the parlicies observed conld
not be classifted {indrcated by a queshion mar] n Table 1)

Homogenates from the RR sarcomas mjecied mto chichens did not
elicit iy tumeurs nor could nfectious virus be found m the fissue
from the myection site from the third day onwards The chickens were
observed for about 6 months Lxcised homogemized tissue from the

mjection sile the day aftcr the mjechion of RSV subseguently wndneed
sarcomas int chichens

DISCUSSION

By the elcctron microscope wirus hke particles have been found n
many experimental and other tumours Critical interpretation of the
findings has pomnted out many difficullies and pitfalls 2 e passenger
virses  socretory granules vestculated struclures contmming dense
materal or tangentially sectioned cell organelles (Bcrnhard 1958 1960
Gross 1961 Smuth et al 1964 Benyesh Velmel el ol 1964 Dptochovs/t
el al 1961 Anderson 1965 Arnoult & Hagutnau 1966)

The morphology of the Rous virns parheles 1s well hnown (Bern
hard ef al 1908 Epsten 1906 and 1958 Haguenau e! al 1960 1nd 1962
Dourmashitn & Sungns 1961} The RSV belongs to the avian lencosis
sarcoma complex showing a double or triple layered outer membrane
surraunding, a dense nucleord of RNA The RSV parficles have a din
melcr of about 75 mu (Bernhard et al 1956) or rather less (Gaglord
1958} while athers (Haguenan & Beard 1962) have found 70-80 mp

The particles observed 1 this mvestigation were akim to virns of the
astan leacosts group in thesr morphology but were generally found to
111’1\(\)0 n}dmmclcr slizhtly shove the values quoted (from 80 my to

Mg

The fact that only very few particles were fonnd 1s not remarkable
as they are rarely seen even in the Rous sarcoma in ehicken One Virus
producing cell per 50 tumour cells 1n Ingh producing sarcomas to one
surus releasing ecld per 3088 1 the low producing tumours {Epstein
1956 1948) and onls a few virus particles per section from these cells

Tt seems anlehely that the observed particles represent an mdigenous
‘1rus already prescnt n the rats Thev oceurred at the sile of the nyected
Mrus suspension ond m the primary sobd sarcomas only not m the
:)sl Walls ot in the serally transplanted tumours It 1s more diffrcult

0 exclude the possibulity that the particles are mmpurities 1n the n
)ncclcd matertal 1t secms Dkely that some of the strucfures of unhnosn

Tl demonstrated y Fy, S represent phagotyhized impurities Therr
non sirus malure conld be revealed by examiation of serial sechony
13
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and they could clearly be distmpmshed from the abserved structures
having the morphologieal character of virus of the avian feucosis group

If 1t 15 assumed that the particles observed represent Rous virus
they nught esther have been synthebisized by {he sarcoma cells or been
transparted mnte the cell via phagocstosis or pmoeytosis from the
Jected virus suspension The fact that the partscles were found intra
ccihularidy 1s consistent with phagocytatic 1ctiy ity It 1s difficult how
ever {o nndursland how phagoevlized virus particles can remam
scemingly unaffected for several months undestroyed by Ivsosomal
enzymes i the cells It mught be that the ouler enyvelopes of the par-
ticles render them resistant to sntracellular destruclsve forces for a
consyderable bime

Intraceltutarily focated virus particles are well known in the munme
teukaemm and mifk apent systems Type A according te Bernhard €
Guérin (39o8) nd Bernhard (1960} or the sub group A 1s proposed
by de Harven (1862) 1s thought to remun intraceliulandy for 4 lon,
time but shew the chiracteristic doughnut appearince and do not
achiere the dense contrid nucleard untl released extracellulrih 2 e
as type C partacles It has been shown that mouse fetrhaemst sirus can
wduce feuhaenna i rat 0 the eleclyon microseope both type A and C
particles 1s well 1s budding phenomena are found (Dmachovskt et al
1962 and 1964) The morphologs and <ize of the C particics 1re com
parable with the particles found i the present imestigsbion and ihe
possthnlity that they represent passenger virns cannol be cxeluded
Synthesis of virus pariticles has been observed i meningeal sarcomas
mn dogs induced by intracetual mgection of RSY (Rabollr ¢f al 1966
Bucaarelli el al 1967) The particles were seen budding, from cell
membrnes mostly from the outer membrane but also into mtracellular
vesicles The oceurrence of virus particles in Rous sarcomt m dogs
favours the hypothesis that the particles ohserved are synthetisized by
the sarcomn cells However m no seclion so far examsned has there
been amy sign of verns formation 3 the cell membranes (or m the
noghbaurhoad of the Golm complex) s observed by Buccurells of al
{1967) wn the memmngual tumours

Biologic ! testing of the virulunce of the virus particles observed m
{he meningeal sarcoma pave negalne resulls as well as the natogreat
assav 1n the present work The fasture to demonstrate mfectnvaty mht
be expluned by the low number of wieus parlicies found n the it
sarcoma celis

The observation tht virus partseles were found onjy mn one of it
t sircama which can be idintshied sn

1t the Reus 4l
two ypes of cells m th et

the cleelron mucrascope warrants further mvestittions Two @
on m Rous sarcomas w chichen 1t s aot kpowsn how
nthesize infuelious \irus

ticles an the esst wlls conflirms the ob

fectious 3irus 15 pot present an the

cells are also se
ever whether both of these 53

The absence of virus tike par
servation made by others that
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hid sarcoma howerer
1s (Spoboda & Gro.danepd 13529) As w the sol

il‘us’ s\t(ral genome 38 telwned w the cyst walls (Svel Voldavshy &
Scorskora 1960 Vunroe & Southam 1964}

SUMAMARY

~eoplastic kesions {sohid sareomas Tremorrhase cpste) induced m rats
by Rous sarcoma virus {stram SR} were studsed in the eleciron micrd
seope In 3 out of § ral sarcomas sparse 1irus like parhicles were seen
They were focabized intracellulanh and thewr morphology were akin
to that of {he avian sarcoma leucosts group At the site of the mjected
RS\ simitar parircles were observed In the haemosrha,ie eysts or in

senaliv transferred sarcomas no parhicles were found The nature of
the virus ihe partieles 1s discussed
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IMMUNOFLUORESCENT TECNIQUE
USED IN THE STUDY OF SERUM
TROM PATIENTS WITH MULTIPLE SCLEROSIS, FOR
ANTIBODIES TO PAPAINIZED BRAIN TISSUE

By
Hass Diepegicrsey and InNGFBore Coswvus PavoT

Becerved 411 €8

Since 1934 when Sachs & Stewner (7) demonstrated the presence of
complement frxing antibodses to bram hissue extract m the sera of
patients with muluple sclerosts many attempls have been made to
demonstrate anhibodtes to bramn fissue in patients suffering from this
disease but with very yarymg results Applying the complement
fixation techmque the frequency of positive results varies from 83 3
per cent (5) 1o 0 p r cent (4) of Lhe cases imycshigated

Ross (6) using a trypsin extract of homogenized brain fissue 15 an
anligen found positive reactions in 40 per cent of patients with mul
Liple sclerosis compared with 2 per cent in normil mdisiduals by
means of the Quchterlony gel diffusion techmique Bs indirect immuno
finoresceny stamnsng Allerand & Yalr (1) found fluorescence of ghal
cells and myelm sheaths after meubstion with sera from pitients with
mullipke sclerosis and other neurclogical disorders as well as from
normal individuals

The resulls obtamned bv Ross (6} might indicate the presence of
antibodies to enzymatically degraded bramn hissue paticnts wath
multipte sclerosts The purpose of the present study 1s lo employ the
sedirect immunoffuorescent fechnique of Coons (2 10 the nveshgabion
of eirculating antibodies to bram tissie sections which hase been cx
poscd for a brief period to the proteolylic enzvme papam and to com
Pare the results obtamed when non papumzed scehions were studied

MATERIAL

Antigen Cortex and subcortical ¥ hute matter from a
normal paneto o cipital lobe
vemaved durlng operation frozen In liquid oxygen Jess than three hears afe e
On;rnl;un, and stared at —40 C until use
rotealytic en yime Papajn Merch 17000 umts/g Emploved 1n a concentratu,
on
O 81 ner cemt §n 89 per cent Nall During prelimunary experiments higher con
sentratlons were found ta cause pronounced destruction of the tissue
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Flunresceun-canjugated antihuman globulin 13oph
phihized commercial 1 reparaty

from \:en(nx l‘ ml ;f l}\z d;}ss’ol\ ed preparation was ahsorbed far lhlrl,vll;ﬁ:ttsmlnl
room temperature by Iyephilized human bran
e rain in ordec to reduce non specilic

Phosphate buflered stftne 015 M \aCl snd 001 3

phasphate butfer pH 72

PRosphate buffere ! glucerine saline Faual volu 3

I et L S q volumes of glveerine and phosy hate

METHOD

Tissue se tons 5 microns thick were cut in a ervostate st —20 G, transferred to
glass shdes and air dried for at least thirly minutes at room lemperature M
sections were used the same das

The mounted sections were mmersed for ane minute in a 0t per cent solution of
papain and then washed faur times over periods of one minute yn phosphate buf
fered saline After being paparnized the sections were first tncubated in a moist
chamber with one drog of serum for thiet  minutes at room fempersture They
were then washed n phosphate huffered saline for three periods of fne minutes
each After Washiog the sections were fncubated with one drop of fuarescein
conjugated antihuman globulin in a messt chamber for thirty minutes zt r om
temperature Then the sechions were washed again with phosphate buffered <aline
for three pertods of five munutes each The surface of the glass shdes around the
sections was dried thoroughly after each wasting The sections were covered 1 ith
phosphate buffered glhcerine saline and cover shides

Sectious not treated with papain and nat washed were inenbated in the same
way with serum and fluorescrin conyugated antihuman globube

Reading was carried nut emploring a Zey s fluorescence micrrscore with an
Osram HBO mercors lamp exaiter Dlter 115 and barner filler 44 nm Dark field
coundenser scas applted For photcgraphy Fetachrome film was 6 ed Fxposure time
fifteen scconds

We studied sera from twents five patients with multiple scleross {n all phases
of the disease <era from eight patients with choleevstitis and <era from thirty
healthy blood donors Il sera were stored at ~40 € hef re bewng u cd

Al sera were studied 1u the undiluted stage and diluted 1 30 with both pa
pammized and non papaiized prain Gissues

RESLITS

In non papunized unficed sections fluoreseence of seattered fibrons
astrociles m the whte malter was found with undiluled sury from
patients wilh multple selerosis and cholecyshiis and from heaihy
donors (Fig 1) The stammng w s relatnely werk wid not 2l astre
cvles 1 the seehion seemed to stun The fluoreseence was loealized to
the cvloptasm and the ghiaf processes The cell nueiens dud pol stan
The mtenstty of the fluorescence observed 1w patients with muttiple
selerosis and in other subjects dud not diffcr The myvalin she ithis i
not stun In 1he cortex nether ghnt cis nor neurons tuned In all
sera the fluorescence of the astroestes wis sers weh or completels
s ent sath sera diduted 110 The reictions with scry from prali nts

with muifiple sclerosis were we thened ta the sime exten) 1§ olhiers ot

this degree of dilubon

The pplc ton of enher serum ar {luoresean conjuptad antt
human clobulin productd ne astroeste stuming (ka2 whor ;;
floruscern congupted whibuman wlobufin resufted m fluorcscence o

the vessels of the cortex
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Stawning of fibrous astrocytes after applicatizn of serum and fluorescinconjugat d

antihuman gl hulin In relation to the a trocytes are se o yellow autofluorescent
granules Original magmification X 430

Fig 2

No taining  fib ous astrocyte after spphication of flu rescinconyugatel anti

hum n globulin There are yellow autofluorescent granules Ornginal magmification
430
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Also i papmmzed fissue the astroeyvtes the white matler stamed

hlslil:zlc‘:;zer!:sflgn\‘\:tl:‘:olr::(ﬁ)l::};e;\c’\k as compared with non pipumzed
ence was ebserved belween pap unized

and non papaimzed hissue

In sections dried overmisht at room lemperature and thereafter
freed n 85 per cent cthanol for thirty scconds no astroesle stauning
was observed or any other spectfic fluorescence with five ser from
patients with multiple sclerpsis angd five sera from healthy donors But
a non speafic staming of vessels occurred tesembling that occurnng
after ipplication of fluorescein conjugated antthuman globuln alone

In order 1o confirm that the astrocyle statmng was caused by a direct
binding of a serum factor fo the astroevies five sera from palients
with multiple sclerosis and frve sera from healthy donors werc absorhed
with bramn tissue before heing applicd 1o non fixed non papamred
sections The sera were ahsorbed twice 30 mg of homogumzed fso
philized normal bram tissue bems, added each time 1o 06 ml of scrum
Following frequent shaking at room lemperature for thirly minutes at
both additions, the suspension was centnfuged and the supernitant
applied to the brain sections Incubalion washing and applic thon of
fluorescein comyugated nbhuman globuhn was performed accordin,
fo the method desenbed above None of fhe absorbed ser produced
stamning of the astrocytes

Sera from pabenls with systemic lupus ervthemalosus which scra
are known to react with cell nucler were also studied both with papar
nized and non papmimized sechions However the Hinding differed so
greatly from the above and also from the resulis expected that they
will be reported on later

DISCUSSION

One of the modes of provaking autontiiods formatian 1s supposed lo
he the unmasking of usually hidden determunant gronps m (he Lissue
{3} Sinee these groups are foresgn to the mechanism underlsing, the
formation of antibodies {hey mught ¢ iuse production of mtibodics {0
own tissues Such an unmaskin, mght ocent when the fissue s irended
with proteolytic enzyme The results ohtuned by Rass (6) nupht sap
port the assumption that this could happen 1n multiple selerosis sinee
the antibodies demonstrated by hum n this disease were directed
«gaunst enzymatically degraded tissue

In the present studs the otlempls to demonstrate the presenice of
antihodies to papaimzed hrain hssue using the mdireet methiod of
foons protduced negative results Insofar as antibadies to proteoivzed
bram hissne are present i pitients ™tk mulliple sclerosis it seems
possible eause of the negatine result of the present studs
od Lissue which acts as an antepen i
3 and washed aw sy during the enzeme

hLhely that a
mght he tht part of the degrad
muifipie sclerosts wwas dehiberated
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treatment and lhe subsequent washing Indeed Ross (6) demonstrated
Ihe presence of nntibodies o the dwssalved protews, after treatment of
brain tissue with trypsin

Sexn fran patients wath multiple sclerosis and cholecystitis as well
as sera from healthy donors showed fluorescence of astrocytes m non
fixed sections It secms likely therefore that the reaction 1s caused by
a non spearfic binding of profein to the astrocyles Probably the astro
evie stuning 1s decided by the same serum factor wireh both m pa
hients with muitiple sclerosis and i normal mdnvaduals reacts with
formalinzed tanmn treated sheep blood cells coated with potassium
chlornde extract of homogenized normal bran hissue {wnpubhshud
study by lhe present authors) Yahr & Allerand (8) suggested that
{he serum factor reacking with astrocytes maght be prsent m agher
concentrations 1n patients with diseases such as multiple scierosis
than m others The present study dees not confirm this assumption
smee all reachions hoth m patients with multiple sclerosis healthy
donors and patients with cholecystitis became negatrve or much
weaher when serum diluted to 1 10 was used

Contrary to dllerand & Yahr (1) the present vestigation revealed
staming of the astrocyles only and no stainng of the mvyelin sheaths
Aflerand & % 1hr used fixed sections which 1 the present study were
found to be meapablc of reacting with serum We cannot explain the

diffrence between our findings and those obtained by Allerand &
1ahe

SUMMARY

Tsenty five serd from patients with multiple sclerosis n all phases of
the discise eyght sera from patients with choleeystiis and thirly sera
Irom healths donors were studied by means of the indirect method of
Coons for the presence of antibodies to papainized and non papaimized
bram tissue

Specific antibodies were not found 1 the patients with multiple
sclerosis netther to papainized nor to non papainized bram tissue All
s¢72 shawed non specifie reactions with fibrous astrocy tes i the white
maller These reaclions oither disappeared or became much weaker
when the serum was diluted to 1 10 both in healthy donors i ra
tients with cholecystitis and in thase with multiple selernsis Nomne of

the sery studieq reacted with asirocvies following, sabsorption with
Yyophilized bram tissue
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SPUTUM CYTOLOGIC CHANGES IN
SMOKERS AND NON SMOKRIRS IN RELATION TO
CHRONIC INTLAMMATORY LUNG DISEASES

By

Macnis Nasiect
Re ened 21 €8

The stalishieal association of smokin., particul irly of cigarctte smohin

and lung eancer 15 genernlly accepled Histopathologieal studses of the
Bronetnat mucosa of smokers have shown a connection between smoh

g and certam alterations m the emithelinm speealiv metaplasia and
ccliutar atypia Such changes are d 1o rey ay {4
nant stage and often occur diffusely mn the bronchial mucosa 1 esiab
lished fung cancer (1 6 7 12 14 15 20} It has also been suggested in

a sputum cytologic sludy that such changes are more common 1n smo
kers than in non smokers (19)

‘The existence of a statistical association between smoking and chrome
mllammatory Iun., discases (11 21) and also between such diseases
224 {ung tanter has bren mdicated (3 3 D 3 9 22) Thstopatholoyieal
studies of the frequency of metaplasia and alvpia of the respiratory
mucosa in well defined chronic mflammalory lung diseases are com
paralnely few (2 18) In one study it was ponted out however that
changes mdicating epithelial myury were much more common 1 p1
tients wilh aetive pulmonary tuberculosis and bronchiectasis than m 2
control material (18) Sputumeviologic stuches of these condihions are
fow {10 13 18) Such a cytologic investigation usig parily the same
matenal as that emploved 1n the present study showed a substantialty
higher madence of the phenomenon ACCF {abnormal columnnr ecll
findings wdicating epthehal mjuny) and metaplasn n cases with
Aefive pulmonars tubcreulosts than in a control matenial (18) Rut in
the former 1mvestigation the patients smoking habils were not taken
mlo account when the groups were compared

‘The purpose of the present study was lo compare by spulum ryto
logie technique the effeet of cwzarelie smohing on the resprratory
mueosy in subjects without ung affectians and 1n pattents with ehronte
milimmatory Jung diseases It was considered to be of special interest
to ascertain how the epithehal picture 15 influenced by both factors
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TABLE 1

ribution Smohing Habils and offer Chara teristics
n the Framued Groups

N .
PR . 2
3 % 5 £
- » n ag Characteristies
28 §5 = 2%
23 3% 3 )
&éd T~ 7 e
t £]
Vifhout Lung Disense . att Mo pres tous ehronic Tung disease
hon Smokers B 871 4 Never smoked regalarly
\o previous chronic Jung disease
Smohers 398 456 3 Al \lore than 9 cigarettes/day
(72% smoked 2 20 eigarettes/d )
With Chronic Inflam
Lung Diseates
69 paticats with sctive pulm
tubereulosis 5% patients wit
“on Smokers 128600 61 =3 gyonie bronehitis or bronchl
“ctasls “eyer smoked regularly
104 patients with active pulm
uberculosis 43 potlents with
chrome bronehis or bronch
Smobers L ectasis More than O cigarettes/
dmv (15 ¢ smoked > 20 cigaret
tes/day)
Sauamous Cell Undaft 65 patients with squamous csll
Bronchogeme Carcimoma 101 6310 87 carcinoma 36 patients with un

(Smokers)

differentiated carcinema

(More
than 9 cigarettes/day)

Table 1 shows the number age and sex distribution smoking habits and other
characteristics of the subjects in the different groups comprised in the matenial

The extologic material consisted of sputum samples mcluding not less than one
adequate specimen usually including four smears for each rase Samples from the
non smokers without lung affections were largely obtained by aerosol produced
sputum A superheated mixture of propileneglscol and saline was applied for this
purpose The Papanicolacu staining method was used

All the scries in the 1n estigalion were examined twice Cases 1o which the second
streeming revealed findings other than those observed at the first were further
anal sed and §f possihle more material was examined All the specimens were
examined by specially traned ¢y with of
pulmonary cviology Al the specimens with positive findings together with numerous
¢ Ntrol samples from the negative ¢ases have been reviewed by the author Tt was
ouly b wav of exception that the final diagnosis and the histologieal diagnosis
e pectively were known at the primary cytologic examination No sertes showed a
difference in the frequency of an) alleration greater than 35 per cent when the
pr:muvdnul the ‘lnn\ results were compared

u order to evaluate the frequency figures for the series

contingeney table test at 05 signuficance level and one degree cuor“;rp::;:m‘;w 1:’1;::;
and the standardized population method were used The statistical yethods were
dexcribed in greater detail in a previous paper (1B)
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CYTOPATHOLOGIC FINDINGS IN
PREVIOUS STUDIES

The cytologic epithelial changes 1e ACCF metaplasia and atypical metaplas:
investigated in this study have been described 1n detail cnrhcf-prepor:: (:llg Il?‘;
Consequently only a few brief communts are added here Abnormal columnar cell
findinys (ACCF) 1mply the occurrence of numerous degenerated columnar cells in
cytologie luug specimens (17) The histoloaical bachground to ACCF seems to be a
cleavage of the bronchial mucosa and exfoliation of degenerated columpar cells
(15 17) These columnar cell changes were shown o be correlated sith metaplasia
and bronchogenie carcinoma (17) It s assumed that these alterations may be a
starting point for the metaplastic process (15 17)

Vetaplasta includes bath the non atypual and the atypical form Metaplastic cells
in lung evtelo,y spe mmens have a characteristic appearance which differs distinetly

from that of oral cclls and v cells It is not possible
to cytologically betncen cell and t ]
cell metaplasia The occurrence of metaplastic cells has also been shown ta be

related to bronch (17 18) Atypleal (dyscaryotic) or

dysplastic cell alterations are almost exclusisely found in metaplastically changed
eptthelinm (15) Such lestons are regarded as rmportant phenomena during the
neoplastic pracess in the bronchi The atvpical metaplastic changes in the bronehial
epithehum resemble morph the pre ] (dvsplastic) alterations
1 the uterine cervux

Cases with only 150lated metaplastic cells displaying nuclear atvpia have not been
recorded as atypical metaplasia Ience, all the cases which here are referred to this
group exhibit a distinctly atypical cell picture with moderate or pronounced
nuclear atypia With regard to such abnormal ¢ells it should he pointed out that
nothing bat cells which morphologically are definitely non malignant have heen
designated as atyp: al metaplastic cells

RESULTS

The mneidence of the cytological changes n the different groups 1s
shown in Table 2 As there was a certam degree of vanabhity i the 1pe
and sex distribution 1n the diffcrent groups mcluded 1n the materia!
1l was ovestigated by the standardized populttion method whether
this sarsabality could explain the differences in the frequency of the
cylological chinges This however was not found to be the case In
the following report y values are mseried onfy when there was 1
significant difference between two groups

It 1s evident that the medence of all three evtologieal phenomena
examined was sigmfrcantly igher mn the smokers than the non
smokers 1n the material without lung disenses as well as in the materil
wilh chronic inflamnrtory affections®

Also the group of non smohers with chronic mnflammatory fung
lestons exhubited a frequency of aii three phenomena which was simifi

cantly higher thn the frequency observed among non smokers without

fung disorders
A comparison of t
predomnance of ACCF and metap!

23 and 11 for ACCT' metaplasia ant atspical

he smokers 11 the two groups shows only a slight
Iasia i the group of chronic infiam

1 Without lung discases x*=16
mt\ap;:s:‘n respectnvels With lung diseases =82 15 and 13 for ACCE meta
plasia and abypical metaplass tesTu s and atvpical metaptasta respectively

1y =48 87 an
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TABLE °
Inei lence of Cytalogteal Chunges

Cases with
Tarst  Ceseswth Cases with -
~o Acer Metaplasia Afetaplasta
Tases (0 oy N ) N (W)
Wathout I ung Misea e o
50 2 (16) 9 (18) 2
;‘:';f;l:kcrs 198 185 (46) 947 (62) 107 2D
Hhath (hrome Inflam
Tung Discases 23
123 3y 53 {43) 28 (23)
‘S‘::LS':,I‘;“L"S 14 (5% 93 {67} 85 (%)
Squamous Cell Undiff
Broachogenic Carcinoma 161 57 (o8) 38 13 9
(Smohery)

{nctuding now atypeat and atupical metaplasta (dvsplasia)

malion  the diffcrences are not sipmificant Atymeal metaphsia ex
mibits & sizarficant predonunance howeier n the group with chrene
mifammation (2 = 14}

1t 1s also cvdent that the weidence Digares for all the three nlter
attons are higher in smohers without lung thseases than  non smokers
with chrome wmiections lung disease The difference m {requency 1
notible wath regard o ACCE and metaplasin

Fially 1f the wroups of smokers withput lung diseasex and those
with chrome nf Y

Y are pared with the lung
cancer series the figures for ACCEF and metaplasin will be seen ton

crease in the sequence no lung disorders—chrome mflimmation—
fung cancer The dsfferences are shght and not siabistieally simmis
cant with one exceplion the ¢wcainomn senes extubils a signfieantly
hugher ratc of mutaplasia than the series ot smokers withont pulmonary
disc3ses (3 = 86) With regard 1o avmeal melapwia there 15 as
mentioned above a sigmificant difference belween the groups without
lung affections andg those with ehromic wflammation In this respeet
the latter group shawed howeser o figure onty shghtiv lower than {hnt
for the cancer senies This difference was not sigmificant

In the group of chrome infectous disen os 1t was also checked whether
the patients wuth actise putmonary inbercalowis atfercd from those
with non tubereulous tung affections as renards the vanous ¢ytologie
parameters The difference never exceeded 2 per cent m the hon
smokers Amaong the smokers there were certan spanbhes For ihe
fon tuberentous group the pereentage of ACCF was 56 as anamst 51 for
the luberewlons proup For midaplasia and atypieal metaplasia the

4 aer Parw 130
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rti0s were the opposite 70 and 46 per cent for the tuberculous pa
tients as agamst 61 and 40 per cent respectisely for the nen tuberen
lous group MNone of these differences 1s however sinificant

When the figures are to be judged 1t 15 important to note that the
percentage of heavy smokers (¢ > 20 aigareties a day was much
Ingher among the smokers without lung diseases than among those
suffering from wflammatory lung affections (Table 1)

DISCUSSION

As to the cyiologic altervhions studed m this vestigation ACCF 1s
interpreted as mdieating mnjury to the respiratory eprthelum  The
injury may be a starting pomt for the metaplastic process m the
mucosa This damage and 1ts consequences may be regarded as due to
the action of exogenic factors which are not necessanly carcinogenie
m a strict sense Naturally a frue carcinegen may also cause njury fo
the epithellum ind produce these allerations On the other hand the
phenomena of cellular and nuclear atvpia in the metaplastically changed
mucosa ndicate that a carcinogeme element 1s at least a part of the
causative complex which produces the injury Atypieal cell changes are
nearly always found in metaplastic but not 1n pormal respiratory
epithelium  Thi, fact indicates that epithelium which 1s subjected (o
metaplastic allerations 1s more sensitive to carcinogenmie action than
normal epithellum Consequently factors which (hough non carcino
genic are mnjurious to the mucosa may facthitate the action of carct
nogens

In this study the elements of exogenic infection which form the
basis of the bronchial epithehal changes m the groups with inflamma
tory Jun, d are not car aemic as such Wilh regard to to
bacco smohe on the other hand there are comuncing reasons for
assuming that factors causing epithehal injursy and metaplasia as well
as earcinogenic elements are mvolved

The main purpose of this mveshigation was to studv by spulum
cytolome techmque the importance of the combined action of a non
carcinogenic causatine complex t e chrome inflammation nd & com
ptex which includes a caremo.eme faclor 1¢ ciarelle smohing \alu
rally 1t has nat been possible to ohtun groups for companson which
are complelcls frec from objections There 15 amon., other things a
carcinogemie component 1 the general atr pellution whieh parficu
1arls affects the urban population In lins conncchion 1t 18 of 1mper
tance m the evaluation of the weidence that the grotps of subjecls
without lun, disorders were more urbinmized than those in the
flammatorv groups (Table 1}

The mon smohers without lung diseases had a low rale of :\CCL
metaplasin and alypmeal metaplasta a result whnch could he expeelc
The existence of single cases with epithielal atvpra 9lso n this group
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may very likely be ascribed to the ¢ffect of the general mr pollution
all the subjects 1n this series were lving m toawns

It 15 of considerable nterest that the smohin, hait in the gronp
withont fnng thsexses led to a strong wncrease the phenomena of
ACCF which indicates eprthclial mjury and ils consequence e meta
plasia Frequency here was only slightly lower than that o the group
of smolers with chromc infl immatory disorders this group in turn
exhibited an nsigmiscantly lower frequency of ACCF and metaplasia
than that in the group with established lung cancer The resulls may
also ndicate that heavy cigarelte smoking m subjects without Iun,
isease  produces a substantially higher mcidence of such epithelial
lesions than does chrome inflammation alone ¢ e i non smokers

The study demonsirates that the frequency of atypical {dv splastic)
epithehal changcs caused by heavy cigarette smokuing m persons with
out Iuns affections 15 about the same as that caunsed by chromic mn
flammatory action alone on the respiratory mucosa 4 combination of
the two factors smoking and chrome inflammatory mucosal action
fed to a markedly higher mncidence of epithehal atypin Under these
cregimstances atypia reached the same level as that 1 the patients
with cstablished Iun, cancer The mportance of the inflammatory co
factor 15 emphasized by the faul that onlv 2 small number of the
smokhers 1n the inflammatory gronp were heavy smokers { Table 1}

Thus the resulls of this myesiigation have underhned that not anly
smohing afone which 1s alrcady hnown but also chronie infectious
lung disease 1n non smokers causes a distinetly injurious effect {ACCF
wnd nretaplasia) on as well 15 atypi of 1he resparatory mmnepsa

The results mdicate thal the effect of heavy smolang alone under
the present condilions may be stronger than that of chrome inflamma
lion alone Furthermore the study has proved that the combination of
these tno fuctors substantally augments the meidence of atvpical

metaplasia which 1n fact may be regarded as the trie premalignant
alteration

SUWMARY

The effect of cigarette smokung on the epithellum of the tespiratory
Passa1,es has buen studied with sputum cstologic technique For thus
purpose we nvestigated 1 material consisting of non smokers and
smohers without lun, disease a matenal contumny panients with
¢hronse flammatory lung disorders divided into smokers and non
smohers and a bronchogente carcinoma Series 1 which all the pa
tients were smohers

The Trequeney of ahnormat cotumnar cell findings (ACCF) (17)
metaplisia and atypieal metaplasia (dysplasin) were recorded The
scl]'u" rr;r cslllahll:shod bronchogente careimoma presented the highest
values for all three altcrations and the
lung, diseases exhiluted the lowest b sroup of non smokers without

"
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The distine! ncrease w the frequengy of ACCP metaplasia and
atypeal melaplisia respectisels 1 the group of smohers vithout lung
diseases and m the group of non smohers ith chronie mflnrmatory
lung affcchions ndicates that both Cigarelle smoking, and chrone
mflammation as such have a distinet murious effect (ACCE amad mela
plasta) on the respiritors mucosa Damage to the epithelium due 1o
heavy cigarette smoking, alone seems 1o he more pronounced tham that
caused by chronie inflammation alone The frequency of atvpical mefa
plastic changes produced by aigarette smohing alone and by chrone
nflammation alone shows 1 high and equal lesel \When these two
factors are combined the freguencs 1s greatls ancreased espeenfhy as
regards the atvpia phenomenon  its merdence then reaches approst
matelv the same lugh level as that n established bronchogzeme cares
noma
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EATRAGONADAL LNDODERMAL
SINUS TUMOURS ORIGINATING IN THL REGION OF
THE PINEAL GLAND

By

Joun Bestir
Reeaned 191 (3

The endedermal sinus tumaur as defined by Tedum (14 15) 15 2
characteristic tepe of germ cedt tumour showin,, 1 selectine overgrownih
of volk snc endodirm 1ssocited with extra embryonie mesoblast These
tumours wn the ovary and the adull testis were assumed o anse from
tofspotent form eells and thewr germinal origin was confirmed by the
ocensional presence of wews of gurmmomatous leritord or tropho
blastie struetures

Hislocnetiealls the mterpretiion of endodirmal sinus {umours in
the ov iy was bised on

1 therr lusiolojieal identuty wath embryvonnt fumours scenn rarg

cses in the adult tests (12)

2 the Joose rehendoted meshwork analojous wath the cxira em
bryonic mesoblast (13) and the eharctenistic porss wenlar strue
tures formud by v iqimnaded blaod vessels mantled v volk sae
endodorm (endodermal sinus) (14 15)

Lndodcrmal sinus fumours are in 1l eases seent to occur wm vouny,
patients m cses m whuch the tumour ongmated 1o the ovary the 1.e
of patients ran,ed between (wo vears ind 2 hatl wnd 35 vers (8) most
cases occursing n ptients in the 1. troup 16 20 vear Fhe Inslogent
sis of a characterstic tvpe of testicuinr tumour n earhy chiidhood has
been an object of much diseussion nd s1riots opmions hwe heen
wivoeated it has hecn interpreted 1 1 dhstinetne adenocarcinomn of
infantide testes  Minbulable 1o non perminad pircnchsn (167 but
Iater it has been classified s 1 germiny) lnmour exiubating, the endo
dermnl sirus pattern descnbed by Tetlum (23

Of great antercst are recent reports of cases af typien! endodermnl
snus lumonrs originating w extragonadal areas where other types of
germpnal tumours are Lnown 1o develop Rao haghunatfin et al (19 W)
found Mic 1umour to be wsoctated with the sacroencespeal tertoma
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and Teiman ef al (1987) have reported the first casu of an endpdermal
sinus tumour ansing 1 the anterior mediashinum in & 33 vear old male
patient

In thus connection the present report of lwo cases of endodermal
sius fumours of mtracramal erigin in the region of the pincal gland
may contribute to the understanding and proper wdenhfication of germ
cell tumours orgmating m extragemtal sites

CASF REPORTS

Case 1 'The patient was a 13 year old gur] who had been premature Since the age
of three vears she had warn glas e on account (f hypermetropia and strabismus
Throughout the last five years episodes of a 1t ht sided migrapard headache had
wentred for the last three years accompanied by progressing loss of sight Fev
these rcasons the patint was haspitalized about tyo years sgo on that occasion
arteriography and preumgraphy had excluded the presence of  temour By cranx
torv tombined with chiasma/exploratin the arachpoides was found to be of 2
visepus consistency but there was no tumour growth [he optic nerve to the left
wag very thin 1ts diameter measuring only balf that of ncrmal nerves Gross anspec
tion of the (phic nerve to the right showed rormal conditions The jatient wa
di charged but she continued to visit the eve department for follow up quite
recently she has bren te admtied be ause her sight gradually had deteriorated
ensibnlits 1o Tight of the tight eve lacled Durmng the last months preceding hosps
talization the visual power of her Jeft eye had also abated As hefore episode of
tntermutient mgraigoid headaches ahove the right eye continued

4t a syl equent exammation the girl was found 1o suffer fe m mcderate dss
erintst and the endocrinalngical examination sugge ted a le 10n of the hypothala
mus Hgh 195 g/per cent SR 10 mm mctabolism 103 per cent Fyamination of
the e3es disclosed that the pupilfae were Jarge hut of rather umf rm size The reac
Y50 2o hight of the left eve was normal hut the rght eve lached ensimshity to light
Visual posier of the Jeft eve ranged at 1/60 On esther side the papillae of the cpty
nerse were severeds atcopfuc By raentgen evanunation of the slull the dor um
stllae were found to be destr ved Fandings by air encephalography 1acluded
anomaly of the iaterp dun ulyr essterna apd horizontal severaoce at the level 1
the dorsum sellac By right sided carotis arteriography a larse arcuate elevation
of the honzontal p rlion of bath of the anterior cerehral arteries was noted At the
subsequent operation a large encapsulated and 1 ¢Il defined tumour was b erved
behind the antersor chinead precess The right optic nerve was completely destro ¢
while the left one which pa sed throu,h the tumour was swollen cedematous an?
cmbedled 1 arachnordal ad%eran e 4t the crossing of the ehnasma the ophc nerve
was seen to m rge with the tumour and consequentls 1t could not be dissceted
Cutting, through the remsved tumour revealed a soft yello 1 h fissue of glows
aspett without ¢y t formation

The patient was discharged and transferred to the Radwm Centre fo roeutgen
treatment

tase 9 The second patient was an 11 year old boy who throughout the last 18
months preccdyng ho pitalization had complamed of o ca jonal headaches Jocalized

10 the forehead for the last manth the beadach t
ke forchead for the aches has intensified and a psveht

x o had become very quiet and testy and he wanted to have
a daily rest During the last week before hospitalization the patient had com
P];Incd of diploma and also of a certain d zzin ss There was nausea but yomiting
(:x Dot pccur At Uhe sub equent exammination te isual power of bhoth eyes was

und ¢ be normal there was a ce tain nstability of the eye mu cles Logether with
arving degrees of abdnctor paralys s most pronounced on the left side Intense
2 fduction ™ tagmus and paralysis of the comugate (upwards) moyement of the
:.;\DEHCT:eﬂlsuanl‘hcld was nn:lm:ll Ophthalmascopy showe { normal excavation of the

erye largins 1o a; 1

e pene . p.;m foar :ndhe nose were rather hlucred and on the left sile
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In the (ventng of the day of hospitahization the boy hecame suddenty Wl and
gradually the state of eansciousness ahated Pareses did nol set fn but a bilaterat
Babimshy reaction was manife t In front of and abcve the pncal hody 7 cal ihed
proccss was found by radiography Arteriographs revealed the elesated position af
the tena gajemi Posteriorly the Ia t half cm nf the latter was not fille] which
feature also aprle to the sinus rectus The central veins were displaced a hittlp to
the right of the mdline Performance of prebminary dramage of the ventrt los
1mpresed conditions to a certain degree Pneuma wnecphalogropby d elosed a pe
liar humpy configuration at the «ite of the pineal bady At operation performed
by two stps a large sohd tumaur was found o imvade (he posterior portion of the
left veatnicle contiuing diffus s dewnwards mio the brainstem A hiopsy from
the tumour showed the pre cnce of 2 mabgnant maxed tumour Radica) pperation
was 1mpossible Post operatively a rapid aggravation of the condition set 1n death
accurred on the following day

At autopsy 1 large ovoid tumaur measuring 6 X 4 X 4 em was found to fill com
pletels the third venteicle growth continued into the hmina quadnigemina ¢om
pressing the aqueduct Splenum corporis calloss was destroved ventrally the bindv
was campressed and partfally ivaded by the fumonr The thalamus in cither
hemisphere and the candal portion of the corpora striata were msaded The fumour
hissue was of a grevish eolour t was of a sohd consisteney and modiratcly mottled
by small haemorrhagic strands Caudalls to the tumour at alout the site of the
pineal body a spherical weill defined arca measuring less than 1 em was found to
contain sebaceous materral and haie Sagttal scction through hoth wide ventricles
showed that the tumour grovth extended ri ht to this site The extracranial autopsy
thsplayved nothing pathological except hyperaemia of the lungs The gonades were

normal

Pathology

At the gross mspection the two tumours were found to b~ different
m the fiest e1se the tumonr was parthy well defincd md encapsul ¥
wherenas the tumour n the second ¢se was chirictenzed by infritetine
and crosne growth Turlhermorc the localization of the two tumours
was diffcrent Mhough they w edher case hd developed i rogions
generilly 1 nown to be siles of ferfomas apd  pmealom s

Histologmicalls Towever the Iwo fumours were almost dentictl pre
senting the charactenisties on which Teddunt b wsed the diwgnosis of endo
Adcrmal sipus tnmonr  these characterssiies (15) inctude

Arcis of steliafe efs arranged o loose s ictolited nolwork
campnsed of wide mushes of evstie caabies often finud with fiat
¢mesotliclinly cells 2nd conl umn, foer wiih achine baomopotesis
0 the undeshung eapiihies cavties (Lig 7)) Moy micshes contun
hyvalie acdophile and PAS posiline plobufcs (F1n a) or mueowd
deposits In more compaet wos atar like halos of cells surround

1

the targer cillwies
Pecudir perisascul e formaly ns formed by iy yanated m wiled

Mlood sessds and reeapitudation ot the embirvologicaliv well

difined endodernral smuscs e characlersshie The surraunding

capsular spice ts lmed Iy 2 angle lanver of fhat eells with prom
1oy (higs 123 wd )

nent dark e ;‘. astic ombirsana!

tated neoph
The small aggreaates of undiffuren
cills are less cl\F\hcln riotie th v should rather o considered

»”w

-



Figs 1-2

no 1) HT 560 X
case n> 1) H-F 560 X
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Figs 3-
Fig 3 An area with numerous endndermal simu es in cross seclion (case no )
H-E. 140 X
Fig § Fndodermal sinuses and small and larger vesicles ica e nc ®) H E. 330 X
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Adrenal with necroses Van Ciescn Hansen Stan mag 6%

by the following reactions Antt streptocs cuy UG ants mycoplasma pneum niae
influenza B and D titres ToXxaplasmosis anty strey Orcoceus hyaluronidase  Ban
nell s and Widal s reactians were negatise ESR 42-38 mm/h Haemoglohin 11 5-18 0
€/100 mi leuccevtes 9000/al normal differential count thrombocytes 233060 4l
Prothrembinindex 90 per cent bleeding and coagniation time 5 minutes In the
serum 1 and lete leucoe te il wire f und bot no ervthre
cyfe or thromhocylc antibodies were present Listeria scrology was not pesl rmed
Lasteria could not be cultured from vagina four months sfter the delivers

The mfont was born asphsxiatcd He did not erv there was cnly superficial
respiratian after some minules There Way severe evan sis and hap toniclts and
seattered petecchiae gres to ecchymoses Heart rate was €0/min

He was continuously ventilate ! manualle tnytialic va a mask later on thr ugh &
tracheal tnbe A bloodtransfusion was g1 ¢n mnto the umbibeal vein but the infant
expired four hours after birth

Lahoratery data  Haemoglobin 109 £/100 m) reticuloevtes 43 per thousand
thrombacvies 50000/g1 lewcocstes 13700740 dliffcrential count o granulocytes
Iymphocites 84 per cant leucae te precursers 8 yer cont monociles 8 per cent
Serumbilitubin 25 mg/100 ml Blood group & D jositive Comyplete leucoeyte
agglulnins were not dem nsirated

Aecropsy A premature pafe bov with mans eufancous petecetune on
the extremities A moderile mediastindt emphyvaema was found On e
surface and 1n the parenchvma of the Iner wide spread tine wintish
setlow foet sere seen In the adren s these foct sere ihwadat (Frg 17
“The other organs showed no alierabons

Brawn autopsy A shybt bluering of the I ptomenistiges w1s seen on i
hasts Coroml sechions thirough the ccrchrum revealed 2 ymnor hae



reaction. Haematovybn e s stasn

sdrenal No gragulocytes Cram
X



226

morrh,e around 1 {ermmal vein The semiovale centre had lowcred
consisteney and was shghily discoloured The hran stem spinal cord
and cercbellum were of normal appearance

Bactertology Tissue specimens from the organs werc sent to baclerip
gical exammation Numerous Gram positne bacterin were crroncously
dragnosed as enterococet and Croup B haemellic streptocacer at the
rouline extmination No special culture for Listern was performed

Histology In the lungs 1 few small nodular necroses with onhy a
small amount of mononuclear cells and no grinulocytes were found
In the necroses onhy one hind of hacteri was seen Short Lesadit: ost
trie and Gram posilive rods In the hner (Fig 2) and the adrenals
nodular neeroses were abundant Here 2 lirge number of bacteria was
found The bacteria were of the same appearence as n the lungs
occuring singly 1 small erowds or short chains or i andle formations
(Fi5 3) In the spleen some and in the kidnevs very few neeroses
were seen In the myoeardium Lhe thyreoid giand thyvmus pancreas
and testes were no processes

Within the red bone marrow from decaleified lumbar vcrtebrie
scatlered neerotic focr with lhe sume baeterin were found There was
no fibrosis and there were no precursers of granulocytes

A sternal smear taken shortly before the mmfant died showed ab
normal granulopoiesis Myeloblasts promsclocyics 1nd mjclocyles
showed large forms with coarse vacuoles in nucler and evioplism These
cells were found win approuimalels normal numher and no rod shaped
or ted polymorp! Iy granulocyles were seen The costno
philic cells showed normal forms The erythropoiesis was rather pro
notnced and normobinstic

Peripheral blood showed no granulocytes but many lymphoeytis md
1n 2ddilion somt nuclcated red cells

Brawn Instology In the [cptomentnses of the bran ind spinil cord
there were foeal mfiltr ihons with ainflammatory edls amonp,, which
some were polsmorphonuelear predommnntly cosinephilic ornulo
ovles and some were large mononuclear cdlls At this sttes were also
cronds of bacteria Most nerve cells 1o the cerebral cortex appeared
erther as severely psenolic cells or as shadow cells In the eerebeilar
cortex the lack of Purhinp cells was outstandin,, In 1 fvw places of
the ovale cenlre streahs of rod shaped hacterny were found ind 1n the
surroundigs there sas gl prohiferation but no inflammatery cclis
Onls 1n the hasal ganglin and the bram slem 1 fow foct with hnper
aemun bacteria and infullraing mononuelcar cells were scen bt no

granulocytes
Placenta Some il
throphoeblasts were degenerated
Bactenn of the sime morpholon
seen here No baclerin or nfiammaters cells wer

branes or in the umrhenl cord

I were nfiltrated wilh polvmorphonueloars the
wmd there was filrin on thor surfee
v s i the orgns nd the braun were
found mn the mem
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Dragriosts  Lastert sepsis Granulomalosts infantiseptiea? Meningo
encvphalitis “eutrophihe ranuioeyiopenia Placentstis

Fpierists Durn,, the 320d weeh of pre.pmcy 24 vear old pre
Aowsty healthy woman had influenza 1l e ssmploms for wiuch she
recened 35 g of sutphadumethoxium  She recoreted 1n 7 davs One
month before term she gnve nrth (o « premature male miant There
was a rise in temperatare duning delivery which wis otherwise un
compheated The infant was extremels pale with resparatory suffy
aeney and petecehnae of the shan appeared Frxnnunation of perspheral
blood and bone marron showed a-ranufocilosis The mfant died 4
hours after the delivers AL autopsy numerous ninor necroses Were
Tound 1n the Iner and strenads Mheroscopy shoved wxriades af hoe
tena of one tvpe Short Grant posttene argentaphilie rods arranged n
small groups short ehamns or an.le formanens The same bretern were
seen in meroscopte tecroses 1 the lumgs and spleen and focally the
leptomeninges and the cerebrum Also 1n the bone mnrrow which
showed a decreased maturation of neutrophile granulocvies the bac

teria were found In the placenia wflamed tils with the same baetern
“nd Necroses Nere seen

DISCUSSION

The diaynosis of histeniosts was not verified bactersolomcally But ac
cording to Seeliger (1961) 1t 1s possible to mahe a strongfy suggesine
thagnouis on morphological srounds 1e In the charactenstse patholo
greal 1 micture of g 1 infantiseptica with organ
neeroses espectatly s the hiser spleen and ndrenals logether with

meningitis and Gram postline argentaphibie shert rod shaped bactena
within the necrases

The route of infection was probably trapsplicental The rupture of
the membranes occured immidialely before the delivery In the pla
tenta nflamed il with bacteria of the same 1vpe a5 Lhose present
the organs of the mfant were seen These observations make at probable
that the mfant was infected h 1 v throush the plreent
The munor degree of mbitration us the hungs i compartson with other
organs fnours this assumption The massie organ necroses are m ac

Sordomee wath e assumphion that the mfant was wiected some tume
hefare the delivery

Exymmation of the stonn! marrow aspieile and penpheri blood
{hen sttty before the wfant s death sbowed neutrophshic a,ranufo
r‘:‘:k:sis Pm‘:lmorlcm meroscopy redealed 2 moderate number of poly

0!

ar vies 1 the s In the organ ne
croses granuloey les wore absent ’ s

The spestion now 15 whether our ease represents an nfantile genelie
x?h delermmed 2gsnntoestosts (primary bone marrow msufficiency )
¥ due to an immunoloie transplicenlal reaction to o drug mduced
{ransplicental reaction or 1o baeterio toxie nfluence

1
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Aostmann (1926) described the infantile genelically delermined
agranulocylosis He found six cases i a population 1 which the ma
dence of mtermarriage was high and concluded that it was an auto
somal recessne condition During the first weeks or months of Iife the
mfants developped skinsepsis Aarshog (1961) found mvelofibrosis and
absence of neutrophilic myvelogemic elements of the bone marrow i a
few cases MacGulloray et al (1964) described five cases all complt
cated with a not congemtal sepsis In our case there was no consangut
nity or farily history of sumilar ctses There was no myelofibrosis and
the sepsis was of ntranterine ongin

In immunologreal leucopenia leucoevle ag,lutinins of 1dentical types
are found in the mother s and the infant s serum This 1soimmumzation
of the mother 1s scen 1n rare cases after pregnancies and transfusions
(Stephann: 1958 Gert Jensen 1960 and Halvorsen 1965) One of the
newborn infants deseribed died from malformations the others were
Iencopenic but recovered Agglulinins were found i the serum of most
but not of all the infants In our case the serum of the mother contrmed
both complete and imncomplete leucocs te agglutinins She had no leuco
penia The serum of the infant was only examined for complete wglu
timn and this was not found

Several drugs includin, sulphonamides may provoke lencopema n
adults Sulphonamides pass quikly throu,h the placanta (Sperrt 1940)
and thewr hepatotoxic and enzjymechloching properties 1n the human
foclus are well hknown (Gin ler 1942} To our knowledge there 1s only
one report of 1 destructive effect of the drug on the hone marrow
(Stamm et al 1965) In that case the mother had been treated for an
urinary infection with 210 Gantnisin(R) tablets (Sulphixalol) from lhe
23rd to the 32nd week of pregnaney In our ease the mother had had
7 Madribon(R) tablets in the 32nd weck

The histological findings of foct wilh bacteria mn the red bone marrow
1n our case might indicate a direct bacteriotoxic tnflucnce on the hiemo
poictic tissue To our hnowledge however congeniial agranulocy losis
secondary to bicteral infection has not heen reported Icucopenit in
the post natal period caused by colt and streptococenl sepsts has been
described (Ayhan 1908 Clifford 1947) Among palients with hsleriosis
after the neo natal pertod 4 few cases have heen found to have 2 shightly
reduced number of granuloevtes 1n mosl cases the granulocvie count
was normal and 1n some cases there was granuloclosis (Joda & W ood
Sell 1963 Ray & W edgwood 1964 and Insiey & Hussain 1964) Among
cleven cases of histeriosis Hauge hristensen & Jessen (1960) found one

ent with pronounced granuloeytopenia and two with some periphe

i the patients were newborn nfanls but

ral granulocy lopeniy Three of
none of these were deseribed as neutopemc
Among the four nbove mentioned possible actiolopical mechanisms

1t 18 not possible to decide which onc was encountered 1n this easc
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SUMMARY

A case of morphologictlly preven but not hactertologiealhy venhed
con-emtal Laster:a sepsis on 9 premature male wmfant who died four
hours after delinery 1s reporled The mother had had wm uncharacten
stie sitness with fever treated with sulphonamide one month before the
delnery The wiant had a pronounced neutraphulie sranuloettopema
1n the periphert} blood and bone marrow s well as or,n necroses
The different forms of granulocylopema i newborn mfrpls wre men
honed and the possible relation betwecn listertass and granuloeiio
pema 1s discussed

ADDINDUNM

Stmee the manuscript & submstted the mother gase Iirth to her third amfant
twenty Taonths after the mfant des nbed fn the case rep st The latest pregnancy
was uneventful with normal blood counts Seserst cultures of the vaginal sceretion

farted 1o show Listera The delnvery was sncompleated and the wnfant (a female
histhweight 3100 g) thrived well
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DEVELOPMENT OI' TUBERCULOUS
ALLERGY AFTER INOCULATION WITH BCG
VACCINE IN OFFSPRING OF FEMALE GUINEA PIGS
INOCULATED WITH BCG VACCINE

By

Ame Litiaoer
Recenved 91h (8

The cffect of passie immunity from the mothers on the vacemation
response i infants and newborns has attracted mereasm, attention n
recent vears

Many tovestigators have found that n infants anubodies trans
ferred from the mother during pregnancy interfere with the vacemation
with several bacterial anhigens Yakhlquist (1) observed that the for
mation of errculating antibodies to diphthenia was depressed i if inis
who had circulating diphiherin antitoun m sertim passnely reeened
from the mother with a level of approximately # 02 U/mi Oshorn of al
(2) confirmed these results but their data secmed to indicate 2 shphth
tugher crilical lesel than that found by 1 ahlqust

Brown et al (3) and Spigland el al (4} slated that m the ninborn
peried the presenee of maternalls aguired antibodies w s assocmted
with a low scrologie response mn the infant s serum 1o rmmumzation
with polio vacemne Gasford el al (9) considered immuniztion in the
newborn pertod wath polio vaceine to he ynpractic ibie chuefly bieause
of wnhibition bs placentally transmitted antibodies Simhir rosults hase
~lso been found with other bacteral vacemnes

In expennmental mvisbigations Aosttnen (6) found 1hat the response
of soung muce Lo telanus ymmunization w s clcardy depressed by anly
bodies from 1he mother

In BCG vaceinalion the presence of fubcreulm alfergy as gencsalls
accepled as = critenion of resistance The Mantoux comersion s gene
ralls accepled as a proof of tuberculous allergy

After PCG racanttion st 1s often found that the inbireshn reaction
remains nesaline or that Mantoux conmversion tihes place onty after
\en lonz hime Tins applies particolarhh to yaccnated newhorns and
mnfants From mans snyvestigations it seems that after B(G raccination
of the mother alse a factor transfurred from her inhiluls the conver
s1on 1o tubercubin sensttivaby n the offspring
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Turell (7) and Rollof & Lagererant. {3) found thit afier BCG vacar
nalien the lube reuln reactions were possine m the children of bealth)y
mothers catlier than n thosc of {ubereulons mothers Hagberg (9)
\acomated newhorns of tubereutous mothers He found that BCG tu
bereulin (Calm) gve 2 positise reaction earher thap Old Tuberculin
{OT) Using hoth \uberenlins the percentae of postinne reachions was
found to be hioher in the children of healthy mothers than in the
chitdren of tubcrculous mothers Hagbery ascrnibed 1 dfftrence o
fictor possibls with fhe nature of an antibody transferred in utero
from the tuberculous mother

Wess (10} and Weiss of al (11) mngected OT and BCG bacilly both
wto suined pgs 10 utero and inte newborn gwnea pigs Subsequentis
mnjeetions of these anli,ens were gunen to the same ammnls some time
after irth Subsequent tuberculin tests on these animals were largeh
negatnve W ess considered that this was due 1o the fact that the first
njechions of aniigen made the amimals tolerant to the tigens

I investigations on guinea pigs Lithander (12) found m tests hoth
with Calm and with OT that the frequency of positine reactions w the
voung of heallthy females was higher than in the youn, of tuberculous
famales after BCG vaceination The resulls seemed o he tn agteenment
with observations made 1 meshgations on children of tuberculous
ond of heallky mothers The results were mterpreted as hemg due lo
an nterference by a factor transferred from the tuberculous mother
The mlerfrence was mamly apparent n tests wath OT and decreased
with age 1t yaccanation

To complefe myv worh on this subject I mnvestigated by nieans of
intracut wcous tuberculin tests whether wnfection with BCG hacillt in

femnle gunes prps before impregnation would bue an effect on the
\antoux reaction of their offspring

MATERIALS AND METHODS
Preparation and Testing of RCG
Calm 3 s prepared from BCG cultures on Saufon s med,
jum for the pr ductin of
PLE viwvainn in Whe same way as described earlier (17) This description applies to

the Litral on of the potency of the Ca d
e ybrat on of the potency e Calm ompsred With a particular batch of O

An mal Frterrments

The tests were performed on the off: af whit
female guinea pigs had been iof e s i an e Lemale gunea 1 igs .
ected « ith an tnjectios
‘,““; ‘;;r\\s Tater 1 was 1 ey og w of 15 mg o( BCG bacalli
m

tests
% of OT and 05 mg of Calm that the mfection had
produced allergy 1
:2:[;::\“1:-\: The gulaca pigs « ere smpregnated immediately after positne re‘::‘!fon‘:
bo these ::s:; h:d betr‘x :hl:x:eds Thelr offspring were accinated with 5 mg of BCG
& BRLS of and 10 weeks 10 dillevent seri
vaceine o series respectrvely ac
e to age when vaccinated The number of animaals in each ser €5 15 shown in
The abo ¢ mentigned inesty
gatlon wag performed st the same time the
vestigation using PCG vactination sn the offspring of tuberculous h:m:l’z \::h:?x
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pigs (12) The same batches of Calm and OF 1
investigations an respechively were used In both

TABIE 1
Number of Offspring of B(C infected Femnle Guinea Pigs Y acenated unth
& myg of BCG Y accine at Different 4pes

Age at BCG vaccination In weehs Number of offspring
2 48
4 48
f 41
8 64
10 67

Table 1 mecludes only those ammals yn which all tuberculin tests were invariably
perfarmed 1o 10 eleven seehs afler yacmnation

The presence of tuberculin allergy was ascertained by intracutaneous injections
of 10 and 05 me of OT 1n the shaned dorsal sl in and of equnalent doses of Calm
23 4 o 6 and 11 weel s after vacornatson in all the antmals The tests were cead
after 48 hours An area of mduration of a least 10 mm in diameter sas considered
a positive reaction

RESUITS
Fiz 1 lustrates the cumulalne percenlages of positive reactions to
tests with doses of 10 and 9 o m., of Calm and OT respectisedy from
two to Jesen weehs after BCG vacemation n the offspring of BCG
infected female guinea pigs

!
Positive
reaction

el

1 weeks atler
2 3 “ s s vactc nahon

Fg t
tions to 10 and 05 mg of Calm and ty 10
Tfercat intersals afler vaeecination with & mg
Lr infeeted ferale guinea pigy The yrung
the age * 10 weeks

:
(wmulative percentages of | Je reac

and 05 mg of OT respectr
of BLC saccine of the off
were \
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10 ot 0%
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1 calm 10 Catm 05

c T BCG 4 The BCG
Fig 2
The frequency of positive tuberculin reactions tested with 10 and 05 mg of OT
apd Calm respectnily which developed during 11 weeks following va cnation of
young guinea pigs at varying ages {(cumulatine percentages) The figures of the ver
tical axis denote percentages of positrve tubercultn reacttons [he figure under each
group of piles denotes the age i1n weeks at vaccnation The furst pile 1 each of
these groups denotes the young of healthy the econd of tuberculous and the third
of BCG 1nfected female gmnea pigs

The figure shows lhat the frequency of positive reactions was low
during the first weeks after vaccimation but increased successively
with the interval after vacemation This apphed to Calm as well as to
OT The same tendency corresponded rouphfy with that m the off
spring of healthy and of tuberculous females (12)

A marhed effeet of the age at vaccination was found by comparing
the results 1n amimals at different ages 1t saccinttion There were no
postlive reachions 1 the young vaccinated at {wo wechs until eleven
weehs after vacemation The increase of positine reactions began
carlier irrespective of the type of tubercubn m the groups m which
vaccinabiont ages were higher This increase rose with the age at vac
cnation At all tervals afler saccination the frequency of posttive
reactions obtaumed wilh Calm was shohtly ngher than that obtaned
m}h OT Tius tendency was largel the same wath holh doses of tuber
culn

In Figs 2 and 3 the results of this study are also compared with
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lig 3
The frequencs of positise tuberiulin reactions tested with 10 and 65 my OT and
Calm respectivels which developed during 11 seel s following saceinaticn (f soung
guinea pigs at sarving ages (eumulative percentages) The figurcs of Lhe vertieal
axis denole percentages of positine tubereulin reactions Under the groups of g ilcs
€ denotes the voung of fiealthy THC of tuberculous and BOC of BLC wofeclcd fe
male 2(3a p1,s In each group the piles depote fr m Jeft to right the vaccinatsn
ages of @ 4 6 8 and 10 wechs

those ebtained in an carher imvestigntion (12) of ihe offsprng of
healthy females md of females infected with sirulent hovine tubcrele
hacith (tuberculous fomales)

These fioures show that the frogquenes of posilive reachions Lo doses
of Calm of hoth 10 mg and 0 mg was fusher in the offspning, of
healths females than in those of BCG infected fomades from the vae
cmnabion a.¢ of four weeks Thue difference increnscd with the vaea
nation age When the vicanation age was S8 and 10 weeks the fr
queney of postine reactions obl uned with OT wis higher in the off
spring of healthy females thn thit obtammed tn the offspring of BUG
1nfected ones At these two vacemnation ages 1 mg of OT ive i cven
Ii.her frequency of posilive rerctions in the voung of healthy Lunen
pigs than the same dosnge of Calm produced i the voung of B(G
mnfected femaics

W hen the resulls ebiamed by OT in the young, of BCG infeeted nd
of luberculous femalcs were compared the frequenes of posilane re
achions m the offsprin,, of BCGnfecied fumales tendud to b Tugher

than thal scen in offspring of {uberculous females when the saccina
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tion ages wert from 2 1o § wechs At the vaccinatson ages of 8 and 10
weeks the differences secmed to be wmerted Using Calm there ssas 1
tendency to a1 Migher frequency of posihive riactions i the offspring of
tubereutous female gmnea mgs than m offspring of BCG nfected fo
males when the age of nfection was four weehs or more This applied
ta doses of both 1 0 and 05 md of ubercubin

DISCUSSION

The prescnl mvestigation clearly indicates that the alality to raact
with tubereulin produced by BCG bacteria was weaher BCG saecc
Rated offspring of female gunen pigs wluch had b nfected with
BCG bacteria before impregnation than m offspring, of healthy guinea
pgs

This observation corresponds with what has previoush ben founa
i the offsprmg after BCG vacemation of tuberculous female gumne:
mgs (12) and also n newborns nd infants of tubetculous mothers
(8} and after vacemn hon with other bactessal xutioens as well In this
myestigation 1t 1s quite retsonable Aiso to Lonsider the results due to a
factor possibly with the nature of an antibody transferred from the
mfected female gumea pigs to thewr offspring This factor 15 supposed
to have an inlubating effect on the Mantoux reaction

The circumstances that the frequency of positrve reactions mncreased
and that a change to posttise reactions came earhicr at mereased age at
vaceiintion may ndieate that the influence from the mother decreased
will e Further evidence that this might be the ease ss that the fre
quency of positine reactions obtaned with Calm was higher than re
2chions ta obtained with G m the offspring of BCG infected females
when the age al vaccination was 8 and 10 weeks (Fi, 2 and 3)

For a helter understanding of the sigmifseance of the results m the
‘:‘\fshnahons In fquestion, a comparison was made between the results
ﬂnﬂc‘:)rfr:}s\g(s):?:\r;fc{s::l’dms on offspring of heslthy fumale gmner mgs

e with virulent tubercle bl (12)
was ‘ﬁq‘fc"r ‘: ‘:}';cczl‘"f: were used the frequency of positive reactions
ofte pring of healthy female gumnea pigs than

prin., of females infected with BCG This diff d
il ss considered ta be due {o 1 it T s anlicpate
from TG nfected mothy sy mierference from an antbods derned

e cireumastance that the didference wds
wproximately the same whethes oT
or Calm were used in ihe tests

mi ht wdicate that Calm an,
Between the results n oﬂd OT are simdar antigens A comparison

Spring of females mnf

s mficeted with viralent

abcrele Imesih and those of females moculated with BCG baalls re

:‘; rfr;;:)mnc; of positne reactions was ab

o er than 1n the Iatter Th .

:Alx:i»tit;n BCG et itero thus appeared to lead to ::01::\2;:0‘:;;};: :t;‘
antoux reachon to Calm after the immumzation with BCG vae
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cine that was of a huher degree than the one seen afler infechion with
vrulent tubercle hacilly

SUMAMARY

Mantoux tests were made on offsprin, of BCG infected femnle guinea
pLs

The mfection of the female with BCG bacills led to a delny of the
Mnnloux conversion with BCG tubereuliy (Calm) 1n the off<pring when
they were vacanated with BCG vaeaine The infiuence from the mother
also reduced the frequenes of posittve reactions wilhk this tubireubin

These effects were aserihed to 4 factor possibly with the nature of
an antibody transferred in utero from BCG nfected mother Thos mter
fcrence varied with the age At vacemation and conld be demonstrated
also 1f old tuberculin were used
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FURTHER STUDIES ON THE STAINING OF
TUBERCLE BACILLI

E:3)
ViLuguw HALLBCRG
Recenved 23111 6%

Since the deseription of the “Nachibjau method for sfaming aaid fast
microorpanisms apptared {Hallberg 1946) ths procedure has been
used routinely as onr of the diagnostic starung methods for tuberele
bacilli During the course of ils use problems have been met which
hase led o modificalions of the original method

1t should be stressed that there are differcnt kinds of Nachiblan
some of which give Lood results while others do not In our warh we
Qave preferred the follosing mark “achiblan (\ight Blue Blew de
Mut) Chroma Geselischaft Schmidt & Co Stultgart Unterfurkheim
A desermtton af the staung procedure 1s guen belaw

Staumng Solutions Ele

Stock solutian 4 5 g of Nachthlau 15 dissolved fn 100 ml of 96 per cent cthanol
‘The flash 15 shahen repeatedly dusing the day left at least overnight for seds
mentation of any possible undissohved matersal and Dltered through a fitermg
Ppaper

Stock solution B 4 g h SO, is dissolved in 100 ml of hot distilled water

The Vachtblau stauning solittion 13 prepared By muxing 90 ml of distilled water
1m? of stock solutron B aod 10 i of stock saluten A

Decolartzing ssfution A 9 yer cent mtri acid

De ol3ty 1np solution B 10 per cent ethanol

Counterstain 1 025 g of pyromine 15 completely dissulved tn 100 ol of dlstillel
water after which 03 g of phenol js added

Counlecstasn § G175 g of chrystidine §s dissohied in 200 ml of distilled water
nder Yoiling After cooling 1t is passed through a filtering pape:

v
$ multaneous Decolort 1ng and Counterstaintng Nitrle acid followed by 05 g of
Safranine dissolved 1 100 ml af 20 per cets, Ethaual

Stawung \pparatus

The equipment consists of a stand (1) with a stamme frame on
which the mucroscopie shides are placed and of an electric heating
apphatice {23) for hieating of the shdes (4) The stand 1s made of
Samiiss steel 1t s usually placed over a washing sink The stamnmg
$rame 1a the upper part of the stand consists of two parallel edee
placed serratured plates (o) of an approsimate breadth of 25 em the
ends of whick are altached to tensterse beams (6) which in therr tutn
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Fig 1

are movably secured to the stand by axles (7) They constitute the
support for the microscopic shdes and may as occasion requires by
means of a wheel (8) be slanted forw irds-downwards and 1n order lo
wash the back of the shides also be turned round forwards 4 catch
prevents them from heing turned bacl wards In front of the serratured
plates there 1s attached a narrow steel bar (9) with 4 wheel (10) ind
curved steel wires (11) miended 1o mtercept 1he shides when these are
slanted more or less forwards for the purpose of washing, decolonzing
counterstaiming ete Behind lhe plates there 1s a simnlar Har (12) with
a wheel (13) bul without wires This bar 1s intended to elosc over the
shides while these arc shill restin, on the wires ind to heep them
place i 1t 1s necessary to wash off stunin, solution from the back of
the shides Both sleel bars with their wheels are seeurcd by muans of
stecl springs (14) which rest on ecceninie dishs (15) coupled to the
wheels

T'he electric heating, applimce (2) 1s provided with n ronin, con
tact (3) for conncchion to the mamns It hangs on 1 stand (16) with 1
doublemuff (17} so that it can be adjusied under the preparafions in

an expedient manner (i, 1)



239

Stemng Washung Decolortang and Counlerstauing

Preparations on pucroscopse shies frad m the usul {“‘ “‘ﬂez (;‘ ‘)\;::\i
arran,ed @ a row on the horzont Wy placed staunag fxame {0 W
the bars on botbh swdes (4 12} hve been turned down The Nachiblaw
cotubion 15 carelully dmpped onto Ml the preprations The eletrie
hestmg appliance (2 3) s pheed underneath at 1 swivble distanee
fram the preparations (approvumately 5 em) The electrie current 15
turned on and the prepatons are heated unl they form a haht
vaper Thts takes approumatety § min depunding on the distanee be
tween the heating apphance md the microscome shdes & longer time
of freattns, may oteasonnily be necessary 2 g when a bissue sechon 38
to he slwaed The stama,, solulion must not be alfowed fo evaporate or
dry wp After the heating the ewrsint 15 tarned off nd the beatin.,
ippltance Wited anny The preparaons are then nllowes) to coot for a
pertod of 3 wsn or Jonger The bar with the curved wires (9} 1s farped
up towards the preparations By means of ihe large wheel (8) the
shides are then turnied more of less forsiards downwards They are
kept m place by the wires The stunm, solution 15 1tiewed to run off
the preparabions ave w tshed 1n distitled woter and freated for a fon
secands with 8 per ccnt mitrse aerd Yruynedsately after the peeparafions
are decalosized m 70 per cent ethanol unlid no more colour vomes off
1 e unid the preparations ave apparently decolotized After this pro
ress washing i water 1s performed

Countersiamng 18 carned out with ¢ ¢ pyronme for o fown seconds
or more when seetians v stuned I o yellon cauntes stain 18 desired
the preparafions may be {reafed with ¢hrysodine solwhom after the
mtomne stunmg The vellow chirysoidme corers the red puronne
Trssues and son acid {15t micre arginisms 2pyear more clearty m ths
case than after counterstarming with chrysodiee aloe Afterwacds the
yreprritions are hlotled wih Gitenn, paptr and dned Showtd lon.er
b be required for decoforizing with 79 per cent ethanal or for
eounter staynng which mav be necessary e g for the starmin, of Hssue
seetions the sinfes are turned upwards to 2 horizontal position and the
wires are of neert he turned off beeouse as long s the higwa s
conneclean wilh the wares 3t runs off readty Afier the mucessiry
yemoid of time fhe wires are tuvfied on agam the preparations are
stanted counter stawced washed w water and dried

Shoutd some staw apparently b left on the hack of the shides the
other steet bar {12) may bu swang over the stides while thes are shif
festipg agunst the wares and ait the preparations turned rht round
forwavdis so that the Back may be washed clexn The shdes are then
turned vpnards ajam blolted watly Gilter prper and dried

This appratus way designed for the purpose of sturmng acid fast
baedlt 4t can also b used for the stunisg of ordmary more casis
staable tuero osgamisms withou heuting, In that ease o stmpltficgd
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modifichtion of the apparalus may be uscd i which the curved wires
are aftached directly onlo the foremost serraturcd edge pliced plate
(5), so that the preparations when slanted farwards downwards are
simply gathered up by the wires

A method of stainmng several preparations al the same tume 1s de
senbed (Haltbery 1946) A number of microscopic shides are put into a
stain bashet and immersed into Nachiblau staming, solution which 13
undcr hesting Such 4 solution 1s fuliv serviceable even after repented
heatings This method has {hercfore proved prichieal and tune and
Inbour saving espeetaily when many preparatsons hiase to bo staned
duly The matenal to be examimed must, howerer be securely fixed to
the shdes Pure cultures of lubercle baailh are difficull 1o fix Conse
quently thesc baailly should be stuned 1n a speaial hasket or separately
e g i the apparatus desenibed above

RITITRFNCT
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SQernmsnstitut,
ts of Treponematose and Blopht 10e Statens
Tre Drpartmests Copenbagen Denmarh.

ELFCTRON MICROSCOPY OF TRI PONEMA
PALLIDUM NICHOLS
By
Oue B Jresen hant Hovino Hotcrs and
ARSEL Bimen ANpIRSEN
Recersed 7168

The morphology of several Treponema species has been studied by
means of (lectron microscopy ustng the techmiques of shadow castn,
nepative stunms and witrathin sechoning {1 212 13 14 22 33)

The prescace of fiagella on these orgamsms has been the subjeet of
comsderable controniysy Mdeguehn (23} bebesed that the troponumes
hid an axal flament which was responsible for motibty and that st
differed from « flagelivm only m that 1t was wtraciltutar The fiest
lictron pucro.taphs showed fine thread like appendapes winch were
witerprited as flaclia (8 17 18 19 3b) Iaturimestyators (20 26 29
34) olrerved no flagella

In Hus paper some resulis of an nseshigation using ultrathun sec
tiomng, and pegatne stunig eh on Treporema palhd
nhols are presented In particufar obscrvations onr the numby and
mode of aftachment of the wtracciiular Hilaments of ths orgmism
x well as on the substructure of these hlaments—whieh was found to

be stiadar to that of bacteriat Tl Ha—an il be dealt with 1n detant

MATTRIALS AND WETHODS

The tealn oF Trep nemn pollifum Nt hulst was mantamed by intratesticutar pas
A b s Yo W Y W vpennenac et awdvdord i v, et wad 53
Suip rted by 4 grant from WHO
The anthors ws ht thank Me F Laursen Mes H Tosrsen Mss [ Berg and Yasy
4 € Oiergsard for ther o3 )l nt techmcal assistance Our thanks are alsa due t

Dr B 4a X daen of the {revonematcses Department Statens Suruminstatat for en
thy dastic help and entia m

¢ "The Michals strain was ssolate 1 in 1937 by Magos 1 7 Archals of the L 5 Army
:«" ;nnm‘: 4";"\.( fluid of & patient with ricucreat sypmhis (see Micholys 1 4 &
g

Demonstration <{S pathida m the corebrospingd Muid® 3 Amer med
L €0 109 1:3) end has Leen matntained m te or less ) atoy
#2 @l sinee that fime ¥ ne or more laborate sy
{ humun beings hat

heen abserved wath hus strsly testifylog to ds  ontinued
pathcgenietsy far man de pite 1 ng propa st n i labystony ansmals Ope such
instance b2 s rocent years beea des mbed fram \he State Serum Tastiute € spin
B gen (8 An Nielsen  Laborators infectton in man by T palhiduwm (Nachol)™
Dorument WHO ADT/RES € 192> In 1851 the Scrologieal Department of the

16 acTarary 74 0
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davs Jater the animals were hilled with chloroform The testes w

placed 1 a 4 per cent solution of formahn which was prepared I:;:nr;?r:‘l:ir;:\d
dchvf'lc and ad)nlfltd 1o pH 72 with 01 N sodrum hudroxide (273 The festis was
sphit nd 10-15 § it 1owards the sinus were made in cach part
A fresh portion of the nosing medsum (4 yer cent buffered formalin) sias 1ahen
after this procedure At this stage the testis was placed 1 1% ml of the 4 per cent
butfered farmalin solution and thorcughls shaken for 20 minutes for extraction of
the treponemes The extract was pipetted off and centrifuged at room temperature at
low speed {1800 r pm in an Feco superior centrfuge) The supernatant was further
centrifuged for 60 minutes at 3¢00 rpm  and the pellet thus (biained was resus
vended in redistilled water which bad just been hltered through a 022 4 milhpere
filter This suspension was now centrifuged for 10 Tunutes at 1000 rpm to remove
coarser tissue fragments and the supernstant from thy procedure was finally cen
trifuged for 30 minutes at 3600 rpm The pellet of oryantsms thus obtained con
stituted the matcrial used for negatine staiming or for embedding of organisms. In
some experiments 3 per cent glutaraldehvde in cacodvlate buffer pH 72 was sub
stituted for the formalin during the extraction and purification procedure The par
ticular method of fixation and staining 15 stated 1n the Iegend for each fizur

Vegative Starning

The 1 were ded in redishilled water or :n filtered TPL medium
{23) to a final concentration of about 103 organisms/mt 8% ml of this susy ensoon
was mixed with an equal volume of stain (3) The stains used were

1) 3 pereent (w/3) ammonium molsbdate adjusted to pH 7 sath Vi OH
2) 1percent (w/1) phosphotungstic acid adfusted to ph 7 with hOH
2) 1pereent (3 /1) uramvl acetat¢ pH 3 unbulfered

The mixture of organisms and staining material was placed on carbon re inforced
Formsar-coated grids A than filin of suspension in a 5 mm platinum loop was
applied to the surface of the gnd which was placed on filter yaper In this way an
anmediate removal of the excess suspension and a rea onable dispersion and
nstantancoys drying of the material withheld on the supportsng membrans of the

grid was achieved (71)

Frration of Treponema pallidum for Secttoning
sections & T of cleaned treponemes from
1 sample with & density of ab ut 100 10

For pri of
two or more rabbils was used A 12 m!
organisms/rol was treated as follows

The suspension was prefixed with 7 per cent glutaraldeby Iv in veronal acetsfe
butfer pH 61 and frecd from cellular debns b differential centrifugatl o as al 1
The pellet after the last centrifugation was enrohed fn 3 arm melted agar at 4o €
{15 per cent \oble Agar Difco in veronal acetate buffer pil 611 Agar bl cks f
about Imm? were cut and fived asermight 2t poom lemperatur an 1 per rent O O,
§ s.eronal buttcr plt 61 to which was added 10 per cent 3 AP medium (yeast extracl
~—sodium acetate—~f eptone medium 03 003 and 03 per cent rospectively 3 the
Difro products) After & brief wash i seronal acetate buffer the hlocks were treate {
for 1 hour with @ per cent buffered wrans? acetate pli 6 I (31} acclone delydrated
and embedded In Westopal W (3" A few specameny weve prepared using ghutae
aldehyde prefixshion in cacodslate bufftr 7% snd ro t frvation with osmium fn
yeronal acetate at the same pH Prefixation with formahin or glutarallehyde of
Infected testicular tissue was carried cut by supeavetal gerlasion The rabbil was

fis was expased
anesthetized with an ether nilrous oxide fas Tuxture Acrta af { mine

immediatehy Qistally to the diaphragm and a palyethrlene catheter v as in exte!
Vens casa inferior was cut wide open simultancous with the beginning f the fa

acting 83 Neference Centre for the W rid lealth Organiza
ponematasis Laboral ry Center [ep artment

A (Irofessor T 1 Turner)

n has since been

State Serum Instilute

tion received from the lnlc:na!b({(nl)l Tr&;u A
A I iologs Johns Hophins Lalvers 2.

:ru’l{;{: h\noco\fhlcd with the \ichals strain of T Pallidum Tlu‘ sirat

maintained at the State Scrum Institute by animal g assage
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<tllation through the eatheter of 3 Ter cent gluteraldehsde or 4 per cent [rmalin
wnl}. D s D045 & suwrose/mb sdded (4) Inducation of the testes and hind
himbs was appasent within a few minutes and after apy rovimately 10 minutes com
hete freatvon of the taad part of the body including the orsans of the abdominal
cavity nwas ohserved At the same time the reflax from the vena cava showed only
a shight tiage of 1lood The anumal was fiow sacrificed while sull i deep narcosts
2nd the festes were remaved The testicular tissues were stored overmght at 434 €
in 02 A suctose 1n cacodylate buffer 11 77 Small blocks of about 1 mm? were cut
from both testes and fixed for 1 hour at Toom temperature in 1 per cent 050 in
veronal acetate buffer pH 72 with 0045 g sucrose/ml (4) Afur a bref wash
bulfer with sucrose the blocks were dehydrated in aleohol and p de (16)
and embedded in W estopal W

Sectiontng

Ultrathim sections were obtained on the 1hB ultratome microtome and post
stained with magnesiem uranyl acetate (7) avd Jead atrate (30

Eltctron microscop was carred out nn a modified Philips I'M 1008 snd a Phulips
FA[ 00 electron muroscope at primary magmfications of 1500 X 9000 X 16000 >
and 33000 X “egalves were obtamned ou hedak Fine Gran Safets Positive hilm

and were photographically enfarged as desired For this paper approximately 1600
recordings have heen studied

RESULTS
Gb nfions on Megalwely Slarned Or

The length of the treponemes measurcd along the aus of their
hehwes 15 about 10-13 pan verage (Tigs 1 2 3a 3b) The sborlest and
longest observed 1s 6 and 20 i respectiely Lxcluding the ponted ends
an average thichness of 015 p 15 eshmated About 1 v 2 from both ends
the widih gradually decriases

The central part of scemin,ly undamaged orgamisms shons a wavy
outline with 1 rather constant waselength of 09-13 a wd an amph
tude of £2-03 p Af both ends however the outhne appears more
smooth and straught (Figs 1 and 2)

Reptons of varying eleetron densities are observed 1n the treponemes
This 1s especially obuious m parts showing defiite 3 toplasmne evagr
nations blebs (Fig §} In certamn argamsms some dense round of ring
shaped structures are secn (Tig 5) These mav be true inclusions (eg
pabymetaphosphale gronules) or Just accumulations 1 1ndentations on
the surface of lhe organsms of the beavy metal salis usd for shauung,
The ovleplasmie membrane 1s scen tautly to envelop the cyioplasm

:anle 4 6a bb) The membrine stself 1s prrticularly well scen about

2 p from the ponted ends as beyond this region no cvtoplasm but
cell wall matenal enhy secrns (o In present (Figs 4 and 5) Conse
Quentiv 1 cert nn zontal distrrbution of varying denstties 1s observed at
the tips of the orpamsms 1) A region showang, a granular substrueture

besond the ey loplasmic me:
mbrane  this region
&l wall matenal oph the plaoma mermbrane. pre.

2) a zone mside the plasma membrane pre

S,cn\mu a rather eleetron lucent evioplasm and 3} a mare clccl\?on

("‘J::Lrl;’lﬂ of the cvtoplasm around the insertion region of the fibrils
5

16
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A bundie of fibnil 18 visible m the antenior of the org wisms {Figs ¢
5 §a 6b) Tius bundle seems o ongmate 1 the sublerminal region
{1 e corresponding 1o zone 3 of the evloplasm 18 stated above) andas
generally seen to extend threugh the enhire length of the treponeme
However the number of these istraceliular filmls secms to sary In
n@idu hedds o viewe In the centrat part of the cell a5 many 3 six
ndradual fibnids can be seen (Fig 9) whereas a number varsun, be
iween three and six 1s found more terminally Jocated (Figs 5 6a 6b)
At the reton of tnserhon st mavimum three fibnls are obsened {Figs
5 and ba) Some compo ite pretures have been made showing a himiled
number of orgamsms 1 their entire length 2t a resonably hugh magm
fication {ca 100 900 X} Such mantages show six fibrils 1t the cenfral
part of the orgamisms and only three in the terminal regions In seseral
micrographs the point of nserlion for mdnidnal fibnils s clerly
depicted and three gre alwavs present n either end (Tigs o and B)
Close to the pownt of wsertion 15 well as in the mddle part of the cell
the {hickness ot each indmidual fibol 1s found te be approximatels 160
X but oceasionaliv o few {hinner fibnils mav be seen mn intermediate
regons (Fi, §) The bundle of fibrils 1s fightly twisted around the
cyloplasmic hchix This coiling paftern howeier 15 not completely
regulit At some pomts a sinle or a few fibnls of the bundle can be
seen for some distance to pass strajght along the surface of the cyvio
plasnuc bodv (Fig 4) or to hend rather far away from it thus creating
2 delimite mierspace bebs ven the fihrid and the cxtoplasme membrang
Half of each indwidnal turn of the fibrillar hebx 15 qunte obsiously
situaled alternatingly on the surface of or underncath the evtoplasme
botly of the orgamism (Figs 4 and 5) N ertheless we hate until now
been unable to determine whether this bundle constitutes a left or
risht handed helyx

Filinds outside the cell wall ave seen anly on dimaged treponemes
terc they arc scen either suill possessiny, their ori,inal wavy outhine

AlL {llastrations shaw Trepoaema patlidum Nichols
B = Mo _ he following abhreviations are used
b= he leu. = copalfary fumen CM = cytorlasmic membrane TW — cell wall
Tate Ulh ike bend end on F = fibrils H = huok like berd I = inclusion 1C=
erstitial eell IL _ satermediate laver IP = insertion pomt [ —~ mesosome
N = naclear region R = rib somwe

Figs 1-3
f1¢ { Organi ms with wav
3 outline and a rather constant wavelength “ote the
gﬂﬁlntégrﬂd\s ;?‘d l\hn fibnils outside the helical body in a partly damagel
2lin (ixa
oL Fomelin fxation po wne stafmmg 1 per cert uran 1 acolate Magmt
:ondz‘:‘mud ¢ reanism with & will preserved pointed end Formal n fivation
£ o gl ssl;!nilnb 1 per cent pr:\og»holunuhc scid Magnification 14000 %
orl organisams with the characters
Crnighler ents pog s charactenistic wayy optlme “ot  the

Formahn fivation npegat t.
ceat ammonturs mot bdate Magmfication 13005 x e S UmsE 1 per

Fig ?
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with wanelength and unplitude nearls s )p nndamaged organisms
(Fig 7} or they are found rolled up wdycent to the evtopivsime body
(T3, 8) The fibnis are scen to bend close to therr point of msertion
s forming a smaell hook or 1 hook hike hend (1) (Fiz Ga) Other
rmcrographs of the repion of nserfion show tus ook Tthe hend end on
(Tig 5) In such fidds we pactured round or oval structures with less
dense centres of 70-80 A syrrounded by darher more electron dense
zones of nbout 100 L1n width (Tig 5) A subsirucinre of ihe fHibnls can
be obsered on certun micragraphs showing detached fibrils deposited
darectly on the supporting membranc of the grid {kir 12) Fourio fue
longitndinally arranged subfibnils ¢ wh consisting of numerous globu
Iar subumits with 1 diameter of about 30 % are seen (Fig 13) The sub
fibrils and the patlern of thear subumits N1t well with the desenplion
guven by Jowy £ Hanson (15) for the substructure of bacterial flagelln
{type 1)

In general the ool wall 1s seen i close pposilian to the ovloplasmic
membrane of 1 ntimale conlact walh the mirrecMular fibirdls (¥4 8a
6b) At the f1p of the organism as well 95 1 regens showmng blebs 1
can I found howeser without any dicect cont et with these sirnctures

{Figs 4 and 5}

Observalions on Sectioned Qrganisms

In uitrafhin sections only sinusordal preres of the colls e ncluded
m each section (Figs 14 and 18) The ccll wall 1s seen 1o tightly oo
top the arganisms and to consist of t three lavered membrine (Fugs
14 and 15} The dimension and charaeier of the inple Imered mem
brane are clearhy demonstirable as two dark hnes with a narrow Iy bt
gap n between the total thichness of the mombietne beas, thout 80 X

In true cross sections of the organisms the fiinils are seen to he
Yoeated between the three lavered eol! vl and the three Iyvirud evin
plasmie membrane (Fi, 16) In some eross sections of the fibimls
substructure of these can be distingitished The fibeits appar hollow
with 9-7 dense granules arranged m 1 ring, twound 1 loss dense centre
(T1g 36) On loncitucindl seehions of the frepopcmes the fibnle arc

Figs b
tetoeen aones
The evioplasme membrane (€3 i3 vell seen as @ barleclime
Fas 1 lm?z ifalhr argamism ¢ e¢ toetr Hev ad LN de onld nalt material oty
W) W s seen n Qlo ¢ Lontact With (M exeept wn the rent as of lover
by 1By and the psrt of th ceil where the m:;-l"lrl" bu;une
Formalin fixsthn
tratght along the et plasmic ko (arren)
;i}nyl.l?‘;;:h::ﬂp 1 per cent amm ainm m hisdate Magnificati 0 50000 x’
L “Fhe three yones {ser texty at the tip of the arganism sre clearh flia mlz“
7 Three filitils {1 ¢ with 2a ertun p ints (3P are een dn z ne 3 whereas ! \:‘-
fibrils are seen mere contradly Tw thin fibrils are yre enl atT Wi a0
d‘r’r: csmchm ins (1) ave seen formabn fivatl n acgative staining 1 ger
cent phe phatungstic seld ugnihraty n 800600 X

electron denstty blel
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difficult to sec and only n tangenlially scetioned parts of some orgn
nisms are they observed wilh a double hined appearance (Fi. 15) Bhe
bactenl flagelta (35) The thickness of the fibrits as seen 1 ultrathin
scetions 1s 1bout 120 & Untsl now wwe have not obtuned sections whieh
wnelnde the inserlion area of the fibnils cut m such 4 manner that we
are able to deseribe in deta] Lhe struetures of this reon

Aun amorphous ntermediate lwver appears to adhere lo the outer
dark line of the cvtoplismic membrane (Figs 15 nd 16)

The evtoplasmie membrane 15 1 well defined  three 1mvered struc
ture {(Figs 15 and 16) The ouler ind mnner elcctron dunse Iwvers el
have a thickness of abont 20 % while the muddle layer which s less
clectron dense has a width of about 30 A This tives the cvioplasmic
membrane an overall thichness of about 80 A

‘The ¢ytoplasm contans ribosomes which are rather evenly distn
buted (Figs 15 and 17) In conlinmity with the plasma membrane the
whorled type of ntrustons or mesosomes (6 20) cn he scen (Fig 17)
The nuclear regions are loose and distinguishable from the evioplasm
as [ess dense areas conlamng deheate strands (Fa, 17)

The micrographs of ulirathin sections of the inficted lestes show
that the tissuc 18 well preserved (Mg 19) The spaces between nier
shitial cells however appear swollen (edematous) prabably as a result
of the mfeetion The treponemes are alwass seen exdracellularhs in
these spaces They may be found i hetween the layers of the bas<il
membrine of the tubules but they were never observed mside the
fubult contortt and subsequentls hnve not heen seen in the tubular
Jumen Spermatogenciis scems to he unaffected In the mterstitiil fis
sue the treponemes are often seen rather close to capillins and quite
frequently 1 close proumity to the hasal membranes of these (g
19} The ultrastructure of the organiams 1n the infeeted tissue shows

no diffrence m siruclure from that ohserved in the orgamsms oblaned
from peliets of extracted cells (D, 13)

Figs 6-9

71g 6 a) Three fil rals (F) are inserted gt the In ertion point (IP) Two fibrils are
een ta bend forming a small hook () The third shows this haok lime hend
end co (F} 1) Sharp hends of the fit callar bundle are present (arr » ) Cell
+all (CW) is in clase apposition to the fibnls and the cvtoplasmic mem
brane (CM) Formahn fivatian positi o stang 1 per cent urams) acetate
Magnification 90000 x

Big 7 A damaged argamism showing three fibnils (F) outside the bod  hut still

atlached at the Insertlon yoints The original wavelength of the fibrils 1

presened formalin fixalion negathe stefaing 1 per cent ammonium

molyh fate Magnifieation 13000 x

Filnls (F) rolled up adjacent to the bads of a damaged arganism Formahn

(Il‘ll.ﬂ‘(;n;‘( negative staining 1 per ceat mol biate VI

Hig &

Fig 9 g‘mn 1 part of an organi m where six Oibeils (F) can le seen F rmalin
Dreatr : negative stalniig 1 per cont phosph tungstic amd Magmihieation
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DISCUSSION

Preparation of suspensions of I' pallidum for electron nuerosLopy in
volves an ntensive punfication process for remoyval of teshenlar Lissue
frigments Differential centrifugation 1s generally used for this pur
pose Lither strong centrifuzal fields for short peniods of lime or oy
fields of graaty for fonger periods can be emploved In order lo
minimize the traumatie effects of hard centrifugation 4 gentle euplry
fugation fechmque was chosen Dam ige by mutelysis or other harmful
efficts of the longer pertods employed for cenlrfugation was prevented
by aldehvde fixation prior to and during the extraction procedure
Rather low yields of truponemes were obtained per rablyt byt the sus
pensions contuned an appropriale number of intact organisms and
the amounts of fissue debris were not disturbing, A millipore filtrtion
technique (13} was found (o he unsuttahle for the extracts we obtamed
from rabnt festes

The aldchyde prefixation did not cause any nconsemence for {he
further handlin, of the specimens It should be mentioned however
that 1t was difficult to ebian a neative stunng of the orgamisms with
uranvi acetate The majonty of the cells were postinely styned and
the micrographs presented m this paper of uransl acetate ireated
treponemes all show positive staining

A discrepancy was noticed between the number of intraccllulir
fibrils observed i the subterminal and cenlral repions of the trepo
nemes In severa] hundred orginisms examined three fibrils were found
wm the subterminal part of the cells and as many as six could bhe ob
served m the muddle We have been unable to Iind more thin three
msertion points for the fitaments in the evioplism of the sublerminal
parts of the cells Consequently we are inchned lo beliese that T pall
i \ichals has two scds of Iibrils each consisting of three wndnadual
fibrils snserted into the exloplwsm al cither end of the orgmism “The
fibrils are of such = length that 2 certaun denree of oscrlapmng in the
central Tegion of the cells 15 observed Such a polar allachment of

Figs 10 13

Detail of Fig 11 showing dlsi ion by binary fission The 1w0 new organisms
are sull connecled by the ccll wall (CW) and fibeils (F) but separated by
the v i (@' ficatirn 96000 X
Fig (t & Jow power liel} thustrating the typleal 3 shape) configurati n «f a

disiding trep neme §ormahn fixaticn negathe stamnlng 1 per cent am
monium mol bdate Vagnification 14900 %
Part «f a damaged crganism showing fibrits (1) with an lndicaticn «f
substructure  Four five rowa of subunits can fe distingul et (arrows)
Tormalin Gixation staining 1 per cent urany! acctate f Nowed by 1 rer
cint ammonizm malyhdate Magnification 160008 % fibeit
Detail of a damaged organism sh wing substructure in detache! fibrils
Fise 1% fows of glrimlar subuaits (arrow) are scen Formafin fixatlon
preparation technique as for 11g 19 Magnifiatin 375000 X

Fig 10

Fig 1

Fig 13
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fibrils has been observed previously by Listgarten & Socranshy 11%) m
a study of some oral spirohetes These authors also emphasize the
ymportance of this tvpe of arrangement for cellular dmsion  Later
Pullot (28) has discussed the possibihily that the human pathoenic
T palldwn also has a sumlar polst atiachment of the Iomis To the
best of our knowledge the current fiferature has no further reporls on
mvestiations which ean canfirm or disprovt this theory 'The presant
study however stronsly imndicates 1) that 7 pathdunt “\ichols does
possess two bundles of ntracellular fibrils with one bundle Wached
at esther pole 2) that three fibrils are present in each bundle and 3)
that each bundle 1s tighth wound around the cyloplismic body of
the orgamysm In the central region of the celt the mndnadual fhnls of
the two groups inlerdigitate thus formng a single bundle This type of
orgamzation of the fibriflar bundle and 1ts implication for the motihity
ot Trepanema wucrod: was d d i the paper referred ta
wbove (14) During dryng of the specimens for stumng (negatne as
well as positne) the orgamsms arc subjected lo cousiderable sutfce
tension forces This 1s clearly seen for mstance in the fibrilar bundle
The sharp bends present on the indinvidual fibres of the bundie at the
circumference of the cell are probabls the results of a compression of
the entire f1briffar hehix during the drying process (Fig 6h) Itis also
probable that the few fibrils which do not follow the mam bundle in
some organtsms but which scem to have detached parts of the eell wall
from the csltoplasme membrane are arlifacts produced durm,, drying
The substructural patfern observed in mdividual fibrds of the fi
brilar helix agrees sell with that described by Lowy & Hanson (15)
for 1vpe A hacterinl flagetla It 1s thus tempting to consider the intra
cellglr fibrits of T palludum \ichols as bheing cndoflagella This idea
15 1 secordance with the conclusion drawn by Tistgarien & Socranshy
{13) m therr studs of some otal spirochetes and T nucrodentium
Furlber support for the hipothests of the fibrils beng fla ella which

Fros 1417
Fig 18 Section showing a sinousoidal prece of an Organism The three layored cell
\é\all (LW ) tightly envelopes th orgamsm Fibrils (F) are lacated hetween
Fu s \l w0 the eyloplasmic membrane (CY) (rero v) Mazgni ication 50000 X
@ §« Seclion showing pieces of organisms cut at various angles The cell wall
‘(ﬁ:")‘x:‘::v“n‘ :ll:lsfdc he atermediate Taver (IL) which ss adja ent to the
e 1 b 0 b aad aucl

seglons (V) are scen 6 the interor of the cells Note double imeg ::pe:r

t 56 ance of fibrity (arrow) \lagmification 90000 X
&l 4 :‘ro s sectlon Showing the location of fibrils (F) between the three layered
el wall {C%) and the three layered cvtoplasmi  membrane (CM) The
h\‘;;‘g\t\h\t 12yer [IL} 13 seen ta adhere to the onter laxer of (X Hollow
s‘léoﬂmﬂ;x ean be distinguished Jo Indnidual fibrils (arrom) Magmification

Frg t

arTow) are present

A(m\mn i ustrating the whorled type of mesasome (M) Debente strands
Shrroed ave b lsnooo‘nxme aucfear region (N) Ribosomes (R) are also seen
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are unable to penelrate the eell Wit of the ireponeme may be found by
comparng ther mserhon mio the cvioplwsm with that of bhaclenal
fagedfy Recentls published papers on o subjeel (9 11) elearly show
the small hoohs to end 1m 1 basal body within the ¢y toplasm of Profeus
muabiis A more complex basal or,anelle consisting of two inlercon
neoled hasal dises attached to the lillle hook was ebseried for wdny
dual flagelin of the flagcliar il 10 Rhadaspiriium speces (3} Tor
references on ¢ wher studies on ihe stlrchment of brctersal flagella the
seader 1s referved to these papers Due fo aviations 1 the amounts of
heavy metal salls ted—probahly 4 hng somevhat on the
orscntation of the orgamsms—the defailed substructure of the wserion
pomt of the Bibrns of T pallidum has not vet been vompletely resohved
However the ring shaped struclure observed 2t the end of the hook
mside the ovioplasto ™may very well be the bosat organelle or the hasal
bady of the fibnt Negaite stamn of enzyme treated cells combuned
with properly orsented sechionts through the regron of nserhion wait
probably provide 2 basis for furlber elucidalion of the substruciure of
the termmal parts of the fibniis

Ceht dvvimon n T pallidum “achols oc2urs by banary fesston (T1gs 10
and 11} Unl nows 3t bas been wmpossible to esinbhish with cetiamnty
whether new {dameats are produced or if the already cxisting fila
ments also diade by o fission process o far we hate been nnable to
demonstrate any fatls of old flaments as observed for dunidimg oraf
spirochetes by Laslgarten & Socranshy (14) MDeather has any shedding
of filaments 1n connectum with formauion of Saughler cells been
noliced It must he emphasized however that untsd now only a sery

humited number of nucropraphs of dinading celis have heen wait ihle
far study

Staeral intestigators have found 4 three fayered cell wall m enits
vated non pathogemsc treponemes (29 26 33) The present myestiga
tion shows this structure in the eelt wall of T palhdmm \ichols ¥ ach
taser m the cell wall scems to be thicker than the corresponding tager
m the three lay ered estoplasmic membrane (e g T s 15 and 16}

The eell wall 15 difficult to resolse when the preparation of organisms
Tor uitrathin sectjomng ss performed 2t PH 72 while st 35 elewrh
dulintushed and well defined when the preparation 1s carrud out at

PH 61 Whether ths 1s due to the duffesenee in PH values or 1o the
thffcrnt some enstronments s at present unhnown

- Fags 18 19
0 Setlioned arganism n sifa bn infected rablat test
es € parts of snterstitial

tgoulm()}\l ytoplasmic membrane ¥ Librils ﬂlmsnl;t:s :\\::s:(,;t:\\xn

Fig 12 Seetion af lofected rallot testes Th
® treponemey are seen in f
bet_cen dntrstitlal cells (artaws) or elnse to the busal ;ﬂ'mgr:l;i Z’I"le;l‘e
spilisny Capiliery Jumen €1 Nagolfication 14000 »
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An electron dense laver 15 obsersed between the cell walt wd the
cvioplasmic membrwne (Fi, 16} This intermedinte Iyer 3s seen in
ntinate contact with the ouler part of {he cviopiasume membring
Tins 15 1 agreement with the schematic dr wang of the treponeml
membranes prescated by Puffof 1 us thesis (28) The membranes
surroundin, T palliduin Nichols re thus m complc (L wcordanee with
the iccepted iden of a cell wall mtermedinte laver {mucopeptide) evio-
plasmic membrane complex of the gram ne,atwe bactern

SUMMARY

The ultrastructure of Treponcma palfudim \ichols has heen mvesfipy
ted by mcans of ultrathin sectioning and nea1lise siuning techmques
Some or.anisms were obtuned afler an extraction and a punftcation
process for removal of lcsticular Lissue fragments and others wert
studied i stiu 1 infected rabhit testes afler prefixation of 1he hissne
by suprwtal perfusion technique

The number mode of attachment and the substructure of the intry
cellular fibrils are desenbed Treponema pallidwm Nichols has wo
bundles of filaments each eonsisting of threc ndnidual fibnls n
serl¢(] mmto ihe cvtoplism 1t eiiher end of the orpanism  The substrie
tural pattern of the indivdual fibrils arces well with that of bacterind
flagelln

Ullrithin scetions show the same orgamiziion of the membranes
surr hing Trey Hud Nichols s that now generadly ac
cepted for gram negative bacieria

The ultrastructure of the organisms n the infected tissue 1s wWontied
wiih that observed 1n organiams cxtraeted from such lissue
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PHAGOCYTOSIS OF 3P LABELLED L COLI
BY RAT PERITONEAT
POLYMORPHONUCLEAR LEUCOCYTES

Evaluation of a Method

By
Arne Triepestap  and Tore M EDT
Recened 27 m1 68

The defence of the host against a bactenal mnvaston 1s wnfluenced bv
humoral and cellular meehamisms (1 12) The bactericidal and bacterio
fytic properties of mammahian sera aganst several strams of bacteria
have been well documented (1 21 22) Serum factors are also involved
i chemotaws (6 30) and m phagocy tosis (6 18) Intracellular desrada
tion of hactetia by macrophages appears also to be dependant on the
presence of serum factors {19 24 32)

Bacteria are pootly ingested by phagocytes unless the bacternia have
heen sensitized by serum factors These factors generally called opso
mns can be <eparaled 1 thermolabtle and thermostable components
The thurmofainic opsonins are probably part of the complement system
(6 12 18 29) whereas the thermostable opsonins are more specific and
can be removed from serum by absorption with the appropriate antigen
(29} The relative participation of the samouns components max vary
with the microbes used (26)

Phagocytosis of bacteria can be assayed tn vilro exther by microscopte
examm ition of stained smears (17) or by metheds invaluing cuttration
of nonphagncytosed bacleria from suspensions contaming phagoc;y tes
and boglerza {13) \licroscopic evaluation 1s diffiewlt especially 1n
smears contamin,, large numbers of bacteria W hen a stramn of bacteria
15 used which 1s sensitise to the bactericidal actinity of serum results
of enltination melhods will not provsde reliable information concerming
the number of heteria tahen up by phagocytes

During the latter vears radio 1sotope | 1belling of bacleria has proved
t0 bu v useful ool in studies of reticulocndothelial clearance (2 4) It

This fnvestigation was supported by
grants from Vorsh Wedisinaldepot Doktor
lllexandcr Malthes Legat Noru egran Research Council for Serence and l?l! Humant
tes and from the Verwegran Soctely for Fighting Cancer
Adsess  Inwiind

Oslo Noraas v for Surgheal Research Unnersity Hospital Rikshospitalet

1
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has also been used for sindving phigacstosis t vilro (9 10 28} The
nfluence of the destructive effect of serum on bacter 1 mn such studies
his not however been sufficiently eluerdated

According, to Spit-nagel & Walson (27) the amount of Libel released to
the mediem from 3 P labelled E rolt 1n suspensions contuning frosh
serum reflects the bactenieidal effect of the serum present The release
of? P1s apparently caused by dama,e of the bactcnal cell wall by factors
mn serum which resulls 1 loss of cytoplasmuie materl and baclerial
death (5 27)

It has beun the purpose of ths study to eslablish an i mro phago
cylobe system n which a scrum sensibive strun of bicteria could be
used The system repotted makes it possible to regisler hoth rate of
phngocytosis and the effect of serum on the baeteria by means of radio
1sotope techmque

MATERIALS AND MFTHODS

Sodium te (Nutnitional h Cn Cleveland Ohio) was dissolved in
09 per cent sodium chloride solution to a final concentration of 17 per cent (w/v)
The solution was sterilized bv autoclaving at 190 C for 30 min and storad at 4 €

hrebs Hinger phosphate buffer with 10 m\ glucose was preparcd according t)
Roberts & Quastel (23) The abbreviaticn KRG for this solution will be usd in the
following

Towry's alkaline copper solutisn an this paper ¢alled 1 3 S was prepared accard
ing 1o Opama & Fagle (*%)

21 was supphied as orthophosphate in a sterile s latin containing ph phal
buffer hv Institutt for Atomenergi hiellir Norwas The speafic activity was
05 ml per mg of pho phorus

Scintillation fluid was prepared according to Hall € (ocling (16) 25 dij humsl
cxazcle (PPO scint grade Packard Instrument L Inc Ya {range M) dg

1418 (2 (4 methy) 5 phea 1 xazslh1)) benzene (limeths]l TOIOP  cint  prady
Packard Instrument Co Inc) 01¢g

Toluene (F Merck AU Darm tadt Germany) 700 ml

2 ethoxvethanol (Fluha AC  Buchs SC  Swatzerfand) 360 mi

Formic acid (waterfree Fluha AC Buchs SG  Switzerland) 10 m!

311 reagents were of analstical grade unless otherwise speerfled

Classware
Fperiments were performed in tissue culturc tubes with e 30 em? flat hottom
Tubes and silicone rubber stoppers were suppled by Belleo Glass Ine Vineland N J

(leaning of (lassware and Stoppers
The tissue cullure tules and stepjers were b ifed in soap water for 30 min
boiled in tap water for 30 min  rinsed in runoing tay Water for 20 hours rinsel

in 10 changes of glass distilled nater and dried in hat air

Seintillation vials were soaked in soap water for 24 hours st room femperatute
hoiled twice for 30 tmua in 2 per cont ANS 2 {Chemical Troducts R 1seghgract
Bruselles Belgium) rinsed for 2 hours in tap water and distflled water in an suto
matic washing machine and dried in hot afr

Stensli atton
Glassware was sterilized with dry he

fized In an autoctave &t 120 & for 30

through a Villipore Tilter of tore size 0

at at 100 € fcr 90 min SOppers were stert
min Solutions were sterilized Iy passage
2, Antibiolics were ot used
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Polgmarpharuclear Lencocytes (FMY)

ere obtatned (rom vats as follows 20 ml of & 12 per cent salutivn of sodmm
casernate was mjecied mtrapentoneally 16-20 hours later the rats were anaesthe
tized with ether 20 ml of BRG with 19 11U of hepania per ml was imjected wtn
the peritoneal cavity \fter gentle massage the ahdomen was opened The fland was
remoted with a J shaped pipette anl collected in a plastic centnfuge bottle hept 10
e water Cells from everal rats were pocled The suspenston Was tenirifuged at
2908 A g/5mn/ C 1o a Sorsall RC2B centrifuge The PMIN were washed twice fn
140 L of cald KRG and suspended 1a the appropriate valome of chilled KRG The
oumber of cells in the suspension was determined 10 a Biarker ¢junting chamber

Aligots of 2% ml of a cell app A 8 % 108 PMN
per ml W e icubated 30 Gesue culture tubes at 37 C. Alter one hour the majority
of culls had adhered to the glass surface The medium was removed by decanting

and the cell Javer v as minsed once with 25 ml of 1ce eold KRC by bilting the tubcs
geatly 10 times

A control tube containing a covershp was always included, At termination of the
expermment the cosershp t as removed rnsed mn ARG fixed in methannl and
stained accardimg t3 the Vay Grunewald Giemsa technrgue

Dufferential connts of at least 400 random cells revealed that the atlached eells
consy ted of approximately 85 per cent PMN The remaining population consisted

matuly of large mononuclear cells among which seattered eosmophilic cells an
Jymphacytes were found

Serum

Blood was drawn from anaesthetized rals by heart puncture and was alloned to
clot at room temperature for one hour It vas then kept at 4 C for 3 or { hours
and centrifuged at 5000 X £/10min/0 C 1n_a Sonvall RCB centrifuge Sera from
several rats wer¢ pooted sterilized through Millipare filter as descrsbed and stared

at—90 C The erum was thawed immediately hefore use Rat serum + as used m
&1l cxperiments

Bacteria

The strain used was 1solaled from rat faeces and identified 2s a member of the
,sr;:elms }{:‘:r’.:dn (u:r ¢oft according to Bergeg s Manual (7) The bacteria were stored
ophilized state at 5 C and were also hert b
maElized sate et an subeulture on lactose bromthy

Culture Techarque

The medium u ed + as preparcd according to Benacerraf et af { }

‘h’rhe ‘slr:;ni‘\as cultivated 1n 8¢ ml of medium for 18 hours From this culture
‘lrr‘x‘(‘:“; ;l,) lm] were used to smo ulate 200 ml of medium 1o which was added
et r n}]n led erthophosy hate The bacterral growth was follo ved w + Bechman
et € co <rumeter at 5 5 mg When the optt al density of the culture reached
oc Mz-lx;1 apamnmzmh 00 min ) the growth was stopped bv rapid cooling 1
8 p 1s € él ;he nurther of + able bacteria 1n the enliize w45 astzmated, ta.
o (£ 05 log) usmg hth tube dilution technuque an 1 calony counting on

ar plate Al incubat ons were carrred out acrobically in a shaker at 37 C

Prey ratwon of the Raclestal Suspensyon

The bacterta « ere harsested 14 ce

otrsfugation at 6000 X g/10 min/0
T B cmtnuge The tastens were wash d 3 times St 305 m1 o woe cend
gy pended In 0 wd of ec2d ARC From this suspenst n the apy ropriate
tets 'Yr‘znl;‘l;n:":r:n:llﬂl; the CXperiment were prepared and stored at 0 C The
e grot

ecimanto i oment the ety th v a5 tonped wntil the huctera were u v 1n the

restumatian of the number of iable bacterta

mats indicated fe % 035 log The content ¢
than 1 per cent of the total rad N
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Release of label from hacteria fncubated in yarious media
Aliquots of 25 ml of a suspension of 3P labelled F colt 105 per m! in t
ent media were incubated at 37 C for various periods of time The .:;dl}x‘zr:iu:l:{:ﬂral
of 1 hRG only (M—-—m) 2 KRC with 10 per cent serum (A-—--A) and
3 KRC with 10 per cent heat treated serum (O O Heat treatment was carrled
cut as follows A glass tuhe contaming 5 mI of the same serum as the onc used n
the second medium was kept an a water bath al 56 € for 30 min then cosled in fce
water The serum was centrifuged at 50000 X g/30 min/0 C in a Sorvall RCOB
centrifuge The supernatant was passed through a Villipore filter of pore size 027 4
Total radioactnnity of the bacterial suspension in this experiment was 791000 epm

per ml Released 3P 1s plotted as cpm per ml against Lime of incubation

Phagocylosis Expertments

Unless otherwise stated a suspension was used which ¢ ntainet 109 $ 1 labelled
E colt per ml in KRG with 10 per cent serum Aliquots of 2o ml were adtel t)
tissue culture tubes containing rinsed monolasvers of I M\ The tubes were incubated
at 37 € The incubation time was measured from the moment the tube wax jlace )
in the incubator until it was remaved At termination of incubati n the bacterial
suspension was poured off and replaced wilh 25 ml of ice col! RRG The cell
laver was 1mmediatels rinsed in 4 changes of 25 ml of cold RAC by tilting the
tubes 10 times After drving aliquots of ® ml of [ ACS were added t the tubes
When the cells were dissolsed aliquots of 02 ml were removed for determination

of radiactiyity and eell protein

Release of Iabel from Haclerta to the Vedium

Tubes contamning aliquets of 25 ml nf the test suspen fon of lahelled tacteria
but without PN were incubated at 37 € fcr varicus perinds of time At the en?
of incubation the suspension was quickls piured into chilled centrifuge tubes anl
centrifuged at £000 X £/10 min/0 C Aliquots of 01 ml f 1he clear supernatant
were remosed for delermination of radi activity released te the medlum This was

expressed as cpm per ml

Total Ratioactu ity in the Baclerial Suspension
To alquots of 01 m} of the bacterial suspensi o was s¥lcd 61 ml of LACS o
dissalse the bactersa Radijactlyity was expressed as cym per ml of su penston
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Fig °
Release af 3 P from Jabelled E colt and decrease of bactenial speafic activity
Aliquots of 25 ml of & suspension of 3P labelled F cofi 109 per ml In KRG with
13 per cent serum were {ncubated at 37 € for various perinds of time Release of
of Tabel 1o the medinm total radioactivits 1n the suspension and speeific activit of
the hacteria was determined as deseribed . Matenals and Methods
" M Decrease 1n bacterial speeafic actinaty expressed as per cent of specific
activity at 0 ume Q Q Release of label expressed as per cent of total radio
actiity 1n the ba terial suspension

Sp ciftc Actuwrty of the Ba terta

Aliquots of 25 mi of & su pension of 105 9 P labelled E cotr 1n hRG wese centri
faged at 6000 X g/10 min/0 G The bacterial pellet was dissoled in 2 ml of LACS
Aliquots of 02 mi were removed for deterraination of radioactivity and protemn
conlent Specific actinity Wwas expressed as crm per mg of hacterlal protein

Determnation »f Ra hoactiotty
Aliquots removed from arfous solutions were pipetted direetlv into seintiliation
1als 1o which 10 m of semullation flnid was added Radioactivity mas determined
in .l\:dgl" Chicago Mark [ hiquid scintillation counter at —8 C Corrections Were
matle fr A d e

and decay

Prote n D termination

Pr tewn content of ather PMN ur hacteria was estimated 10 ahiqu ts of erther 01
or 0 > mi of the sulution of eclls 1 1 ACS according to Oyama & Eagle s (27) mo
fi &t of the meth>d of fowry et al (20) A solution of lyophihized human alku
£un (87 per cent pueity AB habi Sweden) n distille « ater was used as standard

RESUITS
The lustrations below are hased on resulis from single typeal cxpen
ments Indniduat experiments were earried out two er three Limes
Preliminary experiments revealed that optimal phagocy tosis oceurred
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Incarporation into unlabelled F colt of 3 P labelled norganic phosph o
labelled substances released from 3 P 1::)):]1:;1 Fcczz phate 2 14
Unlabelled E colt were suspended 1n hRG wath 10 per cent serum 109 per ml 2P
Jabelled inorgamc phosphate as added lo the suspension 358000 cpm per )
Aliquots of ? 5 ml were incubated at 37 C for sarious perfods of time aftes which
total radioactiaty an the hacterial pellet was determined s described in Matertals
and Vethods (O----~0 7 P incorporated in the bacterial pellet expressed na per
cent of inorganic 2 P lahelled phosphate present 1 the medinm S0 labellod F ool
1 KRG with 10 per cent serum 109 per ml were incubated at 37 C for 30 min
After cooling the suspension to 0 € the bacleria were removed by filtratins Un
labelled F cols were added to the filtrate 103 per ml Alaquots of 25 ml of this
labelled F coli and released labdled suhstances were
meubated at 37 € for sarious perlods of time Incorporation of Jabel in the hacterial
pellet was determined as deseribed in - Materigls and Vethods g—-—g Hadio
actinaty ancorporated in the bacteria expressed as per cent of radioactivits in the
medium due to released bacterlal substances

with 10 per cent serum in the medium For this renson 10 per cent
serthn w is used 1 all experiments

Lxchange of I abcl belween Racteria and Medum

Relcase of label to the medium 100 2 P Iablled F colt ptr ml were
sclected s the siandard number of bactcrtnin the test suspensions
The mfluence of various factors on the stibilily of ncorporation of
label 1n the bacterta were studied i such suspensions

From i 1 will be 1pparent that there was considerible reletse
of 3P to the medium when suspensions of * P [abulled I eolt in KRG
with 10 per ccnt serum were meuliled at 37 ¢ The relese of tabdd
increased walh the duribion of meubation In KRG alone or in KRG
with 10 per eent heat trealed serum the rale of reletse to the medium

wis smll Detuls are outlined m the fipure text
W hien control suspensions of P Nibclicd 7 coly in KRG wath 10 per

cont serum were hept 1n ice water hath for two Nours onfv 1 sunil

amount of Inbel wis rddeased 1o the medinm
Suspensions of * I* Libelled 7 colt in KRG with 10 per cent serum

ineubated 2t 37 € for 15 mm resulled m 2 considerable rtlease of
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Release of label from bacteria ce mpared to decrease in the number of viable bacteria
Aliquots of 25 ml of a suspenston of ¥ P labelled F colt iu KRC with 10 per cent
serum 109 per m! were incuhated at 37 C for varisus period of time Tubes 1n
Ariplets were used for each period of incubation From one of the tubes samples
were immediately removed for estimation of the number of viable bacteria Both
tube dilntion technique snd colon tounting on agar plates were used The twa
other tubes were chilled to 0 C, and used for deternnation of released 3P as
described in  Vlaterials and \lethods The number of viable bacteria after various
periods of incubation was subtracted from the imtia) number The dilference was
taken as the number of bacteria hilled at various time intersals The results are
plotted on semilogarithmic paper W--——-MW Release of 3 P per ml
O——— “umber of killed bactiria per mt

labelled matenial to the medium o increase in release of label was
obtained when this suspension was hept at 6 C for further two hours

1 rom Fig 21t can be observed thal during an mncubation period up to
20 min 1t 37 C loss of label to the medium was accompanied by a
comparable dierease in speaific actinats of the labelled bactena

Rewcorporation of “P into bacteria From Fig 31t wall be apparent
that reincorporation mnlo bacterin of either morganic P labelled phos
phate or of Iahelled substances released from #P lahelled F colt was
magmficant during the incubation period used

Release of label correlaled to bacterial mability As lustraled in Fag
4 there was = decrease in the number of viable baclerta during incu
hation at 37 € of a bnetenal suspension contaning 10 per eent serum
Lnder the conditions onthined n the figwre text the dierease i number
of siable bactern after various pertods of incubition paralled relense
of label to the mediim

Influence of vartous factors en phagocylosts Fig o reveals the influ
cnce of the composilion of the madusm am ciat
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Phagocstosis of 3 P labelled F colt suspended in media of different composttion
3 P labelled £ colt 109 per ml were suspended in three different media Aliquots of
25 ml of the suspension were incubated at 37 C for varfous periods of time in tubes
contalning monolayers of PMN Uptake of radioactivity by the PMN was determined
as outlined in  Vaterisls and Vecthods «O Suspending, medium  ARC
A—-~ -A Suspending medium  hRC with 10 per cent serum n W Suspend
ing medium hRC with 10 per cent heat treated serum Heat treatment was carried
out as described in legend to Fig 1

The presence of serum stimulated phagocstosis markedly Heat treated
serum did not show the same stimulating effecl

It w1l he seen from Fig 6 that under the conditions descrtbed 1n the
figure text there was an almost hinear corretilion between uptike of
tabel by the PMN and the number of baeteria an the test suspensions up
to 10° hactersa per m!

The nfluence of meubation tme on uptahe of TP by the PMN will
he apparent from Figs 5 7 and 8 Nearlv maximal phisocvtoss oc
curred after 15 lo 20 min incubation 2t 37

Fxchange of I abel between Phagocyles and Modum
Incorporation of * P not bound to bacteria Incorpor iion into PMN of
mmorg e 3 P labelled phosphate and of ¥ P Libelled substnees redoised
from labelled bacleria was delermined From Fi, 711 will be seen that
ncorporation of cither wis rather smll ¢ ¢ less than 2 per cent of the
total rachioactinaty taken up by the PN during, phigacytosis of hidled
F colt 1 xperimental condilions arc deserihed in the fgure toxt
Release of label from the phagocyles Release of hibel from pharo
evtosed haclera distntegriing mside the PN 1s demonstraled in T
8 As outhined n the fipure tcxt ot could be estimated that during an
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influcnce of numher of hacteria on the degree of phagocytosis
Abqusts of 25 miof & e dilution of a of 3 P labelled E coht m

BRG with 10 per cent serum weve incubated 2 37 C in tubes containing monblay ers

of PMN A standard incubatson time of 15 min was used Uptake of 3 P by the PAIN

was delermuned as outlined fn  Matertals and Methods Uptahe tm cpm per mg of

cell protein 13 plotted on semitagarithmie paper aganst the number of battena
per ml of suspension

sacubation period up to 20 min release of label to the medium never
evceeded 1 per cent of the P {ahen up by the PAIN

Reproductbrhity of resulls A suspension of * P Iabefled E colt 10° per
ml 1 KRG wath 18 per cent serum was prepared Ahiquots of 25 mi
were added o tubes contaning monolayers of PAIN and alsa to contro!
tubes without PAIN The PMN nere pooled from 3 rate A siamdard wmeu
bation period of 1o nur at 37 C was used Release of tabel to the
medium and phagoeytosss was determmed as desembed 1 \aterials

and Methods  Despersion of daty from such an experimient is presented
1 Table 1

BISCLSBI0N

Two aufferent 1 piiro sy stenss are commonly used for the deternunatian
of phagocslosis Phagociies and bacten can he hept i suspenston
durng the expenmental pened (8 13 14 18) or the eapermments
;’;x; be carried ont with phisacytes adherent to a surface (8 1o 29 31

The latier system has cerlam techmical adiantages Washing of the
coll taner befare adding the bacterir wil remove uawanted cells hke
cevthiroestes lvmphoestes and damaged phagocyies Furthermore the
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Incorporation into phagocytes of 8 P labelled rargane phasphate and of laf clled
substances released from 3 P lahelied F col
Fo a suspension of unlabelled F cofi in ARE with 10 per cent serum 109 pur mi
3t labelled inarganic phosphate as added 336 000 cpm per m! Alquots »f *5 mt
af this suspenston were incubated at 37 € in tubes contaming mon davers of PUA
After various perfods of incubation uptahe of 3 P by the PMN was determined as
described in Malersals and Methods (O ©) TP labiclled F orolr 10% jer mt
suspended 1 hRG with 10 per cent serum were Incubated at 37 € fir 30 min After
caaltng the suspeasion 0 G C the bacfersa were yemoted from the me fum It
filtration The same number of unlabelled E colt suspendet sn A with 10 per
«ent sertm Was also incubated at 37 C for 30 min cooled to 0 € and collected by
eentrifugation &t 6900 X £/16 min/0 € in Somvall RC2H ceatrifuge The unlabelled
nreopsonized E coli were suspended i the filtcved medlum which o utalned
rcleased labelled substanves Aliquots of 25 ml of the su pensinn thas « btafned
were menbated at 37 € for various periods of time in tul ea containing menolayers
aof PMN Incorperation of such substances in the PMN was determined os deseribed
in  Malerialy snd Methods (W) As contvol aliquoly of 35 m) of #
suspension of 3 P labclled F colr 10 per mil fn hBE with 30 per cont serum were
fucubated at 37 € for various periods of thme In fubes contsining mon lascrs of
PN Phagoeyte sis of § P labelled hacteria by the § M\ was determinel 2 utllaed
in Materialy and Methads (A~ ~~ A)

problem of separating extracelfuiar bacterin from the phagaciies s
eastly sohved by ustag cells adherent ta v surfice (8 150 For these
reasons the Iatler svstom was ysed i thas studs The ed! poputshon
aur cspersments consisted of approvimatels 8> por cent PN the e
mamng were pram ity arae mononucioar eells

The nse of viable brcler 1s test partseles warrants ex el stand ez
tien of procedures In our expiriments 2 fre shoeuilare of bacterss was
atwans used the biclersa being, @ the same fog phise of growth Onh
« fmited aiteration sn the number of viable bacterta was ohsorsed dur
ng the maniputatiens neecssan 1o prepare the fest susponsions pro
dedl the Bactera were kept at ¢ € during the period of prep i ston



1000 cpm/ml
300
200
.
/
190
—_—

e

L e ———y
s 10 15 20 25
Time {mn)
Fig 8
Release of 3 P from PN after phagouytosis of labelled £ colt
Aliquots of 25 ml of a suspension of 3 P lahelled E coli 10° per ml in RRG with
10 per cent serum were jncubated at 37 € in tubes containing monolayers of PN
After varions periods of incubation the cell lavers were rapidly washed 1n 4 changes
of hRC Tresh medium containing the same number of unlabelled F coli was added
and the tubes were again d a 1ty was dn 01 m!
shquots of the suspension at 0 10 20 and 40 min  as described sa  Maternals and
Methods  After 30 ymn the suspensicn was removed the cell protein of the PMN
determned as described The contral graph was constructed from values obtamed
by summaticn of radioaclivity released from and remaining in the PVIN (@ — @)
The other graphs released iy after teriods of 10
mm (O O 20 mio (A----- A) aud 40 min (@———M)

The strun of E colt used was sensitine to the bacteriolytic and bac
tenicrdal actialy of fresh serum Lysis could not be detected photo
metrically until the susp had been bated at 37 G for more
than 60 nmn On the other hand release of * P to the medium was
apparent aiready after a few minutes 2t 37 C About 2o per cent of the
radioaclinily bound to the bacteria was released to the medium during
anancubation period of 26 min This phenomenon makes 1t desirable to
use short mncubation penods for stndies of phagocytosis with such a
straim of bacteria Our results confirmed those obtained by Spit.naget
& Wulson (27) that there 1s good correlnion belween the rate of
release of 2P to the medium 1nd bactenal death

Cooling the suspensions will effectively stop the serum depend il

tilease of 2P from labelled F colr (27) Our resulls confirmed this
findin,,

1 1s desirable in such studies to use E colt in numbers large enongh
to viddd lngh radioactinvity 1n the samples This will mimmize countin,,

errors By the techmque used 10° bacteria per ml of medium was found
swilable
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TABLF 1
Precixton of Methods for Determination of I hagacytosis and Release
of Label from Bacteria

o Phagocytosts cpm/mg proten Release cpm/m!
1 124856 897240
2 120403 86460
3 137628 93600
4 122314 84620
5 104494 103910
6 124687 115190
7 121177 116780
8 134099 93860
9 110516 91600
10 118164 1001°0
n 147046 95480
12 119107 84.80
13 124183 83750
14 120274 193280
15 129250 77640
19 123361 72390
17 116116 97070
18 127737 78940
19 124437 90300
Mean 129923 93332
sn 8817 13580
S v 2077 3115
$D  standard desiation SEVM  stondard error of the mean

Scveral sources of crror should bo v Muated hufore the system de
seribed ean be deemed useful for practical purposes The major source
of error 1s duc to loss of labcl from the Lacterin Within n incubition
period of 20 nun loss of label 1s tecompanied by 2 deerease i specifie
activity Apparently 3 P hibddled substances ire lost earlicr than baelernl
protean  prosuded {hat there is no merese in prolein content of the
baclcria Consequently the actual uptake of bacteriy v the PMN will
hie Ingher than that indieated by the measured meorporition of Dibel
I'lus source of error will not however exceed 20 per cent durmng an
mcubation period of 15 mun ealenlated from the amount of 21 lost
from the hicfertn With other sera wnd other bactersa this fipure might
be different

Rewmcorporition of labul into bactena s foo small to mflutnec eva
luation of the data Iess than 1 per eent of the radioschivaty present
1 the medm was incorparated m the bretena during the meubation
period used

v mbion of ctll pro
¥ 1 conient of the, %73
b1 stl alsa lend to

"IN rom

the end of cxporment wall inctude
1 that of the phagocytosed hacterin
¢ of underestemation of the aclml
nc}»xl\ of the hibdlicd bacteria
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1t ean however be caleulated that baclennl protein usually constitutes
less than 7 per cent of the measured amount

Incorporation of 3 P from other sources than inlact hactena eannot
conshilule « major source of error 1t has been shown that meorporation
of 2P 15 larger 1n phagocy losing cells than in resting ones (3) Forths
reason unlabelled E colt were added to the medwmm during the mcor
poration studies Our results jndicate that less than 2 per cent of the
P taken up could be explaned by incorporation of Inbelled substinees
released from bacteria

Expulsion of labelled products from bacterin disintegraling w ithin
the phagocytes (11 28) might also be a source of error Results from
studes of the rate of expulsion of label indicate that the highest possible
release of ¥P from the PMN within 1 20 mun period of meubation
could not constitute more than 19 per cent of that tnken up by the cellg

Due to qualitative differences as well as to variations 1n the numbers
of hactena and PMIN from one experiment to another comparisons
should be made belween groups in the same (xperiment Sera from
fferent rats vary in their ? P releasing nd phagocy losis stimulating
capacity When the effecls of various sera were compared there was
always parallellity hetween release of lahel and the de,ree of phago
tytosis shimulation This su,gests that rclease of 1abel from bacteria
has something to do with the process of opsonization

SUMMARY

A method for 1 pitro delermmation of phagoeytosis of ™ labelled E
colt by rat peritoneal polymorphonuelear leucocytes 1s deserihed Op
timal phagocviosts was found to be dependent on opsomzation with
keat lalle serum components The presence of serum caused a con
siderable loss of labelled compounds from bacteria to medium which
Was the mam source of error i the system used The snfluence of other
forms of 1sotope exchan.e was also evaluated With due consideration
of the various sources of error the syslem deseribed should be a useful
tool for the evaluation of aspects of host defence mechanisms
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INVLSTIGATIONS ON THF
ENZYMES AND TONINS OF STAPHLOCOCGI

Relationshup of pH to Growth and Production
of En ymes

By

M O Tirtnaraaanas and H Luspeeck
Recefved 174 68

Virulent strams of staphylococer are hnown o producc 1 number of
enzvmes ind toxins m large quanities in laboralory cullure (3 8) To
what extent such enzgymes and touns are formed willhin host tissues
during mfection 1s not established and the roles plased by the different
componenls i snfection and immunity are still obscwure

A number of conditions affect the production of the different extra
cellular products of staphylococes n laboratory enlture W hat 1s op
timal for the production of one enzsme 1s mbubitory to the produclion
of anoilier The avmlabihty of certain nutntional factors n the medimm
1s of mmporfance [f was earficr shown that {ack of giucose or an aed
pH condition of the medium dimimshed the production of coapulase
{2 20} Shght alterations in the temperature of growth werc also found
to affect the produchion of staphilokintse and hyaluromdase (2)
Further the toxic or stumulatory effect of metal 1ons on the production
of enzames 1s well established Proper amounts of earbon dioxide and
oxygen are imporiant for the produchion of a haemohsin (11} In
order to outline the aplimai conditions for the production of the in
dividual enzymes a svstematie studs of the effect of pH on growih wnd
on the production of exiracellular substances was undertihen the
results are reporied in the present communication

MATFRIAL AND MFTHODS

Strasns Slaghylococens aurens strain Wood 46 (varfant no 10344 ol tained frym
the \atlona} Collection of Type Cultures England) and a faboratory strain Walker™
(phage 1ypt 470 were used ‘The bacteria were stored in the 1 ophilized state snd
subeultured 1n nolrient broth and streaked on nuttient agar 1 lates

Media ond solutrans Sutrient broth {20) was used for the growing of the Walker
stegin whereas @ cascin hydralvsate medm containing Inorgsnlc salts and seast
dialesate (20} was used for the eullivation of the Woo! strain (lucose when
sdded to the medum was sterilized separstels In the autocla € as a len per cent
solution in distilled water Solulions of 30 per cent hICO, and b €O, In dhll"{d
water were stenihized In the autoclare Shereas 1N NaOH en ! 1N HEY were made by
diluting concentrated solntions in sterile distllled water
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mes The culture supernatants used for the determination of
\nﬂ:‘::'::'lllav'il::xa\l\::evhnl freed of cellular material by centrifugation at 30000 g
for 60 minules at 4 C. 00? per cent sodwm merthiolate was added to the super
sotants to prevent bacterlal gronlh The pil optima for the production of enzymes
were different from the pH optima for enzyme actiaty Therefore the super
natants were adjusted to suit the conditions of enzyme assavs
Lipase was determined by the egg yolk agar (12) and Twcen 60 agar plate
methods (1) as well as by titration of the acid formed from tributvrim under
nitrogen atmosphere (22) (oagulase Was measured by determining the plasma
elotling actiaty of sernal dilutions of the supernatants (?0) Coagulase activty was
also d using bacteria In phvsiological
saline contaimng 02 per cent peptone 01 ml of the suspensions Were mixed with
94 m\ of rabbit plasma and examined afler ? hours incubation ot 37 C. Protease
was assayed using gelatin as the substrate by the viscosimetric meibod described
by Ttranarayanan & Lundblad (24) Similar viscosimetric methods of enzyme assays
were used for the determunation of hyaluromdase (%) and nuclease (23} Phos
phatase was determined by the method of Inulss & San Clemente (10) using p nitro
phenvl phosphate as the substrate
Optrcal density The optical density of bacterial growth was measured at 600 my
nsing & Bausch & Lomb S 0 colorimeter Ab: of solutioms from
h were

exper; at 260 and 80 mu with 10 mm Light
path cells and using a Bechman spectrophotometer model DU

Yiable counts Determination of viable counts were made by plating 01 ml of
ten fold dilutions im physiological saline on duplicate nutrient agar plates The
plating was done immediately after each step in the dilution series The number
of colonies were counted after 48 hours incubatwn at 37 C. Oulv plates guving
more than 20 and less than 500 colones were counted

Chromatography on Sephadex € 100 The culture supernatants “ere concentrated
ity times by ultrafiltration at 5 C using Barkefeld filters coated with 10 per cent
callodion & ml of the concentrate was applied on a column of Sephadex G 100 with
® bed size of 24 em diameter and 144 em length using 005 I tris HCY buffer of
pH 74 B ml fractions of the effluent were collected n an automatic fraction col

lector

EXPERIMENTAL

Among staphylococcal stramns vanations i the abihty 1o produce
drft extracelinl b are derable of this
praperty different strains have to be used when the effect of pH on
the production of enzvmes 1s to be studied Apart from this other
factors ke the camposition of the medium the rates of agitation and
passage of gas muxlures the time of growth as well as the type of
titrant used to maintain pH constant exert a pronounced effcet For
mstance the addition of glucose was found to enhance the ‘produchion
of coagulase (20) whereas 1t was observed the present studv that
tlucose mntubuted the formation of protease Prelininary studies also
showed that nutrient broth which was conduenve 1o coagulase produc
4107 was not as effectne as easein hydrolysate medium for the pro
duction of protense ligh yields of phosphatase were obtained when
LHCO, but not when NaOH was used as the titrant by which to mamn
tain pH constant Thus the use of different sirains and different
conditions for cultivation cannot be avoided when a comparative ana
1vsis of the effect of pH on the production of differcnt enzyvmes 18 to be
made Two sirains Walker and Wood were used n the present study
and the production of sic dilferent enzvmes was investigated The
1B
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Walker sirun was grown in nutrient hroth cont uning plnicose o siudy
the production of conulase hyaluromdnse and phosphatise Fhe W ood
siram was grown in ecasemn hydrolvsite medium wilhout glucose to
studs the production of protense lipase and nuelease

Vatntenance of Lonstant pH

The equipment used for the cultivation of the bacteria conststed of o two litre
glass tan! provided with a hid with one central and three eceentrie openinfs A
combiued glass electrode was introduced into the culture medivm through the cen
tral opening The clectrode was sterilized each time with tincture of 1odine washed
with ethanol and filled with a sterle saturated solution of potassium chioride
and then plugged with sterife cotton This was dove in order to ascertain that bac
teria from the previous cultivation did not entcr the culture through the porous
pin of the electrode Such a sterihization process did not affect the sensitinsls or
response of the ¢lectrode as tested with different standard buffer solutionsy

The three outer opemings were 1ntended for the passage of afr £ r sampling and
for the supply of titrant thriugh & magnctic valve requlated automatialls by a
Radiometer pH Gitrator The tank was placed Within a bigger vessel which func
tioned as a yachet and through which water at 37 € was circulated from a thermo
stated water hath The medium was stirred by & mapnctic shirrer set at 200 spm
‘The pH values were recarded continuocusly usiog an I lmes 12 recorder

1400 ml of the culture medium aftcr adjustment of the pil to the set value on
the titrator was inoculated with 1 4 ml of an 18 hour culture in the same medium
When gluccse 15 added the bacteria hiberate acid which shifts the pH value gradu
ally ta the acad side reaching a final value around pH 39 in 24 hours By titrating
Lhe acid so hberated with an alkali the | H could be maintaned constant at ans
sel value between pH 90 and 1 H 45 until all the mvaslable glucose and its meta
bolites were oxidized to acad With one per cent glucose the § H volue cculd thus
be maintamed constant by titratien for a persod of up te 48-12 hours

In jreliminary experiments AIr Was passed over the surface of the mddium in
the tank Oxidation of glucose as judged by acid production was rapid However
such acid production was also found to ocour when the rubber stoppers {ihe G o
outer of cnings were replaced by cotton plugs and no afr was passed through the
tsnl The experiments were thercfore perfrmed « ith ut air passage \s titrants
30 per cent hHLO, and h CO, were used The acid formed from gltec se reacled
with the titrant and produced «arbon dioxide In expertments wilhout glucose the
titeants used were 1% HCI and 1N\ \aOH

Effect of pH on the Growth of the Racteria

The results of expeniments on the growth and amount of titrmls
recorded for the munienince of pH 1t constanl vilues are shown
Fables 1 and 2 The W lker strun showed rood growih n nulnent
broth contarning glucose befwein pivatucs of s 0 and 98 Fhe amount
of titrnt used up nercwsed qr whaffs s e pH s rused from 1) lo
8 » The expertments wilh the Wood stran grown in ¢ isun hdrofvs iy
medium without plucose indicnted that prowth n the absenec of glucose
%1% not 15 LiLorous 1s when glucose was added T ble 2) For example
at plf 65 the number of vrablc cells were about o 10 Limes Ingher 1
the presence of plucose thann s absenee The aptie o daasaty of U
cultures Also showed @ prol nerease In the abscnee of plucose pood
srowth occurred 1 pH valites butween 50 nd 80 Growth was con

siderably iphubtled at ptf 8o and bove
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TABLE 1 . ’
Growth of Watker Stran and {mount of Tulren!
Ffect of pll on Gr Used for pll Mlauntenance

ticat
pHof  Viable count/ml (X 10%) ey Titrant
erowth [} 24 hours 00 my 0 . ml
095 KHCO v
13 3e 117 0210 RHCO 1
50 0603 80 0830 KHCO 17
55 84 *400 1400 KHCO 50
60 DI 964 1360 KHCO 50
65 o611 158 1200 RHCO 50
70 0830 434 1000 hHCO 63
5 0563 18 1100 KHCO 170
86 0510 1150 1100 KHCO 25
35 0503 % 2980 RHCo 0
90 0361 30 0760 K €O
93 o bo13 0 heo [
TABLE 2

Fffect of pH on Crowth of Woad Strain and the imount of Titrant
Laed for pHl Maintenance

pliof Viablecount/ml (X 108)  Opt densits 600 mu

Titrant ml used
growth g gih 48h 72h °4h  48h  T2h

™ 21h #$h 2h

50 0133 10} 682 230 0365 0640 0760

HCt 3 7 10
5% 01l 133 18 217 0455 0660 0730 HC 3 1 96
60 0970 261 178 159 05% 0800 0730 HCI 3 7 10
5 8128 10 599 294 0500 067> 0700 HC 9 1 8
70 0170 39, 871 410 0410 0650 0710 HCl o 2 6
15 0153 489 6°7 3% 0480 0630 0750 a0l 5 6 L3
80 0743 140 290 ”30 05406 0690 0750 NaOH 7 12 2
85 0185 30 A5 20 0380 0490 0510 \aOH 3 1% 1
90 0156 3 20 17 0720 0340 0310 NaOit 9 17 90

€5 063 9690 31°0 530 200 299 107 Na0H 110 117 112

Culture medium contarned 1 per cent gluense
Pr of Extracellular Subst

€ i 1 xtracellul, gul was produced by the Walher
strun in Iarge amounts n the presence of lucose hut nat n 1ts ab
sence The effect of pi of growlh on the produchion of corgulase 1s
shown n Fia 1 The bacteria liberated congulase when grown at plf
above 70 Maxunal coagulase filres were abtained at pH between 7o
amd 80 Higher pH pave deereased titre Coagulise achivity was tested
with the centrfuged hactersa No coagulase actinity w s demonstrable
when he bactenin were grown at pl below 65

I hosphatase The relationship between pH of cullination and the
production of phosphatase 1s shown in Fig 2 Phosphatase was formed

at Vartous pH V alues
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Praduetion of phosphatase fv strain Walher at varfous ptl

at two pit regrons one hetween pH 50 and 60 and snother between
pH 75 and 85 The enzvme formed at pil 8 5 appeared early durning
growth i the medium The smail amount of this enzvme produteed at
the end of four hours mcubalion e 3 pH setniy ennve wilk
optimum around pi 69 (Fi, 3) This wreed closels with the desenp.
tion of the phosphatnse studied by San Clemente & Zofft 1183 However
at the end of 23 hours wcubation the pif activity curse of the fhios
phatase produced at pH 85 showed a hraader oplunum with @ platew
Between pH 48 and 65 (N ) A symslar curie was obtaindd for the
phosphatase produced by the bacten prown ot pif o5 wiving o peak
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pH activity relalfonship of the phosphatase formed during the early phase

of gronth at pH 85

ABSORBANCE 400 mp

Fig 4

tup of the phosphatases produced after 24 hours growth at
85 (O——CO) and at pH 35 (@——@)

il acthuty relations!
pH

aclnity around pH 522 (Fig 4) These curves resembled more the
phosphatase described by Barnes & Morrts (1) These results indicated
that the Walker strun produced two phosphatases one having an
oplimum at pl 69 and another at pH 5 25 Repeated trials to produce
the enzyme component which showed peak actwaty at pH 69 and was
free of actialy at pil § 2a were unsuccessful

Fxpersments done wilth a tiew to separating the two achnitics by
chiromatography on Scphadex G 100 gel showed that the enzymes oc
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curred topether i 2 smgle peah edose to the voud volume (Fags 5 and
6) Turther work 15 needed 1o sec whetber the fwe Aelintties may e

sepasaled by other means ft should be nofed fhat the enzvime pro
duerd at pll 5% and seprrated on Sephadex G 100 gel hind o low con
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Pra fuction of lipase by the Wood straln at various pli @———# activity on tribu

€ 7in (o MW \aOH per tme fer ml fm dlargeter reaction obtamed w1l egg yoTh
(OO} 3nd Theen 80 (X——mX)

tent of proten compared with that produecad at pH 85 (Figs 5 and &)
Thus the speesiic actinity of the preparation was hugh when produced
StpH 55

Hynt fase The prod of nal wse atxariaus pH vatms
was studied and the resulls are shown 1in Fig 7 Maxumal hyafuromdase
ralues weee ohtamed when the bacteria were grown at pH between b0
and 70 with a peak aclnaty around 63 The presence of glucese in the
medium greatly enhanced the produchion of this enzyme

Fipase The effect of pif of growth on the production of lipase by the
Wood sfrain 1s sMustrated 1n Fig 8 The presence or absence of glucose
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curred topethier in a single peak close lo the voud volume (Tigs % nd
©) [ urther work 1s needed o see whether the two activilies may e
separated by other means 1t should be noted thit the enzeme pro
duced 1t pH 75 wmad separated on Scphadex G 100 gel had 2 low con
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coagulase

ey |
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5 6 7 ] 9
pH OF CULTIVATION
Fe 11

Relationship hetween pH of growth and production of extracellular enzymes

another abiove pH 75 Howeser fio dufferences 1n the pH optima for
activity was demonstrable

Desoxyribonuclease Although slaphylococeal enzymes are known to
be achne 2gmnst DNA and RNA  the term Dl\ase was used m the
present study to denote that the experiments were performed using
D\A4 as the substrate Production of DN\ase occurred when the bac
tena were cultivated at pH va)ues bebween 60 and 8 0 grung maximal
wields at pH values between 65 and 7§ (Fig 9)

Protease \o proteolylic enzyme was demonstrahle when the Wood
strain was grown 1m the presence of glucose On a casein hydrolysate

medmm the maximum production of protease was found to occur at
pH 60 (Fig 10)

Comparison of the Production of Different En ymes
at Various pH Values

The relationship between pH of growth and the production of various
enZyMes can he summarized as shown n Fig 11 At pH values between
60 and 70 mavimal yelds of protease hyaluromdase lipase and
DNase were ol 1 C and ph were produced at

pH xalues above 70 Phosphatase was also produced 1n the acid and
hipase 1 the alkaline pH region

DISCUSSION

“The results presented above indicate that the pH at which staphylococer
are cultinated exerls a great influence on the biosynthesis or the hibeta
tion of the enzymes The experiments do not cover more than two
slralyn.s and enzyvmes could be produced hy these stramns ynder saried
Ao as for ple different 1 of media Therefore

experiments seem {o be needed before general conclusions
can be drawn as to the optimal pH values for ther production It
scems abvions howeser that due consideration must he taken to the
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Proteolviic actin ity In the supernatants of Wood straln grown st
varfous pH values

n the medium did nol seem Lo affect the production of this enzyme
as Judged by the achinify per umt of opfienl denaify of the cultures
Sumlar patterns of actinaty were obtamned with the three substrates
No actaly 10 the supernstants was demonsirable when the hicteria
were grown at pH 50 or below The activats gradualls tnercased with
the rise in pH of growth reaching 1 maximal value around ph 65
abore which the actisiy deereised Growth at plf salues of 7% or
higher showed agmn am merease i the preduction of lipase Thus
iipse was produced maximathy 3t tvo pH regions onc at pH £5 and
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occurrence of such strams was noled i a study comprising 400 clmureal
strams These results will be published elsewhere

SUMMARY

Pwo strams of Stiphylococcus aureus Wood and Walker were cul
twated at constant pll values 1 the range of 45 and 90 The effect of
such cullix abion on the growth and hiberntion of varous extracellular
products was studied Between pH 50 wnd 85 good growth oceurred
and addihon of glucose resulted 1n the production of greater number
of viable cells Analysis of the supernatanis of cultures grown 4t
various pH values indicated that different substances had different ptt
optima for biosynthesis or liberation into the medinm The amount of
coagulase 1n the supernatant decreased when the pH slufled toward
the acsd side Thus maintenance of pH above 7 1s of importance for
the performance of routine tests of coagulase actnity 1n the diagnostic
laboratory The experimentl conditions for the production of olther
components by the two strains were investigated A4 great vanation
1n the quantities produced at different pH values was found
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MYCOPLASAMA PNEUMONI {E
INFECTION IN HOSPITALIZED PATIENTS WITH
ACUTF RESPIRATORY ILLNESS

By
Guaner Biseeeeen Josas Stensren and TORSTES JOHASSON

Recesned 183w 48

The mmportanee of Yycoplosma preumoniae 3s an actiolofie agent 1n
fower respiratory tract Wincss has been weil documented through eps
denuologsal studies m the United States nnd m severnt Turopean coun
tries {Ghanock ef af 1963 Marmon & Hers 1963 GoodLurn et al 1963
Jansson et al 1965 Biberfeld ef al 1985 Grayston et al 1965 Chanock
195, Sobeslausly of ol 1966 Alzander ef al 1966 hrech & Modde
1986 Land 1966 Sterner et al 1966 Vi leb et al 1966 Eng 1967
Fet tet of 1967 Hornsleth 1967}

Obsuriations over 4 penod of sexeral years hme shown considerable
£t mthe d of ¥ mnfections m some areas
m the Unted States (Chamock 396>} However n the Seattle irea
there was httle fluctuation Guring a three year penod { Alexander et of
1966) The results of pretious imestigations indieated th it M preume
moe was a common cause of prenmonsa i Sweden durmg the vewrs
1992 and 1963 (Biberfeld el al 196p Sierner et «l 1966} A wore
systumatie study mclud 1 and togical 1ests was mutiated
w1984 to fallow the wadence of I pacumomae micctions oser a
tonger peniod of ime The follewing sreport Qeserihes M cpudemia
totieal serological and ehinical results of a two year studs of ¥ prex

nwnige wiections amen,, hospilalized patints with acute respiratory
dlncss

MATERIALS AND XETHODS

The material studied con Ssted of 7 2 patents mih acnte respiratory infections
B pifalized dormy the period Februare 1963-Match 1966 at the department of 1
fech us diseases Danderyd hospital which receryes patienits from the surroundings
of St chh tm Specimens were eoflected from patients of all axes except cluldren
hadow o sears of age (Table 8) 377 of the patients studied had o roentgenatogicallsy

We wish ta thank Mrs Anne Hommarlind zud Mrs Inga Haag < ho collocted the
srccl;nms #nd \es Heten Jander and Mrs Y Ann Sundguest oy skilful lahorators
asastanee

. 1;(’;;:) work was supporied by the Swedish Vediwal Researck Counerl (F rojeet o
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verified diagnosis of pneumonin 52 cases of congh and feser without rentgenolo
grcal changes of the fungs were classified as bronehitls and the remaining 33 cases
as upner sespiratory tract allness (URI} The Yahoralors exammmations performed
for the diag of U pneurmnmae infect arc Disted 1n Table 1 Both isplation
assays and complement fixation (CF) tests were done n 511 cases CF tesis only
were performed in 219 cases and isolation attempts onhv 1 12 cases Ccld aggiy
tinin reaction was performed with sera fram 338 cases of pncumnnia znd from 50
cases af broachitis Sera from patients with serologicsl evidence of M Jnenmomae
infectron were also tested for €I antibodies ta the Following stral antigens
adenovirus influenza A and B parmnfluenza 1-3 resprealars ssnestial virus psit
tacosis and mumps vivus For varlous reasons we did not ohtam spectmens fram
all cases of resyiratory infection fn patients sbove 5 venrs of age treate) at the
hospital durstg the studs puriod In approuimately 80 cases of pneumonia (not
sneluded among the 377 cases of pneumonia mentioned above) either no specimens
or onlv ap acute pha e blood specimen was tahen

TABLE 1
{aboratory Frmmnations f rformed \n 772 Cases of Respiratory Infects n
for the of M {ae Infec
Jsolation of test tsotation
Diagnosis CF test only assay only Totl
N\ of cases No of cases \o of cases
Pneumonia 205 1o 12 a7t
Bronctutes 8 4 [ 59
n 229 e i 843
Total 511 249 2 n°

URL = upper ey wrators Hlne s

n three familics where ¢ r more fumils members wore bospitalize ! with
ruspiratory ifness caused £y Y preumoniae e sitead «f Infiethon was studied

Thagnostie criterta Recovers af the yicre organism or demd nstraticn € a four
falid or greates increase of LF antibods was taken 28 diagnrstie evilence of Y paen
momae infection Patients whe had (1 ttres of = 1/64 withrut a { urfol) rise
fogether with & p sitive cold agglutimn test (ourfold change in titre or titre >
1/64) were alt classified as cases of recent ¥ prenmantae wfection

Collertion of spectmens As o rule throat washing apd swah s eeimens and »
hlond samjle Were tahen n the first das sfter wdmis fon (f the jatiunt ty the
hasy ftal The second bl) d sample was dras n usually € 15 davs later vhen the
patients were ischerged from the b spital Blood siccimens were alh ned 10 cloy
a1 rocm temperature and were aever chilled before sepueaticn f <erum 1 jrevent
foss af cold agglutinins

€y m etildeen 5 9 vears ld the Do d woy w0 usliv drawn €r m the finger t
(Norrbiy et af 19631 01 ml «f hl »d nas ¢ Nected anl lmmedlate)  mixed with
¢ mi of phosphate hulfcred saline (PRY) conlaining 1 25000 heparin The ery
thricvles were remned by I w spect centrifugstinh The sulernatant wa cn
cidered to repre cot a serum dilutiw «f U3

Jioth a throst washing aml & Whrcst swah spicimen were collected from mo t
cases [ atients were ashed to gargle with 5 ml f safine ¢ ntaining 05 jer cont
brvine alhumin Threat swab weee place ! in ? ml of the same Mlutt The at ggecl
mens were transporte} in therm 3 b 143es pasked with jee an i were either used e
jsolation the ssme day or were dored st 63 G .

Specimen from the nose and thry st were alss tehen for reutine Facterlol gica

ticn

“z:'rm-e‘ me higm  Mgor plates were preparel with 7 parts »f Dife 1110 17".
2 parts of unheated horse serum and 3 path of 7 Pef tent veast extract as de enbe
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by Chanock et al (195%) The medinm also contanel pentarllin (1000 units/ml)
amphotenain (5 ag/ml) and thalliem acetate (500 pg/ml) Broth medium was pre
pared 1n the same way except that Difeo PPLO agar was veplaced by PPIO broth
Broth used for the preparation of Y prieumoniae CF antigen aiso tontained 1 per
cent glucose and 0007 per cent phenol red

Reference stratn The F1i strain of ¥ preumoniae was olitained from Dr Chanock
NIH Bethesda

Isolation of W prewmontae Agar plates and broth were used for tsolation 01 ml
of throat specimens was woculate § onto each of two agar plates and 02m! of the
same material inlo 2 ml of brath The inoculatcd hroth and agar plales were In
cubated at 37 Sub ultures from broth to agar plates were mads after incubation
for up 1o three wechs

Colontes of M pneumoniae were identitied by therr tspical morphology by the
demonstration of hacmolytic actisity (Somerson ef al 1963) snd by the (luorescent
antibody teshoigue {Coons 1300) ay destnibed fn detall carlicr (Riberfeld et af
19 55

Complement frxation (CF) test The CF antigep was prepared from the T strain
grown in broth by the method des ribed by Keany & Grayston 1965 The inocu
lated broth was mcubated at 37 on a shaker until the phenol red indicator tnrned
yellow The culture was centrfuged at 19000 rpm (rotor R19) in a Syinco ultra
centrituge for 2 mmnntes Ahe pellet was washed twice with phosphate buiferel
saline (PBS) and finally resuspended in PBS at a 100 fold concentration This
cancentrated susyension of Y preumontae organisms was purified by chlorofyrm
methanol extraction 5 ml of the concentrate were mixed with 100 ml of chlorof rm
and 50 ml of methancl and the mixture wes shahen vigorously 375 ml of 61 M
aqueous KCL were added and the misture was shaken again The mixture was kept
al 44 until two clear phases formed The chloraform fhase was collected cva
porated and the residue reconstituted with o ml of alcohol 15 ml of 5 per cent
bavine albumin 1n PRS was added 1o the 5 ml of anligen dissolsed §n aleohol The
tilre of the antigen was determined through a cheeker board titration

The CF test was performed 1n plastic cup trays by the drop mcthod of Fullon ¢
Dumbell (1949) Sera were titrated in twafold dilutions piscttes befog changed at
each step 4 units of antigen 2 units Jf ¢ mplement and sheep crythrocytes in a
concentration of 05 yer cent were used The mixtures of serum dilution anligen
and comy lement were allowed s bind at +4 overmight hefore the additlon « f the
haém,?lbﬂtls\s\em

old agglutt n (C4) fest The proce lure folloswed was that deserihe
Hilteman (1956) 0 4 ml of twc fold serum dilotions snd 0 4 mi of 82 :,:;v mtf;lz"‘:,:‘
pension of human O (rythrocytes were mixci and mcubated at +4 € overnight
Tatres were expressed as the imitial serum dilution of the Jast tube showing ag
glatination sisitile to the unaided eye A fourfold mncrease 1a titre or an unchan,
titre of T 1764 was regardcd as positine &g

RFSULTS

Isolatton 3 preumomae was 1solated from 50 patients (19 Per cent)
W61, 267 cwses of prremona from one out of Z8 cases of bronehtr
and from one out of 228 cases of URI Thus the total number of yaql N
tions was 52 In 47 cases W preumoniae was recovered p >
apr platin,,

on ¢
and in the other 5 cases culture m broth \\aspnq“l::':“t

47 of the 1solated struns were Wentificd as M pneun

direct fluorescent antibody technique Al lhc%e[;lrnm,sb;::;m s

ll\"‘m'r\m[\);\s ?X Smnu ey, ervthroevies The olher 5 lsula::::x ’:,,':,
entified only a3 ©

R phq‘\“ls meal eolony morpholesy and by production of tet ¢
From 28 of the patients who yiclded

washing and a throal swab specimen h

occasion In 18 of these eases W pnen

Al pneumoniae ot 4 1o 40 ot
d heen eollecteq g 1Eo watr”
MoRIae Was 1solateg f ,ay g *
19 acr raTh 140
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throat specimens i 8 cases from the throatl washing only and wm 3
cases from the throal swab sample only

In Table 2 1s shown the ime interval i days belscen onset of 1llness
and collectron of throat samples 1n cases from wiuch M pneumonine
was isolated and mn cases that werc 1s0lalion negative but CI posiine

TABLE 2
The Relatron between \l pneumoniae Isolations and the Time
when Throat Spectmens were Collected

No of day s after onsef of \o of cases
illness when throat Tsolatfon negative
spe imens were eoltected Fsalation positive and CT positive
3-7 24 4
8-14 27 5
15-21 [ 3
=22 2
TABLE 3

Dustribution of CF Antibody Titres in the First and Second Serum Samples Taken
from By Cases of Pneumonia Serologically Diagnosed as 1 j neumontae Infechion
The Lilres are Expressed as the Reciprocal of the Dilution

Furst Secand sera CF titre
cPitre <4 8 16 32 64 198 %6 517 1078
<4 s 1 4 3 8 2 1
4 2 1 -
g 1 1 5 2
16 2 3 3 2
32 3 3 1 1
5t 2 2 1 2
128 1 2 1 1 -
256 3 & 2 1
512 3 1

Seralogreal results A fourfold or greatur merease in CI anhbody to
Y pneumgnide Was demonstrated 1 62 out of 363 il7 per cenl) pa
lients with pneumonia 23 cases had a CI hire of = 1/6% without a
fourfold mse All of these 23 cises had also a positise CA reachion
Thus 85 (23 per cent) among 300 cases of pneumonit showed sero-
logeal resulls indicaling & recent M preumontae infection The distr
Pution of (F antibods litres tn these cases 15 shown sn Table 3 The
geomelnie mean hitre of the comvaleseent phase sera nas 17328

Only twa out of 52 paticnts with bronciutis had a fourfold merense
i CF antibedy A Urd case showed a lnofold incrense frem 3/64
17 davs after onset to 1/128 42 davs later followed by a fourfold do

crease 10 titre three months later
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In none of the 344 cases of URI was 4 fourfold nse of CF anubody
demousteated A ttre of 1/128 was found m one patient with sloma
tiis pharyngitis and exnihema Three cases of mononucleosis with
a positne Paul Bummell lest also had gh CF and cold agglutinin
titres (= 1/64) without nise (see discussion)

The distribution of CF antibody titres according 1o age mn the con
valescent phase sera mn 631 cases of respiratory nfection wathout I
horatory evidence of recent M preunomige mfechion as defined above
16 shown m Table 4 191 (30 per cent) of these cases had titres between
1/4-1/32 ‘The possibility cwsts that same of these cases had had 2
yecent mfechion with M pneumoniae although the CE tilres were low
and a fourfold rise was not demonstrated The presence of CF antibodv
was most frequent n the age groups 15-19 and 20-29 years

TABLE 4

CF Antibody Titres agatnat ™ prewmomise in 631 Cases of Respirntory Infection

without Laboratory kowence of Recent \ pneumoniae Infection The Tilres are
Expressed as the Re tprocat of the Dulution

Age CF antibody titre Total % with
vears <4 4 8 16 3 ota antibody
10-14 2% 3 4 -~ 1 i >
15-19 57 23 12 8 4 lgl is
20-29 57 18 25 173 3 116 51
36-33 54 5 [ 3 - 68 21
40 49 51 16 4 hd 1 3 29
50 59 42 1 5 4 1 88 37
60 69 (4 » 1 - 1 2 1
= L 9 1 - 1 102 1,
Total 430 89 51 30 1% 831 10

Cold agglutimins (CA) 93 out of 348 cases of PREWMATIA WLre Post
frve 1n the CA test mn 52 of the cases combined with a fourfold change
wm tire and 1o 41 with an unchanging tre of = 1/64 15 per cent of
these 93 patients had a fourfold mise or a Tigh titre of CF antibodies to
Y prestmomae 80 per eont of 61 cases with a fourfold ncrease of CF
f\nmlcd\cs and ali of the cases with CF utres of = 1/64 without a rise
“ectrce ]:l)lslt\l;()“l::"“)‘:l;‘vct\ test The threc CI posilive cnses of bronchitis

Lotrelalton between isolation and serological res
ship of 1solation to CF anbibody titres n pganenl: \l:fi:\ :::ul:\eol?\t:“\‘s
shown m Table a M preumoniae was 1solated from 31 out of 44 (77
per cent) patients with a fourfold rise of CF antibodies and from 11 out

of 13 {79 per cent) cases with 4 hy =
gh CF tre (S 1/64
The orgamsm was also recovered from 4 of § = 1/64) without nise

with CF titres 1/4 10 1/32 without a fourfold r
19

0 {8 per cen!) patients
15e but from nnne af tha
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147 cases without demonstrable CF antibodies Isolation was successfal
n one of the 12 cases where CF antibody test was not performed As
regards 18 cases with 1 fourfold CF antibods misc and 9 cases with a
high CF titre (= 1/64) without rise throat specimens were not avail
able

TABLE 5

Correlation between the Isolation Resulfs and CF Antibody Titres to
Al pneumaniae wn Patrents with Preamonta

Isolation of

M paeumoniae Total 5 with
Pos Neg 08
No No o Isolation
Fourfold CF antibody nse 34 10 44 7
CF titre = 1/64 nomnse 1 3 14 kil
CF titre 1/4-1/32 no rise 4 46 50 8
CF titre < 1/4 o 147 U7 0
Total 49 206 235
TABLF 6
Criterta of M pneumoniac Infection in 90 Cases of Preymonta
No of cases
Recovery of M pneumoniae and fourfold CF antihody rise 34
Tourfold CI" antibody rise 3
Recovery of M pneumoniac and CI titre = 1/64 nithout rise 11
CF ttre 3 1/64 without nise and CA positne 1”
Recovery of M pneumoniae CF titre lcw withcut rise 4
Recovery of M pocumonize (CF and C\ not done) 1
9

Total

{CF = romplement fixation €A = ¢old aggintination)

‘The number of pneumonia cases dirgnosed as W ppenmoniae in
fection and the laboratory resulls upon which the ditgnosis was hised
are presented i Table 6 Altoscther 90 patients with pneumonit were
classified s cases of recent V' pneamoentae infection

Three casts of bronehiis had Ck anlibody titres compibible with
recent W pneumonie mfeciion Isolation was successhul 1o one of the
iwo cases from which materal was axvaslable

There was only one case of URI with evidence of ! pnemmaontae in
feclion This casc vielded Y prepmontae and had a CF antibody titre
of 1/128 withoul nise

( huucal findings The svmptoms in cases of pneumonit 1ssocialed
with VI preumonae anfection are shown in Table 7 The onsct of 1ll
ness was mostly acute with clults high fever and couph but in 17 per
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cent of the cases svmploms developed slowly over 2 dys or more
Fever shove 390 and cough were present in atl cases Headache and
chulls were frequent The average duration of fever ahove 375 C was
10 days The physical findings n the lungs were often discrete 1 the
beginming of ainess but rales deseloped m 82 per cent of the cases
duning the course of illness All cases of pneumonia were diagnosed
by x ray The roenigenological changes sn the lungs were umlateral 1
52 cases (58 per cent) and bilateral i 38 cases The x ray pietures
were vanable and showed no characteristic diagnostic features The
erythrocyte sedimentation rate (LRS) was elevated m all hut 2 cases
Y alues over 50 mm per hour were found 1n isso thirds of the patienis
The white blood cell count was generally normal 1n only 11 cases (12
per cent) leucocytosts (> 10000 celis/mm?) was found and leucopenia
{< 3000 cells/mm®) was not seen 10 any ease

TABIE 7

gns tn 90 Cases of Pneumoma 4ssociafed wrth

Symptoms and Cltncal Sy
M poeumoniae Infection

No of cases L
Cough % 100
Headache 6o 72
Chilly 6 k<]
Naysea vomiting 40 H
Sore throat 37 1
Aasal symptoms 15 17
Feer 5330 C 90 100
Raley b 8
Pharyngeal erythema 51 57
Cervieal adenopathy 2 28

Before admission to the hospital most pneumonia patients had been
{reated wath antibwtics 70 per cent had recened pemeillin or sulpha
“ni 13 per cent had recened tetracvehines At the hospital the patients
usually were {reated with demethy lehlorietracycline (Ledermyein) In
13 cases pemerln only was used The average duration of hospatal
treatment was 11 dags

Stomatitis without pneumonia was found n an 11 year old girl She
had fecer for four days a sore throat vesiculae sn the mouth and a
maculo papular exanthema on the body The CF antibody hitre was
1/128 exght dans after the onset being 1/64 one month ater ¥ pnew
monige was 1solated from the throat CF antibody lires aganst herpes
smplex adenosirus resmratory syneybal virus infiuenza A and B
'I\:;:n‘p::]ramﬂuxnza 1-3 were negatne No palhogenic bacteria were

e

)(‘omphc:mom In 7 cases of pneumonia exanthema was noliced
which in 5 of the cases was muld and disappeared within a few dags
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The other two patients who had erythemn nodosum like exanthema
had 2 prolonged llness with fever for 17 and 20 days and a high
ESR at 121 and 130 mm respectnely 4 cases with otitts were re
corded 2 cases had gastroenterttis In one case a 23 year old man
memmngo encephahitis with slow cercbration bladder and gutparesis
and pathological electroencephalogram developed 10 davs after the
onset of pneumonia The cerchrospinal flmd (CSF) conluned 70 leuco
cvies per mm? with 34 per cent mononuclear cells and 75 mg per
cent protein The CF antibody titre to M pneumomae was 1/128 and
the cold agglutimin hitre 1/012 1n sera taken 10 and 16 days after onsct
of 1llness Throat specimens were not obtained Virus 1solation from
CSE and facees was negatinve Isolalion of M pneumontae from CSI'
was not attempted The patient recovered completely

Double wnfeclions 2 cases of pneumonia with a significant rise in CT
antibodies to W prenmomae had concomitant staphiylococeus seph
cnerma Thev both recovered In the other cases of W pnenmoniae m
fechion the bactenal findings from the nose and threat did not appear
to have a pathological significance There were three cases with scro
logical evidence of recent infection with adenovirus In addilion one
case wilh a high titre agrunst mfluenza B (£ 1/206) one case with nise
of CF titre aganst paranfluenza 2 and 3 and one ease with nse
aganst mumps virus were encountered Iinalls one palint had van
cella that was followed by Y preumoniae pneumonia and otilis

Age and sex disirtbution The age distribubion of the patients wilh
pneumbonia 1s shown n Table 8 Pncumonit 1ssoctated with W pren
monie was most common (48 per cunt) n the age groups 10-14 and
15-19 vears In adulls 20 49 scars old the wmadence was also high
{33 per cenl) whereas 1 patienls more than 60 vears old nfection
with ¥ premmoniae was rare

TABIT 8
Age Distrebution of Patients with Preumonta Associated uith
M pneume niae Infection

Age in Na of cases No of posithve "v
vears tested cases
0- 4 0 n
5-9 15 2 17
10-14 18 9 50
15-19 4 0 4%
20 29 17 31
30-3% 33 £ 156 21 251 ;I'n 1
40-49 1 13 27
50-59 50 6 l:
§0-62 10 ” H
=0 sr 4

90 24
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188 of the pneumonta cases included m the study were females nd
189 were males There were more positive cases among females (53
cases} than among males (37 cases}

The seasonal disirtbufion 1s shown n Table 9 M pneumontae in
fections occurred during all scasons

TABLE 8
Seasonal Incidence of Preamona Associated with M pncumoniae Infection
1964 1965 1966
No of Do of Mo of Do of Noof N0 01
bost o post o posi
oz TR e N e TN
tested cases testes cases tested cases
Jan Mach 3 8 2 5 8 17 46 10 2
Apmidune 47 13 28 38 4 1
Jwiyset P B B % % 3
et Dec 8 18 3 @ u %
Total w47 B 1l 3} 0 6 10w

January 1964 was pot included in the study

Famuly infections Spread of infection within the family was ob
served mn three mstances In fammly L all three members mother and
two dauchters 10 and 12 years old had pneumoma and were adnutted
to the hospital The 12 year old daughter fell 11l first the motber and
the second daughter 19 days later The daughters showed a fourfold
nerease of CF anhibody whereas the mother had a CF titre of 1/16 1
paired sera taken 3 and 24 days after onset of illness The latter how-
ever had a 64 fold rise in antibodies to M preumoniae measured with
the tetrazohium reduction intubition (TRI) test (Jensen 1964 Taylor
Robinson et al 1966) In family N 4 among 5 members had acule re
spiratory infection The first case was a 17 year old son who had
preumoma treated at home A few weeks Jater the mother and the
13 year old son feli 1l on the same day The mother developed pneu
monia and was admitted to the hospital whereas the son who had
bronchitis was treated at home 8 days later the 22 year old daughter
fell 1l wilh pneumotma and was alse sent 1o the hospital The mother
had CT tilres 1/256 12 days alter chintcal onset and 1/128 7 days later
the daughter presented a fourfold nise of CE antibodies In a third
family of 6 members two of these the mother and one son derveloped
fneumon;a within 5 days and were hospitalized The rest of the family
had 1o overt iness The mother had a sigmbicant nise of CF nnhbodies
and the son presented CF Uires of 1/80 and 1/160 3 and 11 days after
onset of yllacss Mycoplasma pneumoniae was ysolated from hoth
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The other two patients who hng erviiema nodosum ke exanthema
had a profonged afiness with feser for 17 and 20 d1ys and a gh
LSR ot 121 and 130 mm respeetively 4 eases with olitys were re
corded 2 cases had pastrocnlenitis In one ease a 93 ypar-old man
nremago encephialibs wilh slow cerchriion bladder ang gulparests
and pathelogicat electroenecphalogram developed 10 dass after the
onscl of pnetmonia The cerebrospnal flud (€St ) contatned 70 leyco-
evies per mm? with 94 per cont mononuclcar cells and 75 mg per
cent prolem The C1 antisods titre to Y preamontae was 1/128 and
the eald agglutinin titre 17,12 1n sera tahen 10 and 16 8935 after onset
of tiness Throwt specimens were not obl-uned Varus 1solation from
C51 and fieces was negaine solwon of ¥ pheamoniae from CSF
was not altempled The patient reconered compleleh

Double tnfecttons 2 crses of preumoma with 4 sigrualicant rise i CF
anbthodies to W prewmomae had concomutanl stiphslococens sephs
caemit They both recovered In the ather enses of W prenmontae 1
fectton the bacterl findings from the nose and throat did not appear
o bnve a patholoeat sipnific mee Theru were three eses with scro
fopical evudened of recent wnfection with adenorvirys In addition one
case with 2 lugh tilre nqunst influenza B (5 1/206) ane ease with rse
of CI tlre apinst puwunfluenzy 2 and 1 and one case with rse
2guAst mumps tirus were encountered Imalhy one palient had v
celln that was foliowed by W pucwmontac pncumoma and otilis

Age and sex dwstribulion The e distrbution of the patients with
pneumbenitas shown in Table $ Pregmony assocried wah W pren
moniae wis most common (48 per cent) n the age groups 10-14 and
15-19 sears In adults 20-49 vears old the ncutence was also high
(33 per cent) whereas 1n patients more than 60 ears old nfection
with M prewmomae was rare

TABIT 8
Age Dustribution of Palienls with Preumonia Assocrated auth
M pneumoniae Infection

AseIn o of cases “o of positive .
ears tested eases
0~ ¢ 0 ]
5~ 9 15 o 1
10-14 18 9 50
15-19 12 20 13
2g-09 5. 17 31
30-~39 53 1156 °1 35 40 333
40-49 48 3 2_'7
50-9 50 f 15
60-69 40 :
=70 36 0

50 2
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with cold agglutimins wath a titre of 1/64 or higher were also classified
as cases of VI pneumomuae mfection Since a CI titre of 1/64 cn be
found as late as 12 months afler onset of 1llness {Biberfeld 1983) we
required the concormulant presence of cold agglutimins which decrease
fairly Tapudly after wnfection (B nland et al 1940) to make a diagnosis
of reecent V pneumontae mnfcction However n threc Paut Bunnell
posiine cases of mnfections mononucleosis the presence of cold agglu

tinins together with lugh {1/64) unchanging tires of CF antibedy to
M was not ed sufficient evidence of recent W

pneumomae mfcction since cold agglulmns often appear also in mono

nucleosts {(hostinas & Cantow 1966 1% ager 1968)

The inadence of cold agzlubimins in pneumoma due to M pneu
monine has vaned 1 different studies probably due to techmcat dif
ferences or to thfferences as to Lime after onset of 1llness when the
specimens were collected (Chanoch et al 1961 Jansson & W ager 1964
Grayston et al 1965 Griffin & Crawford 1950) In a previous study
during which many of the sera had been sent as routine specimens
cold agglutinins were demonstraled m 46 per cent of enses of pnen
monia caused by W preumoniae {(Biberfeld et al 1963) In the present
study 1 which speciai care was taken to avoid chilhing of blood samples
bufore the separation of sera and the cold agglutination test was made
more sensitive by the use of 1 02 pcr cent inslead of a 1 per cent sus
pension of erythrocytes (Feller & Hilleman 1926) cold a.clutimins
were found in 80 per cent of pneumonia cases with 1 fourlold rise of
CF anlibodies to M preumomae However 25 per cent of the total
number of pneumonia cases with a positne cold agglulinin test were
negative 1 the CF test
In our opimion the demonstration of cold agglutmins although not
path for M pne infection 15 a useful complement
to the CF test partieularly for scrologic diagnosis 1n cases where the
blood samples have been collected too latc after onset to allow the
demonstiration of a fourfold rise of CF antibodies Several of the pa
tunds comprised in the present study had heen adoutted 1o the haspual
ram:'r fale m thewr 1llness and 30 per cenl of the pneumomia cases

C d d as M p wfection had CF anbibody
n titres of = 1/64 n the first blood specimen
taken the day after admussion Thus in these eases a diagnosis of

probablc Y pneumontae infection could be made already onc to two
davs alter admission

fitres nnd cold agghutimyg

The proportion of 1solations 1o postine serological reaction {77 per
cent) was the same n our investigalion as 1 that by Grayston et al
(1962) The same hand of V¥ preumontae CF antigen was used in both
studies 80 per cent of the 52 1solations made by us were recovered by
dtrect agar plating, and the rest after culture in broth Grayston et al
obtained 4v per cent of their 1solations directly on agar and in the other
cases cultinalion 1n diphasic media (broth oser agar) was required
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The chinieal findings in the cases of V prenmontae diseussed in ths
studs are 1 general apreement with those deseribed in presious studies
(Mufson et al 1961 Jansson ef al 1961 Grayston et al 1965 Biberfeld
et al 1965) Ohitis and meningoencephiahitis oceurred as comphcations
to pneumonia in a few cases These clinical mamfestations have been
noted previousts in associntion with Y pneumoniae infection (Rifhind
et al 1062 Sobesinvsly ef al 1965h Biberfeld et al 1965 Shkoldenberg
1965 Taglor et al 1967)

SUMMARY

Sera from 760 cases of ncute respieatory iiness hospitalized during the
period Tebraany 1964-\arch 1966 were examined by complement fixa
tion test apunst Mycoplasma preumoniae antigen Isolation of  pneu
mantae was attempted in 523 enses 273 per cent of 360 eases of pnen
moni1 nd 6 pur eunt of 52 cascs of bronchitis were dingnosed sero-
logieally 85 W pneumomac nfecltons Onh ene among 343 cascs of
upper respiratory allness hnd Iaborator evidence of mfection with
Y pneamonac A prenmoniae was tsolaled from 19 per cent of 267
patients wilh pneumonia Isolation was sueeessful in 77 per cent of CF
posiline cases Allogether 24 per cent of 377 cases of pnenmonia were
diagnosed serologically and/or by 1solahon as Y preumoniae infec
tions The incidence was hushest in the age group 10-19 years where
half of pneumontn cises were associated wilh W preumeniae infection
In adulls 20-49 yenrs old the incidence was 33 per cent
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BRIEF REPORT

THF IV VITRO UPTAKE OF OESTRADIOL IN BIOPSIES FROM
BRI AST CANCER PATIFNTS

By Sten Sander

Hormone responsne and hormone unresponsive bresst capcers gannot he distin
guished by hustological examipation snd currently there is po practical way of
predicting whether one or another patient wiil respond to hormonal treatment
There 1s bowever some eviden ¢ that breast cancers which respond favourably to
hormonal treatment possess a relatnely high affinity to pestrogens () We also
{now from experiments with chemcally induced breast tumours in rats that there
is & correlation hetween the uptake of oestradiol 14 g and the response to oophoree
tomy (4 §)

1€ the uptake ot oestradiol in hreast cancer tissuc yiekds information about endo
crine respinses then uptake studies are a possible apprcach to a selection of patients
who wiil respond tasourably to endocvine treatment

This presentation 1s concerned with the in vtro uptake of oestradiol in human
breast can ers measured in shees of incubated tumour thissue

“The fnvestigation »as earmed out st the Norweman Radwm Hospital dunag
Augost/Ses tember 1377 None of the 25 patieuts had recened previous treatment for
breast can er Radical masteetomy was performed wm all cases and specimens from
the primary tymour and muscle tontrols were tal en ovt for further ct2mination
Tmmediately after exaision of the breast tumour weces of tumour and muscle tissue
Bere put separately In vials contamniog hrebs finger solution The fissues were
Brough without delay to the laboratory and shiced on » Stadie Rigss handmicrotome
Great care was taken to exeise necrotic or searred parts of the tumour before shang
The tumour slices were incubated {n {reshiy prepared hrebs Runger phosphate huffer
contaning 4 X 105 ug oestradiol (6 7-112) per ml of medium Three paratlds (60 70
mg of tissue) from each tumour were tun The sneubstion perlod was 7 hours at
4 € Sheletal muscle was incubated to serve a8 control [he ipcubation was ter
minated by removal of the slices from the medinm the slices were briefly rinsed
0 Tris & etate buffer pH T4 ond blotled dry Subsequently the slices wer homo
£ nlzed by witrasonic dismtegration in §5 N NaOH ADquots were taken from the
k far of &y 3nd for protess determination Radio
2cthly was d 10 & ligumd system N Jene 80 ¢ PPO o &
101G 005 ¢ Formic atsd 10 8 Ja cthanol %30 m} dloxan 385 m} znd x512138 mi
The samples were counted 24 hours after preparation in a Muclear Chicago Laguil
Seantillatzon Counter mark 1 model 6806 Protewn determmnation was periormed on
diloted ahquots by the method of fowry ef af {31

Concentration of radioactivits 1n the tumour tissue and in the muscle controls 5 as
espressed a3 DP Y per mg of protein The uptake capacily of A fumour was ex

gressed as the ralio between \he cobcentration of ratioactivity 1n Yumour and
musele contro}

Tissue for histol 0 parafiim snd sections statned
with haematosy lin/easm

The rupacity of tumours to take up uestradiol 13 shown In Fig 1 1t 1l be seen
that some of {he tumonrs display a high uptake capacity w)sle others 4 n t cchn
sentrate t edabetled sterord significantly

t may be said 1Y a onr measurements dnide the tumours imto two yapulat on
9 of the cxamined tumours show a disunctly ugher oestradio) uplake 11

was

the re t

Ree wed (31 €8 from the Department of Surgtcal Research Riksh spitalet Osla
and the Uniwereddy Lastutute fos Patholon cal 4nafomy Rafshospitatet 0 1 N arwoy
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BRIEF REPORT

TRANSFER AMYLOIDOSIS ULTRASTRUCTURE OF THC TRANSFTRRED
SUBCELLULAR FRACTIONS

By Jokn Wanstrup & Poul Ranlov

The adoptne transfer of experimentally induced amyloidosls between syngenefe
mice using cell suspensions {rom easen treated donor mice (W erdeltn & Ranlot
1966) or spleen cell homogenates (fractionated) obtained from similarly pretrealed
donor mice (Ranlep 1967) has recently been described The conclusion to be drawn
from the latter etperiment lends support to the assumption of a messenger function
operating 1n ths iransfer system and bung located to the D\A protewn” fraction
(Medawar 1963) of the from the d spleens

The present report deals with the ultrastrueture of the sub ellular fractians of
the transfer system reported by Ranloo (1967)

Experimental Procedures

0 randomized C2H mice were pre ymmunized with 17 daily easein injectrons The
spleens (total welght 30 g) were treated as previously described 1n order to obtaln
a suspension of erushed cells (1¢ treatment m a Potter Elvehyem homogemzer
repeated washing 1n a solution of cold isotonic saline and distilled water repealed
homogenization in a Waring blender at top speed ultrasonic irradiation and finally
centrifugation at 5000 g for 10 minutes 1n the cold) The final amvloidogemc sedi
ment  DNA protemn  (Vedawar 1963) was prelixed in glutaraldehvde 3 per cent
after fixed in 0s0, and embedded 1n Vestopal W Ultrafine sections wese cut on
a0 LKB ultratome ‘stained with lead hydroxide and urany1 acetate and inyestigated
10 a Siemens Etmiskop I The non amy was d at
35 00?‘3 ‘fur one hour and the resulting scdiment prepared in a similar way for

in the electron This latter fraction is termed  Antigem
sediment  according to Medawar (1963)

Results and Comments

The D\ 4 protein fraction Ultrastrueturally this sediment appears as a hetero
Eencous substance made up of more or less nuclear and

brawe s {F1g 1) The d structare 1s strongly osmrophilic pon mem
trane lined aggregations of a granular materral From its morphology and the fact
hat this fraction 15 strongly Feulgen positive 1t seems justified to interpret these
of nuclear These i s are
eutar Dods samoanly gra ;\ar m:\lndx“ :o:lngxm; 2 number of Jamellar and ves)
hondrion hay me ih:" coated with ribosomes (()::asinna!ly a single mito

bundles of amyl N
¢s of amyloid are seen interstitially This is to be expected since 5-10 per
i;‘nl of the donor ammals showed minor degrees of spleen amylordosis following
m:hzlseln treatment \o fntact cells or larger cell fractions appeared In this sedi
dntigenic sediment fraction This non amyloldogenic fraction appear
diflerent from the one desenibed ahove It appears more homogeneous ‘::2;1;;:53; ‘:l::
non identifiable granular and vesicular material However evenly dispersed lasger
and smaller clusters of probably free mbosomes or polvsomes are seen o other
3toplasmic or ruclear constituents could be recognized (Fig 2)
The present preliminary study allows the conclusion to be drawn
U That we are in fact dealing with & subcellular transfer svstem in the ex
x::::m:iﬂ mouse amyloldosis as no intact cells were present in the insestigated

as
dispersed in a mamly gran )
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HUMAN TARTRATE NFPHROPATHY
Report of a Fatal Case

By
BraeT RoBERTSON and LEANART LovsiLL
Recebyed 23 <11 66

Tartanc acid and ils potassium and sodwm salts are frequently used
n baking and are common conshituenls of effervescent pondurs (11)
Thes also have 2 medhieal use as eathartics (oral dose 03-2¢) (37 11)
o loxic effcels on the human kidney have been obseried after the
admimisiration of therapentic doses (10) Iarger doses however are
said to cause renal damage (3 7 11) The letal dose of tartaric acid 1s
estimated as 15-30¢ (1 2 6 8) and according to Underhill el al (13)
fatal instances of tartaric acid poisoming have been reported This stale
menl was not supported by any references and since we have been un
able to find any descriphion of human  tartrate nephritis 1n the recent
Interature the following case reporl seems o be justified

CASE RCPORT
Clirical History

This report concerns a 51 year ald confectioner previously in good health except
for a gastric ulcer for which he was successfully operated on twelve years prior to
his terminal illness Fight days before his final admisston he accidentally con
sumed some gulps of a strong (probably 50 per cent) agueous solution of tartaric
aad which was hept in 2 lemonade bottle in a refrigerator The amount of tartaric
acid ingested was estimated as approximately 30 g Noticing the strong acid taste
the confeclioner realized his mistake but he ignored the symptoms developing
during the pest 94 hours s o disrrhoea snd balelera) Jombar pain Nis condition
gradually deterforated but he did not sech medical advice On admission he was
oligunic and moribund He died mathin a few hours after admission just as pert
toneal dialysis was being started

An snte mortem urine specimen had a specific gravity of 1008 contained protein
and glucose but had a normal sediment Acidosis and considerable hyperkahaema
{12 mEq/l) an increase in the serum creatin ne level to 205 mge and am PSR
of 77 mm/h were demonstrated in 2 blood sample

Autopsy Findings

Autopsv was performed 48 hours post morters The predommnant lesions were
found in the kidne 5 The latter were of equal size and their combined weight was
3352 The ouler cortex of b th hidnevs contalned multiple sellow areas visible
from the smooth surface as Irregularls rounded patches varying in size up to about
$em in diameter and baunded by a dark red and apparently haemorrhag  zome

70 acTamAm T3



Fig 1
Ridney with ecrtical infarcts with hacmorrhagie borders

Their af pearance suggested anfarcts the snner b riler of the ¢ arcas howeser ran
through the mid-cirtex more cr less parallel to the kidnev surface (Fig 1) The
rest of the renal parenchyma was paler than normal with a distinct corticomedul
lary porler The renat pelves were normalls wide wathout esidence af inflamma
tion The urinary blad fer was pot eemarkalle N\a thromln or ans mural lestons
were visible in the main renal arteries r vemns There s as no rarrowin, of the
ortic onfices of the renal arteries
In the gastro intestinal tract there was surgical absence of the distal part of the
tomach with gastro cateroanastomosis (Billroth 1[) The jejunum was m deratels
tisteniled but there was no macroscopical evidence of enteritis
Fach pleural cavity contained 500 ce {f elear fluid There was moderate pulmonan
oedema The ccrenary arteries and the aorta sh wed onlv slight atherosclerosis
otherwise the cardiovascular <sstem was normal with a heart weight of 280g

Other argans were not remarhable
for were taken from the hidnevs liser spleen

myocardium and pancreas

On routine paraffin sections the following stains were used haematoxylin and
cesip van Cleson ladewig v n hessa the murexide method f r caloium and the
1A% modification suggested by Curr (4) for tartarie arid among other things

Mieroscopteat Findings

The renal lesions were localized mainhs to the cortex The vellow zones obsersed
at autopsy cor plete necrosts The centre of these areas
was devoid of any cellular reaction whereas the margin were heavily imfiltrated
by lymphocytes and neutrophil granulocstes (Fig %) Particularly at the inuer
margin of the mfarcts there was precipitation of a fmels granular substance which
stained violet 1n PAS sections (Fig 3 A) The granular material remained unstamned
n von hassa and in mureside stame  seetions At the b rder of the anfarets thert
were intramural ocdema and nccrosts tn the walls of man interlobular arteries
and arterioles and many of these yessels were Gfled with fibnin thromby (Fig




"

SRR

f}i.*,"","r % )é'“@

Yo s L
2

| o
S‘\ qe»i ‘;

(YR

Microscopical view of renal eottical infarct The urface of the hidney is seen near
the upper margin The subeapsular area 15 a site of heavy wfiltration of inflamma
tory cells whereas the central zone of the Infarct (Iower half) 1s acellular

Van Gieson X 83

In non necrotic areas of the cortex there were extensive epsthelial lesions 1a the
proximal as well as 1n the distal convoluted tubules and m the loops of Henle
Apart from disintegration and desquamation (features that may in part be due to
autolssis particularly in the proximal convoluted tubules) the epithelizm dis
plased promineat nuctear and cytaplasmatic pleomorphism There tvere hyper
chromatic nucler and rather frequent mitotic figures ndicating regencration (I'g
4B) The disintegrated epithelium was often mixed with hyaline or granular casts
in the fumina particularly i the collecting tubules of the medallarv ravs of the
cortex (Fi, 4A) Most glomeruls 1 non necrotic areas were normal but 10 a fen
the epithelium of B wman s eapsute vas swollen (Fip 4 A)

The medulla was a site of epithelial lesions stmilar to those in the cortex but
less pronounced Many of the collecting tubules were filled with hyaline or granular
casts Slight inte stitial infiltration of 1nflammatory cells mainly Jymphocvies was
present in non ne ratic areas of the cortex and m the medulla

20



Fig 3
Jower margin of renal cortieal infarct with | romineat depasition of granular
matersal PAS X 150
Mural oedema and neerosis and fibrin thrombus in interlobar artery (left) at the
margin  { renal infaret [adewsg X 150

-

The liver was a site of moderate fatty degcneration The spleen had pryminent
hsaline changes in the arterial walls The pancreas and msocardium were n rmal

COMAMFENT

The chuucal pittern dasplaved by thus palient sncluding mlestind symp
toms devcioping within 24 hours fter the consumption of tartaric qaid
defintely fsours the diagnosis of poisoning {1 85 So do the wide
spread tubular lesions n the hidnev (11} which are sumlar to those
of experunent ] tartrife nephrifis 1n dogs and riblits deseribed early
my thus cenlury These experumentalls produced lesions were smd o
consist of necrosis of the epithehmm of the convoluted tubules and of
the loops of Henle The glomernl however were reported to be largely
unaffected apart from the accumulation of albuminous precipitate®
(5) or Iarge 1mounts of serum  (9) in Bowmnn s capsule In our pr
ttent there wos alsp 2 vascular component with oedemt and necrosis
of artenial walls and fibrin thromb: The mechamsm of deselopment of
these vaseultar lesions 1s obscure Since there was no chimen! husiory of

haperlension or iy istolooic evtdence of systemntic vascular disease
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Hysline casts and G

tion of the epithehum in cold
Some swelling of the epithelum of Bowman s

tubule (left)
capsule (rght upper} 1sn Gieson

frregular disintegraled tubular epithelium together with hvperchramatic nucle
and mitotie Tigures (array s) indicating regeneration Lan Cieson X 30

the intrarenal sascular changes are most probably related to the other
renal lesions present It s difficult to asscss however whether they
were the cause of the cortical nfarcts or developed secondarly

The nalure of the granular malenal at the margin of the infarcts
Wso Temams 10 be expianed In PAS stuned sechions the sranules
appeared intensely Miolet stamed Though far from speeific this stan
ng reaction suggests the presence of tartanie aed saits (4)

Chemieal analysis of hidnev tissue was not performed sinee onky
formibin fixed materal was avulable

SUMMARY

F Wl acute renal diseasc deseloped after the imqestion of approuimaltely
30 g of tartaric acid The renal lesions consisted of corlical infarets with

fibrmomd  neerosis and thromb m the sm i intrarenal arteries and
extensive degencralion of the tubular epithehum This latter feature

corresponds 1o the previowsly deseribed experimental  tartrale nephn
1] the dog and in the rabint
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The D of Oral Hi hol 1 and Oral Surgery
Unnersity of Umed Umed 6 Sweden

EPIDERMOLYSIS BULLOSA HEREDITARIA

5 The Ullrastructure of Oral Viucosa and Shin in Four Cases of
the Letalis Form

By

Tore ARWILL AXEL BERGENHOLTZ and
HoLGER THILANDER
Recened 1913 63

The first studies on the ullrastructure of the skin in eprdermolvsis bul
losa hereditaria (e b ) were purformed by Pearson & Spargo (1961)
followed by Pearsor (1962 1964) The simplex dvstrophic and leihal
types were studied In the sunplex form there was a disintegration of
the cytoplasm of the basal cells wilh no changes 1n the dermis In the
dystrophic form the maimn symplom was a necrosis of the collagen of
the upper dermus layer The basement membrane was largely ntact and
formed the roof m the bulln In the lefals case there was a separation
belween the basal cell layer and the bisement membrane in the inter
mediate zone

Other imvestigators (Laptere, Castermanns Elias & Firhel 1961 1 ogel
& Schnyder 1965 1967) hnve cniticized Pearson s classification Laptere
el al (1964) claim that their letalis case is not quite analogous to
Pearson s single letalis case sinee 1n their case the changes are located
primanly m the ¢y loplasm of the juxta dermal basal cells In two letahs
cases Bellone Caputo & Clementt (1962) noted damage m the cytoplasm
of the cells m the Malpighian layer In two of the three dsystrophic
cases studied by Vogel & Schngder (1965 1967) and 1n one case studied
by hobayast (1967) 2 sepatation was found n the same place as
Pearson s letalis case

As the mterpretabion of the morphological picture in the shin on an
ultrastructyral level 1s somewhat controversial 1t 1s of interest to in
veshgate the problem furlher especially 4s ullrastructural changes in
the oral tissues from epidermolssis hullosa hereditaria letalis (ebhl)
have not been reported earlier 1n the avaifable Literature

MATLERIAL AND METHODS

1n four cases of ebh1 (cases 8 9 10 and 11 in paper I of this serics Be yenholl &
Olsson 1968) and 10 one lhree month M ontrol case (operal on m terial f om
a_case With a cleft hip other ase healthy) biopsies from clini Ilv intact skun
{forearm shoulder ani 1ip) and oral muc sa (gingiva tongue and bu ¢ 1 mn osa)
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Control case Cingina Tonohlaments rather scanty Mitochondria and
hem1 desmosomes humerous

Fig 2
b 1 hem: anit tonohilaments sparse
Fhol A Gingna B Skin
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L.hh1 Cingiva The epldermo dermal Junction 0tact In the onnective tissue
arcas of oedema

were taken by exclsl o with o sealpel and carefels

» forceps in_order to counteract
into one mm? pleces with a razor

blister formf N
blade the

Jir cent osminm tetroxd le silution (Rhodim 11
After embedding §n ¢ron the pecimens wer 3
1t slaining was perfarmed with uransl ace

sectoning survey <ectitng were sl
microscope for arientall n A Zeiss
were used for viewlng

tained fn te
dleetron mi

Lout
r

ut u Ing punch
the vje umens
a ¢hill o one

lteot me
Uef re thin
n a lght
~Hlop 1T
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Fbhl Gingna

of some mito
chondria The ¢y idermal dermal junction intact Ordmary width of the mtermediate

OBSFRVATIONS
Conlrol Case

Biopsies of shin (upper hip) gingna (right upper second decrdunous
molar region) and oral mucosa (left bucen) were taken from a three
month old ehild

It was noted that the sub epithelial connective tissue in the chiid s
looser than 1n the adult The number of tonofilaments 1n the eprdernns
is reduced The epidermo dermal junction displays rather frequent
h The tocl iria in the basal epilthelial cells are

numerous (Fig 1)

Epidermolysis Bullosa Hereditaria I «talis Cases

In areas with an imtact basem nt mambrane 1t was noted that the
epithelial tonofilaments arc fev 1n number The herr1 desmosomes
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Fbh) Cingna The epidermo dermal jumciion intact In the connective bissue
arcas of ocdema

were taton by exesion with a sealpel and arefull DLifted out with ut u g punch
or forceps in arder to counteract blistee formation Afler diniding the specimens
1nto one mmd pieces with a razor hisd  the specimens were fited In chilled one
per cent osmiunt tetrowade solntion (Rhodin 19ad}

After embedding i epont
Post stammin, was performed with uransi acetate and lead <ib
sectianing suney sechions were stamned 1n tolmdine blue and viewed bn 2 hght
mcrascope for ¢ rientation A Zeiss plectr n maeroscope ant 2 Siemens Flmskop H

were used for viewing
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Ebh1 Gingi a d in the of a lal cell

forming & perinuclear halo zone Scattered mitochondria and lnnnhl:mvnls mn
the zone

membrane could be seen (Fig 7) The struclure of the henn desmo-
somces appeared to be changed The ordinary lamtellaled pattern could
nol be discerned only a diffuse granular substance (Figs 8 A and B)

In some specimens a widenin, of the intercellular spaces and a
marhed ncrease in the size of the blisters were obsersed QOn the con
nectine tissue side acdema and tree crylhrocttes could be seen i the
mjured arca Disintegration of ectlular and intercellular componenls



Fig 7
I'bh1 Cingiva Two blister formations 1n their initial stage The Blisters  rm in
the intermediate zone

was frequently present The cellular membranes were mjured and the
basument membrane was indishinet (11.s 9 and 10) The desmosomes
appcired to be mntact cven i areas with widoned inlereellular spices
(b1, 11) In A few specimens there was 2 more or less total disintcgra
tion of the epilhelium with 1 deercase 1in number of (he desmosotmes
{Fig 12) In the connecine hissue adjcent to the blister there wis t
Ivsis of the different structures

DISCUSSION

The speeimens were tahen as mentioned hove from chnieally mtact
shin and oral mucosa Howaver as the cinldrun were greatls injured
ouly small arcas of mtact shin and ornl mucosa werc found i some
cases The observed changes could therefore he expluned eitha as
bum,, present Wt the Inopsy moment thou,h the biopsy region loohed
clinienlly sound or experimentally produced 1 spite of the carcful
biopsy {echnique In our opinton most of Lhe changes may depend on
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4 Control case Cingna The herm lesmosomes have a lamellated pattern —
B Ebht Cinmva o lamellated pattern can be observed 1n the area for the hemi
desmosomes only a diffuse granular substance

the fatter alternatine as it 1s well known that minor trauma may cause
the typieal lesians of this disease and we hae also found that ordy
nary punch napsies almost wnarnably produce blister formation A
careful bropsy techmque therefore is essential n order to study imtial

changes of ebh1 With our sealpel tcchnique many of our specimens
tlso scemed tobe  traumitically sntact even at an ultrastructur il level
n earher ight microscope investigations of enses of ebh 1 a separa
tion 1t the eprdermio dermal Junclion has been noted

The tolwidine blue staned survey sechions exhibited 1 picture con
sistent with carher reports given for skan (e g Roberts et al 1960) and

for oral mucosa (Arwifl Bergenholt & Olsson 1965) to which the
reader 1s referred




Fig 8
Ebh! Cingha B i disant r helial el with evidence

o
of injurs and in some arcas Joss

Consistent with the obscryations by Pearson (1962) by Vogd &
Schnyder (1965 1967) and by Ru enfeld (1966) oedemalous changes
w the subepithehal connectiie tissue were found (F1,, 4) In our opn
1on 1nd i agreement with Aobayast (1967) these changes ire an early
sign n the pathogenests concomitant with the wmtial disintegration of
the basal cell mitochondnia (tig 4) It was not possible lo determme
whether one of these chanyes preceded the olher

‘The halo formalion wound the basal ccll nucler eventnalls formed
A zone of disintepration contamne remnants of mrlochondria ind tono-
Claments (Fig 6) The siymificance of this change 1s not readily ap
parent

In agreement with Pearson (1962) u was found that in a chmcalls
mtact area ncipient changes could be noted m the form of the dis
appearance of the normal structure mn the intcrmediate zone anchnding
the henn desmosomcs (Fig 8 B) The opinion thal the basal cells ruest
directls agunst the basal membrane could not be verified however
(Fig 4)

The structural changes 1n the intermediate zone could of course be
of importance n the blister formation
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Fig 10

th erythr At the t
the blister the basement membrane 1s clearlv seen

Ebh1 Gingiva Bhister &

tissue side of

The observed changes are similar in all four cases and no differences
buween the pctures from the skin and those from different regons
of the oral mucosa appear (gingna bucca yesuibulum ons ind apex
hnguae)

The discrepancies n the obsersations published earhier may be ex

1 acTaean 43
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In the widened
pluned by a confusion 1 the classilication of the casts and possibh

by 7 less adequ e samphng technigue
tahen from the skan and from different places wn the oral mucosa (gin

In four cases of eprdermolysis bullosa Mercditnna letabis bropsies were
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Fig 19
Ebhl Gingiha Extreme widening of the Intercellular spaces Some desmosomes
can still be seen

giva bucea vestbulum ons and apex hinguae) Conlrols were tahen
from a thrce month old healthy child

The electron microscopic observations in the ebh1 cases were

(1) The tonofilamcnts and the hem desmosomes were reduced n
number

12) The mitochondna were as numerous as i the control case

(3) Primary pathological changes were {(a) oedema i the subepithelial
connective hissue not far from the basement membrane (b) 1
apient d of the 12 where the cristac dis
appeared in the hasal cells as well as mn the clear cells (¢) an
eleclron opaque periuclear zone which cventually disintegrated
leavin,, remnanls of tonofibrils and mitochondna free (d) widened
ntercellular spaces between the epithehal basal celis

14) The furlher deselopment was characterized by the following
changes (n) accentuated widening of the intercellular spaces but
still with intact desmosomes (b) formation of minute yestcles

between the basement membrane and the basal cell membrane n
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the intermedite zone (e} disapp rance of the lapellated pattern
of the hemy desmosomes and subistilation with 1 pranufar sub
shinee

(3} Tte changcs were (1) progression of the wulening of the inter
edlulir spaces {h) marked merease i the size of the blisters
e} inyury 1o the cell membranes (d) ncrease m the ocdema of
the conneetive tissue and free ervihrocyles indienting 1 injury to
the capstlarics

(63 Ultimately tota) disintegration of the epidernns nd the under
Ivin,, injured parts of the conneclive tissue resulled

(7) In all four c1ses the obscrvations i M shin and the oral mucosa
were wlenticnl
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PENETRATION OI' CIRCULATING
FLUORESCENT PROTEINS INTO WALLS OF ARTCRIOLES
AND VENULES IN RATS WITH INTERMITTENT
ACUTE ANGIQTENSIN HY PERTENSION

Bo
Frvy OLsey
Recersed 221 65

The pathogenesis of hypertensiie sascular disease has been studied
model experiments m various speetes Thus it has been observed in vivo
m renal hvpertensive rats through a window placed n the cranium
that cerebral arteries reacted with local dilatations and constriclions
along their coursts The same patterns of response of vessels were ob
served along the arterioles situated at the surface of the small intestine

(Byrom 1954) Turther 1t has been shown that in acute hypertensne
vats a dep of mtravenously njected fl \

7 takes
place in the walls of arteroles m the papereas ntestine mesentery
and heart {Grese 1961)

In addition 1t has been demonstrated m acutely hvpertensive rats
that the dilatalions which Byrom {1904) observed were permeable
sometimes for intravenously mjeeted colloadal carbon particles while
the constrictions were never permeable for such particles (Grese 1964)
On basis of these observations Giese concluded that plasma protens
mght accompany the colloidal carbon particles and settle 1n the wall
o e vessth

The aim of this work has been to prove or to disprove Giese s assump

tion that plasma proteins just hike coliowdal carben parbictes onty setife
in the arteriolar dilatations of acute hypertensive rafs

MATERIAL AND METHODS

4 mals White female rats weighing 180-200 gra
Andesthesia A solation of Smythall 25 me /iy s rateeiet o
m;'rm heris A Solubion of amythaly 25 g ‘ml was injected intraperstoneally at
uotescent profetns A modification of Varrn's (1962) pro
ocedure L
Rhodamine RB20D was emploved. 20 Mg of RE00 were grn;n:s,tggell‘)?:‘:l’:;
This work
of Phg ork was supported by groats fram  Rang Christian \ s fond  and the grant

The author is indebted 10 Dr L T Mann for reading the manuscript.
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Rate of clearance £rom the plasma of a .
2t of homala
with B 200 The molccular ratia of fluore Brome fo t,:f;:;."n“}f’aﬂl:oﬁ:"{‘;“m

800 mg of ICL, in a mar
Treed of the Sroner ¢ rt&]rzf‘;tﬂr :::?;rﬁ“dn ﬂ‘:“:f:l n,m 1 the mortar was 2s completely
recovered ponder (about 300 mg> was addcd 16 wbeus 1on i), &8 Possible The
fuxﬁn n:‘ hamologous serum proteins in the course l:.tr h:!;“inm;-n:::cn‘(n:)n";ln i‘n
hound dve was Femoved partly w N -
fhrough » G 2% Sepha e solimm The moteerlos pome g somplelels by filcation
roaged from 11103 1 After thix the half Bfe of the ee ot tochrome to Droteln
P in o ‘h'c r;;n}m:atc I the citcutatlon of
infection and found 1o be betncen 54 anl 7 hours (1ie 13 Schmiee et s oy
foned the same hall Me for Muarescein Tahelicn hosloe emmn cporer «f al (1833)
lmlurs ufller tnteasenous injection to rats e werum albumin yp the frst

0 each experiment 60,0 mg RB 20
08 vatame oF ahaws 38l of photphate S P cepen, oL enot
response to the injection which was done e
pressure. tose 5-1 mmbig hat deerease ) agoun o e sormal s D s b
Jection was compleled Three rats were 1nmccted witn T om0 dooeston e
Serum proteins and thre rats with Rt 00 labelled porcine gamma glabubn oecus

tngrotensin Hupertensia CIBA was dissohel i physiological sine

The techrique of the expertments After camplete nn-cqnfcsm ;ndmlf duced
tracheotoms was werformed and the common carobd artery nas ¢ matated with
2 needle for recording of the Blond pre sare The ncedic was s snected to an anerord
manometer via a tnbe of polyethilene For inteavenous wingcction of angrotensin and
fluorescent protews catheters of polyethylene were | laced n the yugular veln and
he (cmnrnl(\“c(l‘::‘?: :;rnun! of the (::Lnol,cr;mm of undcs)ra})lc tachiphviavia duning

cated iy -
wath 4 5 minutes wntervals between the mycctions Th’xs’rck:"n::-;oi;;\‘:;‘eyd“(;?1‘:;:)::
pressure to rise from abous 80 mmils ¢ alaut 150 mmily a rise wheeh was }nonn
to prouce the desive ! patterns of the vesscls fiom the first series of mgections
Such cepertments were Hitted for the purpase becan ¢ dilatztions and constrictions
catt be rep rodnee } exactly 10 the same places along fhe arlerioles 1f they disapprar
jn relation to the decrease of the blood pres ure bitween the mnjections In this
a dilrtation as o local expansion of an arterirle the diameter of

which is undonbtedly sncrcased with respeet to the diameter of the asteriole belore
the njection of anglotensin A constri tian 1s defined as a local narrowing fthe
diameter of which 15 undoubitedly smailer than the diameter of the arters le before
the injection of angiotensin The cxpersments lasted 2s hours At the end of the
experiment 8 window of piexiatass was ploceil 1n the abommal wall of the yat In
this was 1t was possible 1o observe & laop of the small mtestine through a stereo

japer we define
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imicros ope and observe the patterns along the asterioles Then In relation 1o a
rise of the hlood pressurt such a loop of wtestine was frozen instaptanceushy tn
pivo with isopentane cocled to the freezfng pownt with liquid mtrogen ‘The windew
was nat placed in the abdornal wall watil at the end of the experyment because
1t was observed that the small intesting became quickly paralyzed apd distended
IE the window had been 1n place throughout the entire 2'3 hours duralion of the
expeniment In eather experiments with colloidal carbon particles as tracer for
plasma proteins it Was ohsery¢d that hgh t drylng of the surface of the intestine and
mechagieal fnfluents on the intestine chanded the permeability of the vessels These
faults were avoided uung the deseribed techuique After the Instantapeous fixation
with 1501 entane the 1ntestimal loop was freed further 1n absalate alcohol in #-8 davs
at minu 20 degrees de Using this 1 ihe s the con
strichions were preserved unchanged (Giese 1964)

Control anumals These animals were treated 1n the same way as described in the
techmaque of the experiments Tul were shjected ntravenousiv with physialagical
saline 1nstead of angiotensin Three vats Were injected sih RS 200 labellel bomo
1o ous serum proteins and one rat with RE 200 lahelled porcine gamma globuhin

tfreroscopt al preparations After ficalion the intestinal lcop was cleared In
mettn] benzoate and dafatationy and constricions were dissected out under 2 stevea
tmeroscope These were embedded in paraffin cut into five micron thick serial see
tions and finally ined under s 1l t

Some of the acteriols containing fluateseent prolemns jn the wall were stained
later with persodie acrd—Schift s reagent (PAS) or wilh hematoys hn—eosin

RESULTS

The arterioles and venules {owards which the attention was directed
:;l:;qug):?gexgzgzsgfe;: d{l::}r:)elcr measured th vwe During periods of
cent i relation to the d]'?mﬂcrﬂf;g;“ﬂe““e“’ e o e
oo oo to the drame ors befote the sngechion of angiotensin Fhe
s was decreased by about 2u per cont
Dilatations From the three rats injected with RB 200 labelied homo
logous serum proteins 39 ditatations were exammned by microscopy In9
:fq;;wsc {about 23 per cent) fluorescent protems were observed n the
From the three rats injected with RB 200 Iabeiled poreme gammn
globulin 29 dilatabions were examined by mucroscopy In 5 of these
(a})uull 17‘pcr cent) flrareswnt protewns were sbsersed n the wall
“n: nlollc‘:c:;'\‘l;l;on‘s contaming no flnorescent proteins mn the wall 1t
s ! at the walls wire very thin nearly like the walls of the
mﬁz(s:::;‘\: sc:)\lmn‘ 1t was possible to follow that the deposition of fhe
of the vean II:I lh(;"f“ were situiled in 2 small part of the crreumference
T oo Irst sechions reached the Iargest extent in the follow
nh 1ons and then diereased a-am 1 exttnt until the wAll cont
nsr:orc‘ fluorescent protemns (F1., 2) o i contmed
Mmm:ﬂl“n::?:dll \:als mpossible to determimme 1f the fluorescent proteins
Ll 10 the \51 ‘l" Iv along the tununal side of the endothelium and
Sth pemates l'\ of the vessel Therefore some sections were stamed
ot oislil)'md cosia and examned by Iight microscops In this
Tounl lh:\lr;hc !”1 ¢ to determine the exact thichness of the wall Tt was
Sl msmnlcx:ullhrzsnor the wall in the sectron stamed with hema
nyority of cases corresponded completely to
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Fig o
The superior horizontal row Hiustrations of serial seetions of a dilatation without
depasiting of fluarcscent proteins in the wall The thickness of the wall 1s nearly
the same the wall around and from one sectlon to another The inferior horrzontal
row  [Nustrations of scrisl sections of & dilatation with depositing of fluoresceat
proteins In the wall The wall 45 thicker corresponthing to the locahion of ihe
Iuorescent proteins than where no fluorescent proteins are deposited The 1Tlystra
tions are peoduced 8y a tracing from photographs of the dilatations stamned with
hematoxylin and cosin The nuclet are hatched and the deposition of the flu rescent

proleins is painted blach Magnification 306 X

. i
t y
I -
S AL
D ax-ian

nt proteins in the wall

A Th of a with of fluor

corresponding te {racing number one and fnve in the inferior horizontal row of

g v 8 Ph t of o dil, of proteins in the

woll 1y a hematoxyhin cosit staiming, The photograph corresponds to the tracing

nuther gue 1 the mferlar horizontal row of Fip ® and to photograph number one
m g 3.4 Magmbeation 630 X

the width of the fluorcseent protemns measured in the fluorescent miero~
scope Only wn very few pitces around the eircumference of the w x}l]c;
very small difference was measured between the thichness of the “11
i tie hematoxyhin—ecosin stawung and the width of the fluorescen

prolens Corresponding to these places it was 1o eypeet that a very

thin border of finoreseent protuns w1s sitnated at the surface of intimn
o this way 1t was possible fo conclude that the wall of the dilatation
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Fig &
A Drawing of a grain of fluorescent protein in the wall of a constristion Mag
miation 340 ¥ B Drawing of a branching of 1 constricted srteciole with penetra
t1on of fluorescent proteins inta the wall of the leaving branch Magnification 340 X

really was thicker corresponding to the position of the fluorescent pro
tems than that part of the wall which contained no deposition of fluor
escent protens (Figs 2 and 3)

When stuned with PAS dilatations contunming fluorescent proteins
1 the wall showed weak but undoubted!s positive PAS stamn,, exactly
where the fluorescent protemns were situated

Constrictions Trom the six rats 47 constrictions were examined bv
macroscopy In none of these were found such marked depositions of
fluorescent prolemns m the wall 2s 1n dilatations but oceasionally a

gram  of fluorescent protein was obsersed in the wall of a constric
tion On the other hand the endothelium was clearly permeable for
i proteins eorr d to a branch of a ronsinicted
artenole but this phenomenon was found n only one sechon (Fig 4)

Venules In the walls of the venules fluorescent proteins were recog
ttized very offen as 1 spotled intrusion (I ig 5) n spite of the fact that
the venules were not reacting with the pattern of local dnatations nd
constrictions which was charactenistic for the arterioles when angio
lensin was injected mtravenously A more uniform dilatation of the

Fig o
Photosraph of a
part af a yenule w tk Jacatian of {luote cent proteis
luminal side of the wntima and partly sn the wall 3Iagn"’rr:::u:;ps‘t;uu§<“ the
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venules id not occur m relation lo the injeclion of angrotensin On
the contrars of could be seen throtgh the abdominal window that con
striction of venules corresponded to the rise of the blood pressure
folfowing, the intravenous injcction of anqtotensin md that they slowl
returned to the state prior to the anyeetion of inglotensin with an
fecompinving duere 1se i blood pressure

Control anunals 10 arlerioles wnd venules were examined by micro
scaps but in neither the awtenioles nor the venults wore fluorescent
protems recopnized m the wall Very often 1t was seen that Ihe fluor
eseent prolemns were situated 1s 1 thn harder upon the lummal side
of intima

DISCLSSION

The named results confirm the assumplion upon winch Grese (1964)
hrsed his interpretation of resuils saith collosdf earbon particles that
plasma prelemns mamiy deposit m the w il of dilrtations of the arte
rioles i acule hyperiensine rats But besudes the Jocabization 1n these
arens the fluorescent protuns have disclosed that i constriclions the
endothelium was tn some arers permeable for 1 gramn of finorescent
protetn Correspondin, to 2 braaching of 1 constricled arteriole it was
found mn one scction that the endothehum was permeable for fluor
escent proleins

On basts of these resulls 3t has heen established that dilatations
account m 1 consider ible degree for a depostting of fluorescent proleins
1n the walls of artertoles In this way dilatations are 2 very important
structural change m the artertoles i the walysis of the pathologs of
the acute hyperlensive dam,e of the vessels i rafs

Becuse Tuoreseent protems hae heen recognized n the walls of
dilatatrons 1 oniv about 20 per cenl of 1l such areas that have been
cxamined under the fluoreseen! microscope 1t may be concluded that
duatation 1s nat alone sufficient to account for the duposition of fluor
escent proteins 1n the wall of the arteriole An dditional fictor must be
imporiant before plasma protans will punctrate into the wall of the
dilated arteroles A sumudar vies was tahen by Giese {1966) in fus thests
(page 115-116) bised i purt upon Abt & Bruckners (1900} and
Byrom's (1963 a) ne,atnve Justologienl findings in exammnation of ves
sels from the retinas of hypertensne rats cont unm., dilatations and
constnctions and 1 pict upon the resulls of the techmique which Grese
(1964) used with collowdal carhon particles as tracer for plisma pro
teins By sterco mucroscopy he ohserved many dilatalions m 2 smgle
field of viston but only vers few of these contuned colloidal earbon

he wlf
pa{s’;ﬁ;‘;\ss;nc(lxllm(ln( earbon particles arc phagocy hized by cells belonging
to the rclicuto endothehal svstestin the course of 10 munules after ‘lihc
yntravenous 1njection 1t 1s possible thal other cells (for exnm]{y}lcﬂcn :l
thelial ets) handie the collordal ewrban parhicles i 3 way differe
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from plasma protemns Therefore 1t has heen desirable to use fluorescent
protemns in order to campare the resulls obtuned with collmdal earbon
parheles In vddition the fhuorescent protns grve 2 better gquanbitatne
mmpression of the permeabilify of the ¢ndothelium in difitalions than
collordal carbon particles on account of the longer persistence of the
fluorescent proteins m the circulabion

n 1908 Duguid € Anderson published hustologieal findings from 72
cases of hypertensiye nephrosclerosis These results dicated that the
hyaline thicl entng which ¢an be obsersed i e arterioles of hyper
tensne palients could be produced first by a deposthon of components
from plasma upon the luminal side of the endothelum and second by a
growth of endothelial cells across the deposit of the plasma components
In the present study of acute hypertensne expertments wath rats 1t has
not been possible to observe such a1 development of the hyabine thicken
ing of arteriolar walls On the contrary it has clearly leen observed
that the walls of the arteroles were thicker m the places where fivor
uscent protemns had penetrated the endothelium than n places where
no {1 P had been deposited mn the wnall The deposthion
of plasma proteins 1n the walls of the artenioles had a hyaline appear
ance when stamed with hematoxshn and eosin  The nucler of the
smooth muscle cells were normal

SUMMARY

In rats wath intermittent acute hypertension after repeated mtrasenous
njections of lirge doses of synthetic angiotensin dilatations along
arteriales situated at the surface of the small intestine were disposed
far the penetration of ewrculating fluorescent protems into the arterolar
wall That part of the wall where the fluprescent prolesns were situated
was thicker than that part of the wall where no deposition of fluorescent
protuns was observed In some plices i the constrictions the endo

thehum sas permeable for a gramn of fluorescent protein Correspond

ing to a brinching of a constricted arteriole 1t was found i one
;}cclmn that the endothelium was permeable for fluorescent prolemns

Bv{u:dn\\se 1t has heen possible to observe fluorescent protems 1n the walls
nm"\‘(ad\ahons only 1n nbout 20 per cent of the areas which were ex

- agd“:n“\l:o(mlcroscopc we conclude that besides dilatation itself
o “.msc fa” actor 18 required before plasma protems will penelrate
of the u:‘ A he dilated arterioles It was obsersed that the endothehum
ettt ‘;‘:Sl:la(sl|pcrmcnblc for fluorescent proteins s spate of the

d not react with dilatalions dur,
Wjceion of angistensin né the tirenous
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ARTEFACTITIOUS EXTRAVASATION OF
TLUORESCENT INDICATORS IN
THAE INVESTIGATION OU VASCULAR PCRMEABILITY
IN BRAIN AND SPINAL CORD
By
LENVART RINDER
Recewved 23 1y 68

Au of it
5B a

permeability with exudation of plasma prolemns

t of many d and wm)uries of the
cuntral nersous system Owing lo the role played by such changes in
the development of cerebril oedema a wider knowledge of cerchro
spnal vaseular permeabilty 1n vamnous conditions 1s of considerable
importance (¢ { Balay & Lee 196> Alat.o 1967)

In recent imvestignbions vascular permealslity has often been studied
for changes by e tion of the distribution of fluoro
chrome or radioachive Inbelied serum protems wn thin sechons (¢ f
Alal.o ef al 1962 Bakay & Lee 196y hlatzo 1967) These indicators
are consdered normally not 1o penetrate the cerebral blood sessels ex
cept 1 some specialized areas such as the choreid plexus tuber cine
renm the hypophyscal stalk and area postrema (¢ f hlat.o et al 1962
Rlal.o & Steinwall 1965) —\While studving sascular permeabilily
changes following experimental brain concussion (Rinder & Olsson
1968) extrvasation of fluorochrome labelled albumin was sometimes
obsenied 1 the bram stem and spinal cord also m control anumals
Most previous mvestigations with sumilar permeabihity mdicators have
been confined Yo the cerebral hemispheres It 18 possible that un
predictable microscopic artefactitions extravasation may be hard ta
avord i certain parts of the bramn and spinal cord Clanfication of this
powit)s urgent for future mmicroscopic studies of vascular permeabihty

chonges and the formation and mi ration of oedema in the bramn and
spipal cord

1L w93 with this 1n mund that the present mvestigation was started
m which the distributjon of crculating fluorescent vascular perme
sistits mdieators m the bram and spmal cord was charted with various
methods of removal fixation and preparation of the tissues

The favestigation hi
frvee ’u'”la’g};;:d’:lz:(;en supported by grauts from St ftelsen US fonden and
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MATERIALS AND METHODS

2> rabbils {?0 32 hg) aad 8 Spraguc Dawles rats (250-350 were d. D
b

the injection of the indicator and at sacrifice the animals ‘\i’cr;tl‘;n(;l:rc llgh:"l‘:z‘
n!"s(h(;:h; sn;l.;m‘mcblxlrnarll injected slowly 1% in the rabbits and cther m the
rats Delfore infection of the indicator a polyethyiene eat
the abdominal aorta In the rabbits Ve atheter mas Insected tato

Lermeabulity indicators The following indicalors were used

1 Ivans Dluc thoroughly mived with a 5 per cent Runger solution of bovine
or rabbit serum albumin? to make a 1 per cent dve solution (EBY)

7 Bosvine albumin? lakelled with fluorescein isothiocy anages according to Klat o
et al 1962 {(F1 1)

Before being Injected LB was filtered and FLA passed through a Sephadex
€ Y»4 laburatory column

A volutne of 1 ml per 100 g bodyweight was injected fv or through the eatheter
in the femaral artery

TABLE 1
Surrey of Number of Animal Experiments Meihods of Firation of Brain and Spinal

Cord and I repuralion of Microscopic Sections of Normal tnimals that Had
Recewed Intrayascalar Injection of FB4 or FLA

Lixatlon Sectioning Rabbits Rats
Immersion fivation {:ﬁiii.?iﬁ;?:ﬂrng g :
lnls‘;l:l:g:‘mcrslon Freeze microtome 2 4
Ierfusion fixation ;:L‘rcaztcrlr;‘:!:‘l::zming : .
Perlfusion (saline) + Freeze microtome 2 2

immersion fixation

Swrift ¢ removal and frxation of tissues The ammals were sacrificed at varung
intersals (1--4 hours) after the njection of the indicator by blecding through the
catheter o apening of the right part of the heart The specimens to be studied
were remosved and lixed in the followmg wavs (Table 1)

1 after the the dorsal part of the shall bones and
the spinal column were carefully remosed The spinal cord was divided at €7
vemosed together with the bratn and placel m 10 per cent formaln for & few
tminutes With a razor blade 3-4 mm thicl coranal shices were cut from the cerebral
hemispheres and at seseral levels of the pons meduila oblongata and spinal cord
and placed 1n formalin for at least *3 hours (Immersion fixation)

9 The dorsal part of the shull bones and spinal column were remosed i the
way described The necl was cut at the ievel of € 7 and the whole head and nech
placed in 10 per cent formalin with the brain and cervical cord in situ for abont
%8 hours The hrain and cord were afternards removed and cut coronallv (fn ity

tio
'"hmel;:lpo;;-:{su:;s"x;;ccled iv and smmediately afterwards the heart was uptn;d
and 250 ml salime perfused via the catheter 1 the abdommnal aorta rono“eg Yy
1600 mi of 16 per cent lormalmr The perfusion pressure used was about 1 0 cm
11 O and the perfusion time abaut 30 minutes The animals were left at room i:mﬂ
fure oy sbout 23 hours aftes which the bran and spinal cord were remore
D e the nay deseribed sbore —In the rats the catheter Was msested 1alo

1 \febumal® ACO Sweden

2 [luka AG Switzesland

3 hutrstional Birochemicats Corp L S
1 Pharmacta Fige Chemrcals Su eden



Fig 1

Sectian of ymmersion fixed specimen from cerebral hemisphere (rabbit)
FLA confined to the lumen ol the vessel

Frg ®
Section of immersion fived specimen from the brain stem (rabbit)
Extravasation of FLA Note uptahe of FLA in cells

the 20ma immcdiately after they had been sacrificed apd the perfusion was per
formed with corresponding volurues of fluid per unit of bodyweight (Perfusion
fization)

4 Tu some rabbits 50 m of saline was perfused and the bramn and spmal cord
removed immediately afterwards cut i1n the wa deseribed sbose and fixed by
immersion i formaiwn

Microscopic sections Sections 8-10; thick were cut on a freezing microtome
and mounted 10 50 per cent aqueous glycerine Scctions were also cut from paraffin
bl cks and mounted in Latellan 1

¥ croscopre exammation The mounted sectians were examined in a Zeiss fluor
escence microscope equipped with dark field condenscr and UV source of hight
Osram J1BO 00 The light was (iltercd thraugh a Scott BG 12/3 exenter filter and

the emutted light passel through a falter combination of Scott OG 4 and 00 4
Microphotographs were taken on Ehtachrome Agfa IT
EBA was tn the

and hodah Tr1 X films
1% its intense yed fluorestence
(Stetnwall & Rlat o 1965 Hamberger ¢ Homberger 1966) and FLA by its intense
reen fluorescence

Merch AG Cermany




Fig 3 Fig 4

Fig 3 Section of immersion fixed specimen from the ical s| 1
MHarked extrasasation of FB A i cervical spunal eord (rat)
g 4 Section of perfusion fixed specimen from the brain stem (rabbit) .
of the indicator (LBS) (rabbit) Mo teace

RESULTS

The distribution of the fluorescent permeability ndicators m the
scctions vaned eonsulerably with the was mn aluch the seclons had
been obtamed and frxed

In tissues removed mmmediatels after sienifice and fixed by tmmer
ston m formahn the mdicalors were confined fo the lumina of the
biood vessels in sections of the cerebral hermspheres (L1g 1) Penicyles
contatnung vellow autofluorescent malernal facilitated recognihon of
the spread of the mdicaters (¢ [ hlat.o et al 1962) In some parts of
the seclions of the brun stem and spmnal cord the mdicators were 1
most of the experiments obscried both withm and outside the walls
of blood vessels (Figs 2 and 3) Indicalor fluoriscense was often ob
served within nerve and ghal cells m these arees (Figs 2 and 3) This
fluorescense was always diffuse in the cyloplasm but often confined
only to parts of the nucleus In amimals 1:lled more than 1 hour after
the injection of EBA some cells of the ependymal himing of the ven
tricdes and cenlral canal were fawntly red fluorescent

In the grey matter of the cervical cord extravasation wis somefimes
fairly extensnve Lxudation was never so extensive m the bram slem
where 11 was mostly confined to the vicimfy of the exit of the erwnial
nerves

Sections of specimens fixed by tmmersion i situ showed changes
suntinr fo those scen in sectrons of specamens Fixed by mmmersion m
formalin after remosal of the bram

In the sechions obtamned {ram specuncens rinsed with saline and fixed
by perfuston with formalin and then left intact for wbout 24 honrs {:\c
indictors were seldom obsersed the lumma of the blood tesse sl
which mostly appeared emply (Fig 4) Sometimes a thin fluerescen
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zone outlined the mner surface of the endothelium but the dicator
neser extended sigmficantly 1nto or oulside the vessel wall except n
he area postrema where such an mlramural and extramural ocurrcnce
of the mdicator was the rule In anumals atlowed fo survive more than
1 hour a fant red fluorescense was sometimes observed 1 cpendsimal
hmings espeaially 1 the floor of the fourth ventricle —The walls of
the blood vessels displayed a preemsh autofluorcscense and cont uned
yellow fluorescent punicytes (Fig 4) A[zulinated areas were blush
autofluorescent and the celtular elements wese mostly greemsh with
granular cytoplasm and darh nuelet

When removed 2n bloc and cut 1n a fresh state after perfusion with
saline (but not formilin) there was no exiravasation of the mndicator
1nto the brain and spmal cord

Mo diffurenecs were found between the resulls of experiments per
formed with bovine and rabbit serim albumin

The red fluorescense of EBA 1 frozen sections was miitally intense
but dimunished consider 1blv 1n the course of a few davs and the see
tions became mlensely greemsh fluorescent In the paraffin sections
the mtensily of the red fluorescense secmed to be comparable to that
of the frozen sections and did not fade much n the course of 1 month

DISCUSSION

The present study revealed that extravasation of circulating fluoro
chrome labelled serum albumm may oceur in ithe bramn stem and spinal
cord 1n normal ammals after fixation of the bram w sifu or after
fivalion of the carefnlly remoted and cut tissues by immersion
formalin No extravasation of the indicators was observed in spect
mens when the cerebrosmnal vessels had heen rinsed with saline and
Dixed by 1ntravascular perfusion with formalin 1e the same result
as that obtained within the cerebral hemispheres whether fixed by
mmersion or perfusion It therefore seems reasonable to assume that
the brain does not differ fundamentally from the spinal cord regarding
he permeability of the blood vessels to the mndrcators used N
However an unpredictable microscopie extravasation can evidently
o;mr n the brain stem and spinal cord n association wath the remoyal
of unfixed tissues Ut 15 difficult lo determme the factars contribuling
\(o this extravasation with certamly because 1n experiments using per
t:xs:on \hxa\lon the mdicator 1s rmsed from the cireulation before
ulh‘c‘;\; vifb\h’c \)(;'am Rlat o ef al (1964) suggest that hypovia and
— ;a 0! \rc[ isturbances 1 connechion with the sacnifice of the
P (194:;)) : ect the normal vascular pesmeabisty However Bro
bl attes ) a.'ln shown that the bram may be perfused with Trypan
e an mlerval of up to 1 hour from the fime of the sacrifice of
ammal without any macroseapte ¢xtravasation of the mndicator —

22 scrvirarn 743
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Trwmahziion of the hissues i association with the removal and
sectioning of the specimens may be of mmporiance Broman (19.0)
found that mechaneal traumatization during removal of the bran may
fend to ruptures of smul superfiertl scasels During, such remosal 1f 15
teny hard to nvoid contact wath the bram stem nd spinal cord and
traction of nerve connections The importance of mechanical traumatic
elfeets i praducing extrivasaion of the permeabihs sndicators m
thes are s 1s strongly suggpested by the fact that no extrn salion was
ohscrved when the ccrebrospinal vessels were rinsed by perfusion with
sahine hefore he bram wos remoscd and Dxed by 1mmersion i for
malin It woutd thus appetr tht iatravascular mdieators escape mnto
extrivasculer compartments in issocizbion wath the handhng of the
unfixcd Gssues

An uptahe of the fluorsscent indicators was often observed 1n cedls in
areas of extravasalion W hen studving, the distribulion of intracistern
allv anjeeted Iabelled serum protons Rlatzo et al (1963) obserscd an
upithe of indherfor by indinidunf axons and submal astroevfes 1a (he
spund cord 1hough rarely in animals perfused with formalin As such
changes have been regarded as reflecting 1njurs of the cells (Alat.o et
al 1962) the uplrhe of the mdicator was behieved to he an artefact
produced uither by termintd moxi or traumn due to sectiomn,, of the
trssues 1n a fresh state Gray (1961) attributed the occurrence of  dark
cells in the corebellum to pressure effects during the handhing of the
{sssues

1t w s thought that effcets of mechanical trauma my, it be consider
hiv fess severe if the bramn and spinal cord were lefl in situ after
opemin,, of the shull 1nd spinal cofumn and fixed bs rmmersion of the
whole head and nech 1n formahin But 1t ¢id not prove to be so m the
prescnt expeniments Howcover Welirein & Hollunder (1966) found that
taticlled alhuaun was extravasaled when the bissue blochs from ihe
brun fixed by immersion m formalin were loo Jarge to aliow rapid
fixalion also of the interior of the specimens

SLUMARY

The cerchrospinal vascular pormeabihity n normal rabbils and rais
was studied by observin,, the mcroscopic distmibotion of fluorochrome
labetled serum albumin mjected wtravenoushs or mira arterially The
f1ssues were removed fixed and prepared In tanous methods ‘The
following observations and conclustons were made

1 In tissuc speeimens freshlv remosed cut and immersion fixed
the sndicalors were somethimes ohsermed within the walls ofl;:e,rc
hrospinat blood sessels and extravascularly and 1 \‘;maus ce l(l‘::
elemenis These changes were most prommen;’ ml 1! eng:le:mma
of the spupal cord but were also ohservedd 1n the brax
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2 o extrasasition of the mndicalors was scen mn tissues rinsed and
fixed by perfusion with saline and formahn respectinels The
blood vessels of the spinal card are thus probably not permeable
to serum protemns wd m this tespect they do not differ from the
blood vessels i the main part of the bran

3 Runsing and Dixation of the bramn and spimal cord before xc maosal

with saline and formalin respectnels appears to prevent arte

factitioys extr wvasation of the permeabiiity mdieators

“echanieal traumatization of the tissue specimens s probably

onie of the mam causes of arlefrctiious exiravasation of the

wmdictors

-
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CANCER METASTASIS TO THE CIRRHOTIC LIVIR

A Stwdy of ¥ xperimental and A wopsy Vaterial

By

Tuorntoiy Brrer and Fow SaLpres
Recerved 201y 68

I xperimental investigations hne shown that tumour cells injeeted mlo
the portal vein or the hepatie arters produce tumonrs more often m the
crecholic thar m the non aircholie hiver ¢/ tsher & Fisher 1960 Saldeen
196%) It wppears from some statistieal analyses of human wlopss
maternl thiat tumours metastisize more often to 1 non cirrhotic tner
(l1sa et al 1992 lieber 1807 Gall 1960) This disngreemenl may he
duc to the differences between Iiner eurrhosis mduced in animais and
human [ier cirrhosis to the choiee of Iess switable methods m compa
rative analyses or to both

In the expermmental 1avesti, tions on record jiver cirrhosts was n
duced m rafs by admimstration of carbon tetrachlorde In such eir
rhosis the conneelive Wissue 1s situated particularts around the ccntral
veins te centrolobular cirrhosis But the commonest type of human
liver errrhosis m man s the portsl form Therefore 1woe groups of rats
were studied on with central arrbosis (carbon {ctrachionde mduced)
and one with portal errrhosis (foreign protein crrthosis § p cirrhoss)

The frequency of hepatie metastasis in man with and without ar
rhoests was studied i 20 avfopsy malenial In the statistical anafyses
primary fumours i the same sites and mn the same stage of metastasts

were comp red
MATFRIAL AND MFTHODS

Bxpertmental Investigation

Rous rat sarcoma cells ({histrom & Jonzson 1962) were injected into the portal
vein or under the liver capsule (Safdeen 1963) of female rats of the Sprague Dawley
strain werghing ahout 175-200 grams Tumour cell uspensions were prepared by a
mothfication of the trypsin DNV ase method described by Vadden & Burk (196%)
Viable tumour cclls were counted n Bucrker s hacmocy tometer according {o Schreh

1936}
¢ Liver cirrhosis was produced esther by Intramuscular injection 3f 0 mi of ™
per cent carbon tetrachioride 1n mneral ol 3 times a weeh for 3 months or by

intravenons injection of 2 ml of skim milk 3 times a wech for one month (fp

carrhosis)

" smpected about 14 days after the last anjection of carbon
!el";:g(;:;dccﬂ;: s‘!-{Lr:mnjv At autopsy the liver was cut into I mm chk":h‘ce}: n}r:i
the tumours were counted The velume of the tumours l;as c?cglakcd ;,v,l‘- 3 ,;r;’,m
formuta (1835) § = 05236 X d, < & X d, whered, oy and d are P
dicular dumensions of the tumour
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Autopsy Mateeral

The matenial consisted of 10 160 autopsies (meluding 865 stillborns or newborns)
performed 1n the years 1958-1965 In Malmo (about 230000 1nhabitants in 1963)
there 1s only ane wstitution of patheloty and dumng these years 582 per cent of
a1l persons wha died in the town wese autopsied (shout 93 per cent of all who had
died 2t Malrao Ceneral Hospital)

Throughout the period all autopsies Sere perfyrmed in a standardized way The
Iungs myocardium hidneys Iner and spleen were altavs examined tustalogically
The procedure was tirwise medabed serording ta the nature of the case and the
microscopie esamination was often extensne Only remote growths were accepted
25 metastases care beeing tahen not to include continyous growth from the primary
tumour or from metastases As a rule lvmph vodes from the suy raclavicular axillary
and Ingumal fcssae dast % space were as well
as the regional I mph nodes tlsse to the primary tumour Secondaries found in any
of the atore Iymph node stations were counted as a single meta tasis wether the
cancer had heen demonstrated 1n one or in more lymph nodes in the same station

In all cases with Iner eirthesis several sechions of the liver were examined Only
cases of so called portal cirrbosis were Included in the materisl Liver arrhosis was
rrgarde as present onl when all parts of the Jner were damaged with regeneration
and formation of pseudolobules surrounded by comnmective tissue Since stalishical
analvsis of m1Md and severe tirrhoms Tevealed no duffesences wn respect of metastases
the twa groups were ponled

In the statistical analysis of the findiags smpartance Was atiached to the sile of
the primary tumour and jts stage of metastasis (oumber of organs and Jymph node
stations with secondary growih) Brimary bner cancer was excluded

e cal ulations were performed with an electronic computert

RESULTS
Expenymental Investigation

Frperiment 1 Tharly six rats were ginen 10f lining tumour cells
inlraportatly Twelse were controls 12 had €(1, mmduced errthosis and
{2 had f p arrhosis The rats were hlled 11 days after the myection

of the tumour cells and the tumounr metastases 1n the huer were
counted

TABLE 1
Hetartass 1 Expenimental Cuthons

\umber of  \umber of

Bodyweight  Adrenals  Hspophiss
ammals  metastases [$3] (mg) (mg>
Cotr s 12 11 ¢
ES 4o £ 10 X =0
t‘y‘ cirthosss 1 102 ~ 1t 240 £ 10 619 ‘?, £ 0‘4
currhsis 12 Te =16 250 % 16 56 + 6 Wx03

M::;c r;lnn;lher of metastases in the rats with iver airshoss was sigmib
o yJ i1 cr](h.m w the controls (Table 1) The tumour metnstases
o ”s";] rule somewhat smaller 1n the animals with p arrhosis
o 1 U an n the ammals with CCl, induced cyrrhosss {F1, 2} bat
o Lrous in the former (01 > p > 001) Ag reqwds hadynewht
weihy of the adrenals or anterior lobe of the hypophyvsis no
e t
DA AL e e o e



Fig 1

Fig 2
CCl, airrhosis with metastases
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differences between the different groups were formd 1e 1y fnding
Arpmng, 54a1Rst 2 stress effect of the substances wnjected

Histala ety the ammals {hat had recensed carbon tetrachlonide
showed central crrrhosis of moderale sesurty

The ammals that were guen shim mitk {cow) had monelobuiar
currhosis of Lacnnee type The portal zones contamed single eosing
phabe loucoes tes and plasma eelts Heart Jungs ladnevs adrenals and
spleen wese mucroscoprcally normal

Frpertment 2 Frve control rats 6 wath CCly mduced cicrhosis ind 6
with f p arrhosis were used Alt 17 ammals were snen 005 mt of a
tumour suspension under the lner capsule The suspension contamed
2 X 10 liung tumour cells The ammals were halled 14 days after the
mjechion

Autopsy smvanably revealed small roundcd tumors at the site of the
injection The size of the tnmonrs was 70 = 16 mm® i the untreated
rats 87 = 17 mw® i the rats with CCl, ndnced airthoss and 67 = 27
mm?* in rats with f p ererhosis The differences briwcen the varnous
groups were not sy mhcant
Human Seyies

A Materal The sttes of {he pnmary tumeurts and the total number
of metastasising tumours gre guven 1y Table 2

Out of 18 160 <ubjecis antopsted 3481 (34 3 per cent) had altogether
3801 carcinomas 2 590 (88 3 per eent) of which had metastasized 385
{38 per cent) of the subjects had eirthosis Out of the 8 77s subjects
wathont hver ewerhosis 3312 (339 per cent} had extrahepatic carct
noma {If the fi,ure be corrected for the 865 stiliborns and newbarns
the frequency will be 372 per cent ) Out of the subjects with Iner
crrhosis 93 (63 males and 30 females) or 232 per cent had extrs
hepatic earcmoma This sex distribubion was the same as that of all
subjects with cirrhasts

The average age of the subjects wilh etrrhosis was 68 2 years among
those with carcmoma 701 sears and among thosc with both eirrhosis
wnd extratiepatic earemoma 71 6 vears
mThe finres guen below refer to the number of tunours and not to

e number of subjects with tumeur There were 3642 extrahepahic
caranomas 2 491 168 4 per eent) of which had metastasized 108 of the
tumours 57 (52 8 per cent) with metastases were seen m subjects with
;:r:mscs There were thus 3 o34 catemomas without eosishing, ciry
“:1 : Among these 2434 {859 per cent) had metastasized Twonty

Tee cascs (21 § per eent) mn the cisthoss graup had iner metastases

?;‘;‘SX::Y?;\])\;I:’\\"} 258 {355 p r cent) m the group withont Iner crr
13 ditference us measurcd with the g2 L
001 5 1 0 ons red wath the x? test was sigmficant

\“2 c\‘nalyns of results The frequencies of Iner tctasiass found n
ects with and without hiver cirrhosis are nof sinetly comparable
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TABIF 2

Sttes and Numbers of Primary Tumours

Number of tumours

Number of tumours that

Site had set up serondarees
female  male  Total  female  male  Tatal
Irostate - 36 687 - 180 180
Luag 99 31> 411 7% 281 327
Stomach m 24 39 148 181 339
Colon 188 167 354 14 100 78
Breast 330 2 a3z 310 2 3
hfdney 82 17 204 ar 5% 94
Lancreas e 100 180 2 9 158
Iiver 49 110 159 30 o 101
Bile ducts 9% 51 149 87 43 130
Heetum 3 89 143 47 59 102
Ovary 151 - 131 119 - 119
Urtnars bladder 34 81 115 22 33 k)
Small intestine 28 56 94 )1 15 26
1terine cemvix 92 - 8> 70 - 70
Oesop hagus 20 47 €3 7 3 0
Thyrod 33 15 43 20 13 33
Skan 21 2 41 7 19 36
Corpus uterr 40 10 ] - et
Renal pelvis + ureter 10 9 19 9 s 17
Yulva 12 - 12 1 - 10
arynx 0 1 11 7 1
Appendix 5 6 11 1 3 4
e 4 5 ] 4 » 9
atillary sinus 3 r 9 1 4 5
Oral cavity 3 3 3 3 5 7
("terus (unspeerfied) 8 8 1 - ki
1lypopharynx 1 6 / 1 3 4
faus 5 2 7 4 3 S
Tongue 3 3 ¢ 2 t 3
Epipharynx 1 3 4 1 3 1
Salrary gland ’ 2 4 ? i 3
Adrenal ” 2 4 2 2 4
Ulerine tube 3 - 3 3 - 3
Lip 0 2 2 9 a
Tonsil o 2 2 - 2 ks
Vagina ’ - 2 1 -~ H
Trachea t a 1 1 0 i
Penis - 1 ! = 0 ¢
Cardia 1 0 1 ! !
Sweat gland ¢ L : - ¢ :
Testis - 13 13 1. 2
> 1 39
Unknown a4 " 39
Total 1633 2163 3sol B3 192 %9

In such a1 companson the followiny three factors must be talen into

account

1 Treguency of metistisizing tumours
2 Stige of metastasis of the tumours
3 Sites of the prumary tumotirs
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Ad 1 Among the cnses with and withont lnner cirthosis 52 8 per
cent resp 689 per cenf of he car had metasta; 1 Ths
presumably 1mplies that also Iner metastases are tess linble to oceur
n patients with lner errrhosis 1f onlv melastasizing tumours be n
cluded 1n the companson pon cirtholie bivers show melistases 516
per cent (12,6 out of 2 434) and cirrhotic 1n 40 1 per cent (23 out of
oT) The difference wall then no longer be sigmificnt @1>p>005)

Ad 2 Among cases with metistases to severnl organs (adyvanced
stage of metastasis) the expected frequency of melastises to a guen
orcan should he Iugher than that among cases vath few metasinses
(carly slage of metastasis) This 1s clear from Table 3 which shows
that the frequency of secondaries increases wilh the stage of meta
stasis 1o cirrhotic as well as 1o noncirrhotie hvers

TABLF 3
Incotvement of Liver tn Subjects wnih Secondaries in 1 ® 3 § 5 z 6 Organs

Number of sites

of metastasis CGrrrhosis Not cirrhsis
i 115 gy
333 36
3 ey ) B3I Sese 33386
4 57116y, 586 €
5 100 o 93¢ e
z8 w00 7 835>
s 516¢%

Table 3 shows that tumours with secondaries at 1 4 sies set up
melastases to the Iner equally often m the presence as mn the absence
of errrhosis Totally however the frequency 1s 10 2 per cent higher
the group wathout cirrhosts because of the greater number of tumours
10 an ady anced stage of metastasis n this group

n an attempt further to elumdate the 1mportance of the stage of
mnrlastasis metrstasizing tumours wete diided mi{o (wo groups onc
with and one without secondarics m the hver {Figs 3 and 4)

Fi, 3 shows that the frequencies of tumours m an carly stage of
lml'n,l 118 (1-4 sites) 1s higher 1in the arshosis sronp In this group
ondy 2o per cont were in an adsanced sta e of metastasis (> 1 sites)

l!;‘:‘lll::!)sl‘! per cent 1 the group without eirrhosis Among these tu
o ):):cn‘ xtl\anccd stage of mctastasis all those with airrhosis had
iy @ 1o the lner but anly B8 per cent of those without

In Fig 4 the tumours that had set up only exirohepatic secondanes
e grouped in the syme was  The airrhosis group included 6o tumours
noan advanced sti.e of metastasis (more than 4 sites) Of the group
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Fig 3
I'requency of different stancs of metastasis 1n cases without liver metastases

® titrhasis

© 1o tirrtnls

-

[
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with metastases
Fig 4
Frequeney of different stages of metastasts fn cases without liver metastases
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without aerhosts however about 12 per cent had metastasized to more
than 4 sites hut not ta the lner

Ad 3 As regards the {umours drmmed by tena porlwe the first
capifiary net s m the her These tumours have therefore a greater
posstbilty of scihing up stcondaries mn the lner than those dramned by
the vom1 cava € ells from ofher tumouss «<xeept (rom prumary pulto
nary caremoma must pass the lungs before they reach the hyer The

matenal was therefore dwaded inte 3 groups according fo Vi alther
(1048}

1 Ylumours dramed by the vena portae
2 Tulmonary tumours
3 Tumours drawned by lhe vena cava

The distiibution "mong these 3 groups 1s given m Table 4 from which
1t 15 clear that the subjects wath ewthosis did not dufer sigruficantlv
from the entire material regarding the siles of the tumours

TARLE 4
Stles of Fxira Hepalic Carcrnomas
Dramed hv Tulmonary Drained by
\ena partae catanema sena cave
An 400 113y 457¢
Vath enrhosy 139 140 421 e
TABLE 5

Wetastases frome Dafferent Primary Tumonrs

Cirrhosis No! airrhosts Crrrhosis Vot crrhosis

Dramed by vema portas 56000 W . angrenny metats %
3 300%

Pulmonary carcnoma %00 93, P s

1o :

Orained 3 ven cana 299¢ 13, ’;;“5":,0"”" m""s‘a,::
40 576%

Mean Number of Sttes of Metastases

Draiged b Pulmonary Drained by
\ena portas tattinoma vena cava
Cirrhosiy
Not cirthos, 3% 8 3
Tetsd (sterhosts & not cirrhosis)
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Thts means that there was no evidence of lover cirrhosts favouring
development of evreinomas i such organs as were draincd by the sepa
portw

‘T ble & shows that pulmonan carcinomn as well 1s tumours daruned
by the sena enva sct up secondarics less often in the eirrholie Dhan m
the non-crrrhotic Iner A corresponding difference was howeser o0
found m the Irequencs of extralk patic melastases Tlus difference 1s
iso sten m the frequencs of melastasis in arbitranh scdecled organs
such 1s the idrenals 1in pulmonary cancer and the lungs in tumours
druned s the vena eva These differences c1n be cxpluncd enlirely
by the et that the noncirtholic cases represented 2 more adhanced
stage of metstrsis than the group with eirrhosts However stbjects
whose tumours were druned by the vena portae pulmonir mela
slises were more common i the presence of circhosis This difference
(000 > p > 002) 15 remarkable It s the opposite of what should have
been expeetid swee the tumours 1n the errrbosis group were m an
cacleet stae of metastasts

1f the cirrholic Iner allows the passage of tumonr eclls more readiiv
than the normal hwer the cirrholic Iiver parenchima may not be
reachied In so many cells from tumours dramned v the vena portae
Despite tus and despute the fact that the fumours 1n the crrrhosis group
were tn an earlier stage of melastasts 1he frequencs of ner metastases
was the same in both groups

DISCL SSION

The sesulls of the expcrimental investigalion suggest that tumour cells
injected 1nto the vena portae produce tumours equally often in portal
as 1n central lner etrrhosis The fact that human Iner cirrbosis 1s as a
rule portal while lner arrhosis i experimental amumals hitherto
exunimed was of central tvpe can thus hardlv cxplan the described
difference between the wedence of melastasis 1 expersmental and
human hver cirrhosis When the tumour cells were mjected dirceth
mio e hver no differcnce between ammals with «nd wathout eir
rhosis was found Tlus suggests that the higher frequency of metastisis
0 the Iner with csrthosis when tumour cells are mjected mtraportally
might be due to 2 vascuiar factor

Farlier iy estig ttons su-gest that 1t 1s not 1 question of 2 decreased
passase of tumour eells into the curhotic Iner but mnstead 2 change
in the distribntion of the tumour celis m the Iner (Saldeen 1963) In
unpublished expenments the number of intraportally injected tumour
caells (Itang or frxed nd Slal‘:led) ﬁ::nd!::r:ggsfls\or smusoids WIS

r 1 rals with than n thosy wthou

sm:igrdm“ to some earher aufopsy seris (Table 6} sm;;n;f(;‘;récst;rfl
carely seen m arrhotie Iners (I1cber 1907 Chm;l:ltce;(;:m 5‘;0“ ot
1960 Fisher et al 1968 Rucbner et al 1961} wh
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difference 1 tlus respect between the normal and the cirrholic Wnver
(Norfwn et al 1962 Goldstein et al 1966) Fusher et al (1960) and
Ruebner ¢f al (1961) howerer pointed out {hat tumottr cases With
cirrhasts more often have no metastases and tns mht explam the
dufference found
TABIE 6
Frequerey of Itwer Meltaslases in Subjyects with and without Cirrhosis

Cirrhosis Not airrhosis
Tisa et of 1347 22y 330¢

he’l’nr {1;57‘) 67 2B ger (total)
Calt (1360) 15 $83

Rucbaer etal  (1961) 204 ¢, 361 ¢

Sorkin etal  (1967) B 3%

Fisher ef of (1969} 6T 168 ¢%

Preseat series N3G (40463 155 (516%)

Frequency among fetastasising tumours

The tesults presented 10 previous mvestiyabions ire flowever often
difficnlt to evaluate hecause wnler alra of the smallness of the nroups
and the heterogeneity of the matenal (different hospitals with dafferent
frequencies of cirrhosis and cancer) Moreoter m Such comparisons
the anthors have often faled to {ake into account differencs as regards
the siles of the mdividual tumours the number of metastasizing 1n
mours and their stage of metastasis

Ruebner et al (1961) pointed ont that the frequency of metastasts
of extrahcpatic cancer 18 jow 1 patients with Iner crrhosis bul when
tumour has onee melastasized the chinces of an estabhishment of
secondarnies i the Liver were found to be equal in patients wilth and
withont eirrhesis Their control sevies consisied of sex and age mafched
subjects without liver cirrhosis The frequency of hiver metastasis in
the contral series howerer duffered from that in the entire matenal
In aur opinion 1t 1s better to use a large control series which provides
the possihility of comparing tumours in the same sites and m the same
stake of melastasts Our results reveal that the previously reported
tendencs of metastasis to be less common 1o eirrhotic Iivers s due to
the yse of unsuiiabie methods 1n the statistical analysis of the data The
dference found can vers well be explamed by the fact that many
tumours m patients with hiver airrhosis have not melastasired and
seserad are i an carher slage of metastasis At desth and thus that the

cuthalie liver 15 not reached by eircwlating tumour cells to the same
exlent As 1o tumours dramed by the vena portae local airculatory
tondihions (mirshepatic Tel, fistulae) mas also explan why the hier
parenchyma is not reached by these tumour cells This may also be the
reason why tamours dramed Iy the vena porlae more aften metasta
‘;z‘r 10 the lings 1n the presence of eirrhasis The obseryed significant
Mifference in the frequency of hepatic metastasis i subjeets with and
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wilhout csrrhosis was no longer demonstrible when the differences in
the folal frequencs of mctastasts mn the two groups were taken into
tecountin the stabislical analvsis Thus by comparison of tumours wilh
hepahic respeebively exirahepatic metnstases only carenomas in earls
stage of metastasis were more often found n subjects wilh eirrhosis
than in those without In subjects without errrhosis 12 per cent of the
carcinomas in adsvanced stage of metastasis had not spread to the Iiver
wlile 1n the cirrhosis group all tumours tn advanced styge of mels
stasis hd piven hepatic metastases The investizations suogest that of
twmour cells once reach the Iner parenchvma they set up secondarses
more often yn the cirrholic than in the non-oirrholic Iner

TABLEF 7
Frequency of {iwer Cirrhosts and Fxtra Hepalic Cancer
EE $xtra hepat
EE 3 rain
=83, - Stra hepalic carcinoma
I2EE % E 2 «
FetE 2 £ o -
PEET £3 £ "
sre O J3E - /=
Lieber (1957) 89 icy 1718 86¢, 171,
Catl (19603 109 - - 158 A
Fusher et al (1960) 28 T4 300¢, 131 % 335
Ruebner et al (1961} 5¢ 176, - 1357 270 ¢
Norktn ef al  (1907) 121 67 181c 954 185
Present stric 03 I8¢ 342 7 242¢ 339
372 per cent when tiithorns and newborns were not included
TABLL B
Mean Age of Subjects with Cirrhosts and/or Carctnoma
tech
Cirrhosis Clerhosts + Caranoma
57 73cars
tal  (1960) 526 ears 61 7vear 3
;l;:,rfrrze:- ot al (1361} 573 years £19vears 53 74cars
\orfin et al  (1967) app o7 ‘ears 65 ? years app G years
e 64 vears 716 vears 76 1 years

Present series
T'xtra hepatic carcind ma

rvation 1n the present materiat was the lower fro
qlx;\n‘::‘\z}\::tt::hl::;ch: ac:mccr in patients w lih hiser cirrhosis {24 2 per
cent) than m patients with a normal Iner (37 2 per cent when ?hllll))or:
and newhorn were not ctuded) :m; llﬂ(;‘f;:l‘;fgl;t;ncy has also beel

this fie

nh;'ch“ (2,3“,,-];;2.(,)_»l':;,:‘(,‘:r]‘;:r:s:-‘;\bL(] to differences 1n age Both mn our
nqlcx’-:ql and i previous series (Table 8) subjects with combmcd‘ hu(‘:
’cxrrhtms and cancer appeared 1 wmithing to he older than patien

with eancer onh
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mong subjeets at least 40 vears of age and Without cirthosis extrahepatic car
cimoma was found m 3196 (No subject below 40 vears had lner cirrhosis ) During
the 8 years (1958~1965) altogether 15220 subjects m this age grour died in Malmo
AL Teast 38a of these had circhosis but even 1f 1t be assume{ that all the subjects
‘With extrahepate cancer as well as all subjects with cirrhosis had been included m
the autopsied group the total frequency of extrahepatic cancer 1n subjects without
arrhons would have been 213 per cent (3196 out of 14865)

The true frequency Taust of course have been higher There 13 no reason for
instance why microscopic cancer of the prostate should be less common amang the
3446 males m this age group not autopsied (1f anything it was probably more
common since most of the men not autopsied helonged in the highest age group
(>80 vears)) On this the f of hepati would
nse from 13 per cent to 247 per cent Further carcinomas would have been
revealed 1f 2 systematic autopsy had been performed and we therefore think that
the } in subjects with respectivelv

in of
without myrhosis 1s a true one It 15 howeser impossible exactls to assess the
difference

It thus appears as if extrahepatic cancer develops less oflen n
patients with eirrhosis It 1s for example hnown that patienls with
arrhosis have a ligh serum oestrogen concentration The decreased
frequency of exirahepatic cincer however appenrs to apply to all
carcinomas W e have not been able to demonstrate any difference he
tween hormone dependent circinoma such as prosiatic cancer and
mammary cancer and other types of carainomn

It1s also known that the fibiminolviic actinaty in the blood 1s 1ncre ssed
m huer exrrhosis (e g Rwaan et al 1926) and 1t has been shown expent
mentally that tumour cells take less often n amimals treated sath
?é»é‘;)whsm than 1n untrealed ones (e g Clhfffon & Agostino 1962

‘The lower frequency of earanomas found 1 pahients with eirrhosis
15 also of antcrest in the discusston of metastasis It cannot be excluded
that the same mechanism 15 responsible for the suppression of the fre
quency of tumoutr as well as of the metastases mn those patients mn
whom tumour nevertheless developed

Patients with carcinoma and coevisting cirrhosis have tumours
which at the time of death of the palients are in an earher stage of
T:l:il;‘)ms than are the tumours n patients withont ewrchosis This
\h(fmr ¢ oxplamned by the fact that the duration of survival m 1y be
M m patients with coexasting hiser cirrhosis and cancer than

hose with cancer only Ruebner et al (19861) found fi le th
patients with esrrhosis survived for 11 o the aneration fur
cancer 130 por comt ot ot d for months after the operation for
o ed wathin 3 weeks) while those wilhout cirrhosis

urvived for 16 months (50 per cent died withun 3 months)

SLVVARY

::z:":cll:‘:gnnmcnln\ imeshizations have shown that tumour cells

bt “::’l;ss more often 1n the cirrhotic Iver than n the normal

oo, es of human utopsy series have however usualls
metastases are more common 1n non crrhotic hners
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Tis dissgreement e probably not be cxplamed by dhe fael hat
human eirrlions s usuall of the portal tspe winle m mos! of the
cxperiments on record 1t was of the central Iype beeause Judoing from
the present smvestigation mjeciions of tumonr cdlis sel up tumours
equally ofter 1 Iinvers with experimental partal cirrhosis as in those
with centeil errrhosis

Previous stalisliea) walyses of findings 1t autepsy of human mate
reid werc often carricd oul without due considerition to site stage of
miel st 115 and general tendeney of the tumonrs to metaslasize W hen
these Fictors were tahan mto ccount in the pranent autopsy series 1t
was found that metwstisis from extrahepatic ctreinoma to the Iner s
not Icss commaon an the presence of eirrhosis The difference founa
sughesls (fat once tumour ecdls reach the Iner par nehsma thes set up
prow (his mare aftenaf the lner s ererholie than f it s not
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ULIRASTRUCTURAL FEATURLS OF CHANG
HUMAN LIVER CELLS
IN MEDIA OF LOW GLUCOSE CONTENT

A Comparison with Hel a Cells Cultwated under Stmular Conditions

By
MaroRTE \\ 1LLocH?!
Recerved 111 68

HeLa cells have heen transferied from a standard nutntive medum
contunung 100 mg, per cent glucose to an experiment medium conlaimng
6 mg por eunt glucose Following transfer the eells wert subjected to an
efectron microscope study to reveal possible ullrastruclural chan.es
mndieative of a metahole shift connected with 4 himutation of accessible
glucose (1 lloch 1967 a b) The ultrastructural response of HeLa cells

to a reduced glucose supply proved to comprise two separate sels of
reactions

1) A transitory change of about 1 week s daration comprising 1n
creased density of the mitochondria! matmx  dilation of the
dictyosomal cisternae 1 more orgamzed pattern and nercased
granulation of the LR membranes and <o tnerense m number of
Ivsosome hke bodies accompanied by 7 transition i their ap
pearance from mulli vesicular bodies 1o inclusions containing
membrane eloments and highly dense areas
A purmonent overall reduction 1in number and extension of the
cvioplasmic protrustons 4 morc regular and ubcomplicaled cell

surfrce and smoolh intercellular borders equipped with des
mosomes

The former modifications were assumed 1o represent a shock or
rehixation rawetion direetly connected with the shft 1n environmental
condihions The Jatler reaction was wnterpreted as an cxpression of a
reduced transport of melabolites eross the cell membrane reflecled
™ 1 reduction of the cell surface area

The present report denls with the ultrastructural features of Chang
human Iner cells m short and Ton,, term cultures in hoth 100 mg pLr

dlo
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cent glucose and 6 mg per cent glycose compared with the reported
observations on Hela celis For comparison some of the organetic
modilieations seported for HeLa colls are ncluded i the ittustrations
of this paper

MATERIAL AND \IFTHODS

Techmques for preparatin ¢ [ medea contaming 100 mg per cent and &7 mg per cent
locose eoftnation of $iela cells faxation preparation of thin sections snd surface
replics specsmens and elevtron microscopy have been des sibed in an earlier paper
{W ellach 1957 b)

Chang human Iner cells were treated according to the same procedures except
that versent disaggregstion experiments were not rarmed ont

The reported results are based on the obsertation of & chrontologicalts separate
samples of cells fixed 3 davs after traosfer from standerd medium o espenment
medium 6 samples of eells eollnnated in experiment medium lor mare than 3 weeks
before f1xation and 6 (Chang) or 15 {Hel 1) samples of celfs cultn ated continuously
inb:tmdard medwrn Each sample comprived gooled ficed coll masses from § roller
tubes.

RFSLLTS

The experimental pertod tasted for 4 months dunng which cells cul
inaled sn expersment medsum mamtamed an unchanged growth rate
wdentical with that of cells cultinated under standard condshions Mo
change 1 growth pattern or mfernal siructure of the cells could be
detected Dy light microscopy of living cultures or of fixed and stuned
speeynens

Ultrastracturaihy  the following desersplion applies to Chang cells
under all environmental condstions created n the present siudy and at
Al observed staes of experiment

Afstochondrin ave clongale srreqularts twisted measuring 8 20-035
mierons 1w width (Figs 1 and 2) The cristae have no specific orienta
t1on with respect to the nuiochondrial 1us though lengiudsnal eristae
seem 1o be pred wt The motochondrial matrix is frequently thoush
not mariablh dense and wregularhy granulated This density tends to

obscure the outhine of the cristae

Fugs 13
3
\htechondrion i Chaag eef] stavdard medium The multochondrial matrd
Fot ,,'Sfmm depscr than the surrounding ¢stoplasm partiy obscuring the
outlinte af the transversal cristae X (5 000
Alitochondria in Chang cell experiment mediym Cristae appear o be trans
versal obligue apd longiindsnal The milcchondria are smaller than thal
shown sz Fig 1 Ths differeace 1s pot related to difference m putnine
medtag. ¥ 42600 " 1o be of
tela ¢l standard mediam The msaterx eppears ta
ol :Q:O::;Zdt;‘:n“m;? l': (;xe currounding cytoplasm. So speerfic orieptatios of
0
the cristae 3s noted. X 00 a periment medwmm The
rell cultiated for 3 days in experl
Fiad ‘::‘;?ritﬂf‘sd:::l:ignisnand outhie of eristae is not distinet. X 7> 00

Fig 2
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The Golg substanet 1s extensive bul appears 1o De focated 1n 4 furly
well circumsenibed area It consists of numerous small vesicles and
several stacks of flat cisternae which show oceasional dilations The
cytoplasm of thus aren 1s vacuolnted fo v fu,her degree than the remain
g eyloplasm (Fig %)

The cells contamn a farly small number of helerogencously dense
Iysosome hhe bodies wlich coniam membrane clements  vesicles
granula and irregular dense masses Typierl mulli vesicular bodues
have not been observed

The endoplasmie reticulum 1s unconspicuous consisting of irregular
fy seattered apparentls short membranes which re refalively sparsely
granulated (Figs 8 and 10}

There 1s a marked general granulation of the cytoplasm

Microvilious protrusions exiend from all parts of the free cell sur
face including the rim of the cells The protrusions contun no organ
elles or other specific structures At thar basis struciures indicabive of
pinocytolic activits are occasionally observed (Fig 8) \Measured in thin
sechions the profrusiens hase 1 fairly constant chameter of 900-01
mucrons (Fi, 8) In surface repheas protrusions of the upper free
surface are 0 15-0 20 nuerons m width (Fi, 11) whereas the cell
T niphery 15 seen to extend inlo flattened brinching protrusions of
highly vanable width ndieaing that the peripheral protrusions may
partiaipate i the atlachment or locomotion of the cells (Fig 12)

The intercellular space consists of protrusion filled paps alternating
with areas of close intercelinlar contact alonsg siraight smooth borders
which rarely exceed 2-3 mucrons 1 length (Figs 9 and 10)

DISCUSSION

Available hiterature contuns no information on the glucose metabolism
of Chan., lner cells cultivated 1 media with 1 glucose concenirahon
;)‘n;pnrahle {o the experimental concentralion applied 1n the present
ey
There 1s litlle reason Lo assume Lhat the funclional simficance of the
cvloplasmie protrusions of the upper free cell surface 1s essentially
hifferent s Chang 2nd Hela cofis The prafrusions are presumably of

Fags 5-7
Trg 5 Colgi zone in Chan,
g c¢ll experiment medium The cytoplasm of this area
gh::cunl:(lnd Some of the G lar ek ternse show dnations Gol  zonce 1
Chane cells cultivaled 1n standard medium are of the same appea ance
Part of Golgi zone in MeLa cell standard
alated aisternae are flat % 45000 mehum The cstoplasm is acu

Part of Cclgs zone wn licla eld
experiment medium In addibion to vaen
\:h:su(;’o':) ¢f the cytoplasm therc are numerous dilations of the clstn:nr

kg g

g7
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functional unportance 1n the transport of metabohies across the cell
membrage (£ isher & Cooper 1967) and there 1s probably a paraliehsm
between the amount of metabolites transported and the quantifalie
devclapment of protrusions (1e surface area of the cefls) (W ilfloch
1967 b) There 15 cvidence that the glucose metabolism of Chang, cells
responds to cnvironmental changes m a way different from other cells
tn oilra (Pl & EXer 1963) The present obsersation of a lack of change
i surface ulteastrneture of Chang cells at transition to low ghieose
concentration mas sudgest that Chang cell ghucose metabohsm 1s guan
tstatinids fess sensiline lo greal varations 1 the amount of aceessible
glucose than that of HeLa celts

The wltrastructure of all internal organelles of Chan,, cells 1s observed
1o be unaffected by the reduction of glucose supply both immediately
after transition and durnng prolonged growth (n cxperiment medum
The shift 1n envirenmental conditions does not seem o intul a shoek
or miiabohe relaxntion sumilar 1o that asenbed to HeLa cells snbjected
ta the same trcatment

While Hela cells are of malignant ongin Chang cells derve from
norma] human liser The present comparison can not be directly cor
related with the malignant/vormal orgin of these two cell types as
{here scems to he no reguiar difference 1 metabolie reaction patlern
buiween malignant wnd normal cells 1n mifro when therr glucose supply
1s vatied (Danes & Paul 1961 Eagle et ol 1958) The comparison re
mans confined 1o HeLa and Chang cells as sueh and the obseryattons
may mpls the su.eslion that HeLa ccdls are metibolially more de
pendent than Chang cells on the amount of accessibic ghicose

There vxasts an unsabisfied demnd for stmple unamhzaous mor
phological erilenia for the wdenhficabon of ongin and type of cells
w vilro (Harris 1964 W dimer 1960) According lo the present obsernva
tions Chang g Hila cells are ultrastructurally grossly similar under
siandard contitions and can not be distinguished from ewch other by
means of simple electron microscopy Also the sanability of HeLn cell
ultrastruclure under sarving but sulficient miiriine conditions leaves
fittte possinhiy for the establishment of specific ultrastruciural char

acteristies of this cell

Figs 8-10
hery of Chang cell standard medm The long slender ¢3to
H “;ims have 5 uniform width of 05 01 ms ron  Straclures
\ie mctinly are seen A the basis of same protrusins
asmie reticulum X 42 000
sntereeltular space 22 microns in extension

Frg 8 Part of pery
plasmie protrus:
nds ate of procviol
“ote slemaents nflkhzle;dop: ;

Fig 8 Straght uncomplicaled par o p
Chang cells stapdard medwm . in extomsion

t of lntercclinlar space 16 microns in exte

B 10 Straleh! ncompieatel T e Fhe cstoplasi ¢ mtais smadl elemeats

of the endoplasmre reticulum ¥ 4y 000
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Figs 11-12
Part of upper free surface of Chang ccll The collapsed microviflous pr
trusion have o fairly constant width of 015-090 micr ns X 18 500
Fip 12 Devy heral protrusion ¢f Chang cell Tcrdg heral yrelrusions are p el
podia like branched and of highly variable width indicating that thes may

be of importance n the atiachment and lecomation of the eclls X 15000

Ty 11

SUMMARY

An eleetron nueroscope studs has been made of external and miernal
morphologreal fertures of (hwn, human Iner cells cullnated in 3
standard nutrilne mediwm cont unmg 100 mg per eent tlucose and 1n

an experiment medinm conl uming b my, pr cent plucose The obsersa
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tions have been compared with those reported earlier for HeLa cells
subjieted to the same treatment

Chang cell surfaces cxhibit numerous filiform cyloplasmic protru
sions which are appercntly modificd into flat pseudopodin like pro
trusions alon., the cell mim Inlernal organelles are of htlle specific
wppearance and show no sign of orienlation or speeific loeation

In HeLa cells a reduction of glucose supplv mnduccs ultrastruciural
chan,es su,gesiine of an immediite shock reaction and a permanent
reduction of surface area induced by a decrease in melabolic activity
In contrast all ultrastructural fealures of Chang cells remmned un
changed durm., the entire expersment period It 1s sus.ested that Chang
cells are less sensitine than Hel a cells to great vamalions 1n environ
mental glucose concentralion possibly m the scnse of being less de
pendent on the amount of accessible glucose in the quantitative mam
tenance of Iheir glucose mctibolism

1t 15 nlso indicated that neither of the two cell types show ultry
structural characterislics suitable as specific identificalion markers
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IMPROVED METHODS
TOR GONOCOCCAL SAMPLING AND EXAMINATION
ON A LARGE SCALE

By

B Gistan and L O hawnnes
Recenved 2° v 6%

Due to the lugh frequency of gonorrhea m Sweden and io the corre
sponding actrvibies to treal and control the disease (Gastrin & Aallings
1964) the laboratory methods were analysed in an effort 1o find more
sensitive procedures and adapt them to large scale operafions Altbongh
the hactiriol 1 thaods for ex g B 1 hae
steadily smproved during recent years many cases of gonorrhea shll
eseape thagrosts beeause of the difficully n heeping the gonocoscer aline
during transport to the Iaboratory and obtaiming recogmzable growth
on the culture media Sincc 1946 Stuart has studred this transport pro
blem and sn a series of articles he reported the expersence with a
medium which now 1s used 1 many laborsiories throughout the world
{Stuart 1946 1906 1909} The resulls have been confirmed by Reyn
{1960) and Ringertz {1960) among others For a laboralory fo sene
targe districts 1t 1s necessary to tmprove the transport meduum to meet
the demands of more protracted carrsage and permid long storage
periods of the medwum so that physiclans will have a transport kit
always at hand Under these conditions one ecan rationalize the large
scale production and dsstribution of ihns medinm

A number of selectnnve culinating madia had been tested earber with
a vies 1o therr capauty of mhibiing irrelevant bacteria i the spres
mens withou! serioush mhibiting the gonocoees but none praved salis
factory {(Crookes & Stuart 1959) Iu 1964 however Thaper & Martin
reposted fatourable results with a medium contaming polymyxin and
nistocetin (Thaper & Warhin 1964 1986 Marlin «! al 1960) Later
ristocetin was exchanged for vancommvem { Varti ef al 1967)

Although the optimat environmental factors for culination of gono
coect are well hnown practical dilficulties of large scale cultiatwon
are ssohed mn the mamtenance of ophimat cultisalion condilions over

he entire mcubation pertod
f L}‘Ee p:csenl paper deseribes the resulls with 2 new transport kit
{hallings 1908} designed for the samphing and forwarding of gono-
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coceal specimens Dafferent materinls and sterihization methods for the
swabs also were trned Further the selective medium contaimng pols

myxin and nistocetn was studied on 1 large number of samples The
mamtenance and control of swinble environmental conditions for the
cultivation of a Irge number of 1t samples (500-700 ples/
dav) was solved by using 7w mesbator with 1 controlted level of co

and humidity 1n the atmosphere

MATERIALS AND METHODS

straint The ‘were performed on gonococeal stramy iso
lated from routine tests om samples sent to the laboratory Thesc sirains Were not
subtultured mare than 5 times during the experiments The verification criterin for
diagrosis were typical colony formation with oxidase postne gram negatue
tiplococes »hich ferment dextrose but rot levulase or maltose

Transport medium Stuarts mediura modified by Rengert (1960) was used as
transport medium and was made according to the fallowing procedure Agar 10g
thioglyeollic acid 1 ml1 Na g), h 29 per cent 1a watery 50 ml CaCl
solution (1 per cent 1o waler) 10 ml methylene blue solution (01 per cent in water)
2m! ag dest 950 ml

Cult mediam The cultinaien medivm was hasmatin sgar with horse
serum anstead of asaitic fluid according to the following formula  Spamsh agar

B g ox heart broth 1000 ml peptone (Wilson) 10 ¢ NaCl 3 ¢ na HPO, 12HO
2% whule horseblood (heated to 78 ©) 85 md horse sernam 300 ml The pH of the
medjum was 79 The selectine medinm consisted of the same haematin agar with
25 units polymyxin and 10 meg ristovetin/mi

Diluent Phasghate huffered sahne (PBS) according to the following formula
NallBg Na HPO, 2HO14g KC10%¢g hH PO 02g agdest 1000 ml

Transport 11t In the new Lit 20l of the transport medim was filled in a glass
ampoule of ahout 150 mm length and 15 mm diameter (Kallings 1908) The air in
the ampaule was substituted by nirogen gas the ampoule was sealed and auto
claved The swab was wrapped in 2 plastic package and enclosed with the ampoule
n & spea13l palvstyrene transport tube (Fig 1)

Swal he routime procedure used earifer 1nvolied boiling ordinary cotton
tipped wooden swabs in Serensen phosphate hufter for 5 minutes followed by dipp
10g In a suspension of 2 per cent activated charcoal 1 distilled water and auto
claving at 120 C for ¢ mrautes later the specimen swabs for routiie use were
sterilized by gamma irradiation Frve different types of plastic poly mers sterilized

¥ ¥2mma {readiation have been tested as material for the transpart snab sticks

Erouonmental factors The carlier routine method msolsed incubation of the
viates for 1 day in a closed contamer of stainless steel (55 X 30 X 25cm) with a
capacity of 150 plates €O, was produced by mixing an excess of sodinm bicarbonate
2nd 50 ml ot sulghuric a6 yn & dish o» the Boltom of the tontalner the hearmadity
“;‘* cassed by means of a sponge placed in A vessel containing W ater Then the
plates were incyhated for another day iu an ordimary incubator The Incubation
temperature was 37 G hut 1t took a considerable time to reach thas femperature
""i""thoﬂt the container

n or

in Ordet to obtam better eontrol of temperature €O and humichty & €O,

¢ibator with a capacits of 2000 agar plates 15 being used now {Carbon Dlomid

neubator o 1236 manufactured by Hotpack Corn USA) The humidity 1s re

f“ ated automatically The CO content 1s regulated by the mflas of air and CO

f;l fixed proportion and can be varied het veen 0 and 20 per cent 0, As a result

o yepenimentation a relative humidits of 90-9 per cenf and 2 CO ‘ontent of 4
cent

asused Far the rout e 1 olation of gonoesces the plates were Inenbated
l‘v_rn:hml 36 haurs ag 35 £ 05 C b
o1,

in

o, was with contain ng 10 sensit € measur
m“‘:menls The CO_content i1n the atmosphere was determined b a Drager
1t TINR apparatus (Dragerwerh Libe L) with a reagent tube The relatv homid
Y was determined with an ete tric hygrometer
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Fig 1
Transport hit for gonocoecal specimens From left to right Transport contamer
(mathing tube) sterile specimen swab in plastic enxelope and medrum smpoule

Bactertal counting The survival of the gonocoees in the transport medsum was
myestigated 1n the folloning msuper The gonococer which had been grown on
haematin agar plates for 18 hours nere suspended :n PBS to a certam density
01 ml aliquots of this suspension were absorbed I earbon coated swabs which
thep were winserted into the transport medivm and allowed to remain there for 1
23 and 48 hours at %2 C. The snabs were removed from the transport medinm and
shahen mechanseall in 5 ml PES under standarthzed conditions after which the
number of bacteria 1o this solutron was counled by means of the plate dilutron
method Aliquots of 02 ml of ten fold step dilutrons were distributed over the
surface of haematin plates The colomes on plates givung between 30-300 colonzes
were counted after neubation for 20 hoars 2t 37 C 1a €O

n the exp sarous Is and sterilization methads of
gwabs the swabs were tested b the abne procedure The slorage tume 1o the
tran port medium was alwavs 48 hours and in oll cxperiments wooden swabs

steriized by heating were used s controls
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RESUT (5

The Transport Medim

After vanous penods of storage al room temperiture the medium
sealed 1n ampoules was compared with fresh medium The nerage of
duplicated experiments with ten newly 1solated gonococenl siroins
were us d for cach of the comparisons The results are gnnenan Table 1
as the quotient of the number of surviving bacterivn the ampoule
medium 1o that 1n the fresh med The ampoul q was found
10 be better than fresh medum even if the ampoulés were slored for
42 months at about 22

TABLE 1
Comprrison betu een Fresh Stuart e ftum and Stuart Wedwm Stored i Sealed
Ampoules for Different Pertods of Time

Storage time Storage time of bactersa in medium
of medium { traosport time™} Average
1a months 1 hour 24 hours 43 hours
3 16 33 14 24
5 07 12 13 11
9 a2 14 18
1 11 35 33 20
0 11 14 1o 13
i 11 1% 21 19

Aversge of all quoticots 18

bacteral no in ampoule medium
bacterialno in fresh medium

The values represent the quotient

The Swabs

Tue dsfferent typus of plastic polvmers were tested s matennd for
{he stichs and were compred with wooden ones The polvmers were
considered to be nonloxic The survival on plashic swabs of 10 nenly
tsolated gonococenl strains was mvestigated i duphicate after storage
n Stuart s medium at 22 C for 48 hours In each test of the plastic
swabs wooden swabs were wcluded us coutrols The resuits are given
1S the average of the number of bacters1/ml of solution 1 which th
stichs wert shaken 1o relense the bacterta (Table 2) The results shiow
that the ordinary wooden stichs were considerably betler thin the
nlastic sticks tested

When speeimen swabs sterihized by gamma radiation were used bar
ferial survisal was tested in the same manner as bactersal survival on
the plastic sticks  Gonococeal viabalits on wooden swabs whether

treated wath 4 radialion dose of 4 5 megaragd
or he;
found to ditier 5 at sterilized was not
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TABLF 2
Tests with Different Plastie Stick Swabs

o of bacteria/ml 1n shahiag solution

Tspe of plastic material Plastic Wooden
swabs swabs
Polypropylene | 390 3100
Polvpropylene 11 610 5100
Low pressure poly ethylene 320 5100
Nilon] 270 40000
Nylon 1 410 40000

The values given represent the mean number of hacterta/ml 1n the shaking solu
uax:i in experiments with 10 gonococcal strams after 48 hours storage fn Stuart
medrum

The Selective Medum

The comparison of the ordmary haematin mediuns with the selectne
medium contaming 25 umts of polymyun 1nd 10 meg nistocetin per mi
w s first carried out on about 8 500 rontme samples recened durmg
some weehs The results encouraged further studies dunng an addi
tional imited period of time on about 11 000 samples These compart
sons showed 1hat about 20 per cent of the gonococcal findings could
be demonstrated by the help of the sclectsie medium onlv Abont 14
per cent were demonstrated exclusisely on the ordinary haematin agar
For epidemiological reasons with a view to revealing as many gonor
rheal e1ses as possible 1t was decrdid to use both ordinary and selec
tne medium n the rouline over a longer period Thereby n total
of 94379 samples were made avarlable for analvsis Gonococer were
demonstrated 1n 9567 or 101 per cent of the samples m 6641 of
these (7 1 per cent of 1l samples) gonococel grews both on the ordinary
haematin ngar and on the selective medium 1n 818 samples (09 per
cent of all samples) gonococu:r grew only on haematin agar and m
2 108 samples (2 2 per cent of all samples) gonococer grew only on the
selectrve mecdium (Table 3)

TABLE 3
Comparison of the Ability to Isolate Gonococc: fram Samples on Ordinary Haemalin
A;arpl’latu a,f.d Plates Containtng the same Medizm unth the Addition of %> Emits
Polymyaxtn and 10 yg Ristocettn per ml {Selechwe Medtum)

Number Percent
of of samples
samples positne
1
Totall samples 99 gég o1
Tatal pasitive samples 9557 o1
Growth of gonococe on both mediz o i

1;
owth of ganocacer on haematin agar only
g:b\‘\g :{ Eouucoccl on selective medium only 2108 22
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To cheek th it 1he ncreased number was not due mendy fo the fact
that two plates wstead of ont were used fo test the samples 1 com
pansen was done with 11 60 specimens cullured on two piates con
tanmg the same medium The comparison showed thad the number
of positive sumples were mncreased by 02-0 3 per cent if dupheate
plates of the same medm were used

Growih of econtaminaling bactersa on the iwo medin differcd preatls
‘The ordinary medium was reported to be overgrown m 9 8 per cent of
the samples but only 1n 09 per cent on the selechine medium (calen
Yated Trom 10 400 samples) The selective medrum nhibited growth of
almaost all contammmating, bactera with the exceplion of some strans
of proteus In many instances, the gonococer were found 1 pure enl
ure on the selectne mediym

TABLE &
Comparyson of the Abiity to Isolate Gonococes oftes Incubation m a
Conventional Box (s¢e Text for D scriphon) and 1 a €O, Incubator Mantaining
Optemal Enyeronmental Conditiins

Total Po of Per cent

no of positive positive

samples samples samples
ncubation in box 65 of 1 1226 94
Incubation in €O fncubator 38815 4341 11?2

" The selectin¢ medinm ooly was incubated in the CO incubator whereas the
ardinary haematin agar was still incubated 1 boxes

Envtronmental ['actors

A tvestigation of the effeet of environmentni factors on the grosth
of gonacocey shawed that an effectnve repuiation of the optimal con
ddions us regards temperature relatine humidity and €O content
creased the number of positine findings by 185 per eent {Table &)
tompared with that obtamed by the conventional culture method The
;\:’lony hameter of 10 newly isolated strans was measured after 20
' k;rs incupation  such orgamsms as had been cultuated vader can
rolled conditions had diameters twice the size of those of orgamsms
rcubaled w steel boxes placed m an ordinaty incuhator i which a

umid G nch atmosphicre was produced by simple methods An
mestigation of the temperature w the medwm withm the pein dishes
i the boy and m the €O, mcubator showed that a temperature of 36 €
w15 reached wn the laller about 1 hour after it v as loaded watl 2006
253 plates at room temperature Howener heatng in the stect box
1aded with 150 plates proceeded at a cansiderably lower ratc
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ADDENDL Y

In October 1968 ristocetsn 1s stll available and continuation of production 1s planned



Acta path macrobiol scandinay 7% 371-330 1968

Gtatens Bakterolagisha 1 aboratorium Stockholm Suneden

THE SURVIVAL TIME FOR DIFFERENT BACTFRIA
IN VARIOUS TRANSPORT MEDIA
By

B GastRin L O hatuines and A \[arceTIC
Recened 6§+ 68

Durmg, the past decades numerous attempts have been made to find
some means of mamiuning the viabthits of sensitive microorsanisms
while being transported to the laboritors Much of the earlier expert
enees are derived from attempts to wmprove gonorrhocal diignosis
{Pet er & Steffen 1943 Reyman 1844)

The first actual transportation medium for gonococer wWis made by
Stunrt (1909) Owuidation was prevented by the addibion of thootveolhic
aad To inhibit growth of irrcles int bacterit ail nutritive substrates
were eliminnted Agar was added Lo preserve fhe anacrobie conditions
by preventing agitation during transportalion

The presence of Lloxie substr ites for gonococer 1n the agar and m the
colton of the swabs was demonstrated by Tey & Mueller (1946) and
Stuarl et al (1924) who showed thal this ¢ffeet could be eliminated by
charcoal Moffet et al (1948) r d that the swabs
should b hoiled m buffer and dried and dipped m a suspension of
1 per cent pulvenized eharcoal Ringert. (1960) and Reyn (1960) con
flrmed that swabs treated in this w1y were superjor {o untreated ones
for m & viabildy 1 g 1 s m transit

{n addition to gonococer manjy other pathogenic microorgamsms hve
been shown to surne i Stuart <« medum for example memngococct
Shigella H pertussts and anaerolic bactena (Cooper 1907 Stuart 1906
1909} In general sensitive hactana survived for 24 hours wlule less

sefisitine muerooTgamisms sunned d storage period of 2-3 weels or
longer at room tempurature

Woller (1986) described a transportation medium (\MG) which he
found superior for demonstrating streptococer and anaerobic non
sporulating bacteria in endodontic samples In contrast to non nulrient
transportation mediy s the Stuart medium 1t contuned nercdients
which miht support growth and in addition a bacteripstatic agent

Nune of the curreni media has been generalls achnowledatd a< 2
transportation medium switable for most hacteria wn climical M’\’d publie
huallh bacteriology  In general specimens are forwarded under con
fhihons wlich do not prevent quantitative changes 1 the bacterial flora
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The present mvestigation desenibes 2 new modification of Stuw
medwam desi,nated SBL medwm wluch muntamed the flora unchan,¢
for the preat magorsty of the swnb specrmens The survsal ime of som
of the most wnportant pathogens wm chnieal bactersofogy has been com
pred sn Stuart A MG wnd SBY medsy

TABLE 1

Bartersy and Plate Counting Medin Used wn the Expervments

Straja

Counting medra

-

Clastridium perfragens

2 Corvnebacterium diphteriae

©

¥ scherichia eels

IS

Haemophitus parsinfinenzac

5 Hacmophilus pertussis

-

Yersimia enferocofiica
Blebstella

-

o

1 1sterta monacs togenes

@

“eissema gonorrhoear

Nersseria meningriedis

=3

11 Poeumacocens

12 Protens sulgarns

13 Pseudomonas aerugesass
14 Saimoneila

13 Shigella

16 Staphylocorcus anrens

17 Sireptocaccus

1% Vibrio cholera

ON\-1483/1801 Tvpe B

{W eHcome)

SBL-23/1948 milas
SBL~"31/19a7 watermedius
SB1-7195/1966

SBL CT1/1966 0 111 B 4
SRE~304471906
SBL~1026/1066

MU 192 (Dethesda)
Dander d Hosp1tal-6728/1967
Winhiad §97 (Malmo)

A-8054 type 1 ({openhagen)
B-5055 type 2 (Lapenhagen)
Patersson 7973 tape 1

1 atersvon 5348 t3pe °
SRL-19154/1967
SBL-20159/1987
SBI-114740/1907

SBE ~114781/1987
SB-4998/196¢

00 Contre Int () ausanne)
SBL~2287/1963
SRI-17519/1866
$HL~177/18%7
SRL-17231/166
SRL-1,854/1966

SBI -19783/19A6
SBL~R561/1956 S typhimurnium
SBL-R15:573806 $ manhallan
SBL-R?03/1966 Sh souna
Public Health bervice Atlanta
Sh flexner] tipe 1271923
O<forg-209

{ondon b phagetupedo 81
ABL-4~84/5804 group 4
Rockefeller Inst

type 34-Crifhith 1846 (\ew York)
tnaba-47 {Ferer Hospital Cawre)
Ogawa-50 (Rainsford LS
Nav) Hospital Casro)

Blood agar
Loctfler serum
agas

fado agar
Haematine seru
agar

Berdet Gengouw

Blood agar
Yado agar

Tryptose agar
Haematine sern

agar

Haematine exy:
agar

Blood agar
Desaxxchalat
catrat agee
Fnado agar
Fudr agar

Frda agar

flood spar

Tervptore ayar

Rload sgar

Freshiv isolated straims
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MATERIAL AND METHODS

Bacterinl Sirains and Plale Counting Yedia
See Table 1

Transpartaleon Hedu

Stuart m dizm {\edificd by Rungert 1960) Bacto agar 108 Thioglyvollic acid 1 mnl
“a gl cerophosphate (70 per eentin water) 59 ml Call solution [$ pier cent i water)
10 ml Methylene plue solpbion (01 per cent in water) ? ml Ag dest 930w pH 72

MU (536 1) medinm Ager washed 7 g Bacto gelatne 5 £ Tryplose 95 ¢
Thiotone 05 ¢ Cysteine ydsochlarade 85 § Thiogheolfic aced 85 sl Stack salt
solution 108 m! Aq dest 300 ml

Stael salt wluh({m Yhen Imercuric acetate D05 g Call 6§ RO 24 g AT 32 ¢
&l 10 g VgSO T §,0 1 ¢ Srdwm glvecrophosphate 167 g Methslene blue 003 ¢
411 test ad 1000 m1 pH 75

SBL medutra Bacto agar §-10 g Thivghreolhe acid 05 ml § diumt glieeropho phate
W g Call {1 per cent in waler) 1D ml Crsterae hydenchloride 0805 £ Methylene
Blue {01 per cont an water) X mt Aq dest $30 ml Fhi €091 pif 2 gl stremgin
g

The transpartatton Ait 1s the same as that deserthed by Aallings (1968) and
Castrin & hallings (1968) S1th the 1ransportalion media thelosed 18 Wrogen Hifed
glass ampasles which were opened :mmediatels hefore 0 ¢

The smabs were ordiary cotion tipped wooden shchs shich xere hofled
Serensen s buffer pH 4 treated with charenzl patked m plestic ensvelopes and
sterihzed by 4% Vrad of gamma sadistion

Perfarmance of the tes! The bacteral suspensions for inoeufation of ihe swabs
vere made hy growing the test ruerencgaacsms for 70 hours on agar redia The
bacteria \ ere washed aoff the agar surfsce with phosphate buffered saline {PBS)
The su pension w&s adyusted to contam 7-30 X 108 cells per mi aad 81 ol aliquots
»ere transferred to small tubes The swabs sere left in these tubes until all the
bacterial syspension was absorbed Alterwards the swabs were plared i ampotles
coutaiming the differen? transportation media end stored at room temperature ig
the dark for different times up to 128 fours

After the starage time the st abs were remaved from the ampoules and placed
tubes wath > ml PBS The fobes v ere shahen mechanically (50 cveles/sec) for
approximately 20 sec The number ol surviing bactenia 1o the PBS suspensian was
counted by the plate syrface ditation method

This method for reco eting bacteria from the sy ahs alter the  had been stored
for one hour 1 the transportation mednim resalted in a loss of -2 Jogs per swabs
€ the different bactenn For rumparstice [ urposes the number < I bacterta which
sould be recovered from the swabs after ofie hour storage i the respect ¢ media
* a5 used as the veference alue This alue was expressed as the number of bacteria

per ml PBS i shich tae snabs < cre shahen AN other résults are presented an the
sume mann r

RFSUSTS

The chance m the number of viable bactenta afler different storage
Ymes for the vanous tpes of bactera and transportation media ex
amined 13 shown i Fies 1-3 The values are guen as the average for
one 1o four strams of the respecting bactern each strasn was lusted
wt dublieate

Croup A streptococes and Slaphglococens anrens surs wed 120 hours
m W deffe rent transportatizn medin For Stuarl and SBL media the
hckaral count was atmost unchanged afler 120 hours On ibe oiher
hand abont 1 4-1 7 togs inerease oecurred n the VG medinm duarin
the same hime A

P rl"ht Bomncpcer and menncoceoee counl decreased contsiuousts about
0R8 11 120 heurs 1 Al medin durimg the storage ime
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‘The change 1n bactessal aumber expressed in log, o afler storase on charcoal treite !
swabs 10 3 duffercnt transportation medsa for diflerent times (1 190 hours) at t om
temperature

‘The pocumococ count i VMG and SBL media was almost un
changed after 72 hours bul further there was 2 conltnuous deere 1t
which after 120 hours 1mounted to out 1 lo, In Stuart medium (he
decrc1se was more than 2 logs in 120 hours

The ZListeria monocyingenes count remaned approxunifch
changed m Stuart s mnd SBL media after 120 hours while an nere 1ve
of 19 logs occurred in VMG medium (Fig 1)

Haemophtlus pertusses decreastd by about » fo,s m 96 hours
Stuart s and VMG medir 9g st 15 Jogs in SBL medimm The badderr
count was vlmost unchangcd after 7.2 hours in SBL medium winle
deerease of 2 3-3 0 lous oceurred m Stuart s and in Y M& meda (Fi,, 21

Hamophilus pura inflnen a showed 1 continuous deereast 1n SBL nd
Styart s medin 1mounting to 0 5-0 8 fog after 120 hours Howexver these
occurred an merease of 12 Jogs after the same time i VMG mednun

Haemoplilus influca-ne Three freshls 1<olated strauns of H nfin

un



371

— 1

8

-
i
b \\%_.__\
24
1
" My i -

N
R RN

- Ciwmidp f g Cdphihe »
o}
st P -
e
N 7’_
3

Nb hle

N [
3 24 4B Y2 %% YD 1 23 43 72 98 120
ko

Fy ©
The change 10 bacterial number etyressed In log, o after storage on chareoal treated
swabs in 3 dafferent tran portation media for different time (1-120 heurs) at room
temperature

en ae were Inter meluded in the present imestisahion They were found
Lo be more labile than Haemophilus para infinenzae After 120 hours for
SBL and Stuart medir the deerease wis about 2 log and for VMG
medwm 0 1 log

The Clastridium perfringens count did not change after 120 hours
n SBL medtum while it was reduced by 13 logs in Stuart s and m
creascd by 12 logs wm VMG durin,, the same time

o m ijar change n the bactenal count of Corynebacterium diphtcrice
oceurred after 120 hours n anty mtdam

The aunber of 11brio cholera increased fess than 08 foe 4 r 120
hm{r:x;n SBL and Stuart s medis while annerease of 17 §cg « urred
m

e § ersima enterorplifica count was almost unchanged i <77 nd

‘.;:mr\; media afler 120 hours while 1t incrcased by 14 log IWMG
shp 2)
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The change 1n bacteraal number expressed fnn log , after storage on charcoal treated
swabs i 3 different transportation media for different times (1-120 hours) at r om
temperature

The gram negative rods helonging to Fscherichia Protens hiebsiolla
Pseudomonas Salmonella -md Shigelln behmved similarhy durng a
storage Lune of 120 hours All these bacterta increased by 14-2 5 logs
mn VNG In Stuart s and SBL media they sursned with 1 change of less
than 1 log (F1g 3)

In order to simphfy the evaluation of the resulls the bacieria were
iret,ed accordirg o therr sariial capacits wr SR transportiton
medium The surnvval epacits wis measured after 72 hours stora,e
1n the transporiation medi: and expressed as the log differince belween
the breterind count after f hour and 72 hours (Fi, 4} The resulls for
Siuart and V\IG medm are gnen for comparison

The figure shows as expected that the pathogentc Aetsserta and
H perfussis were the most sensitive ones The difference 1n surinal
hetween many strams belongin,, to other hactenal species was so small

that thar order of arrangenment may be eonneefed with errors in the
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The investigated bacteria arranged 1n sequence according t) their change 1 number

after storage for 3 davs at room temperature on charcoal treatcd swabs in SBL

transportation medium The resulis from Stuart s and Y \MC media also are given for
comparison

method or with individual variation in resistance of strams within the
same species

After 72 hours none of the bacteria mvestigated increased 1n number
by more than 0 8 log 1n the SBL and Stuart s media On the other hand

11 of the nvestigated struns had increased by more than 1 log in
WG mediwm

DISCUSSION

A transportation mediim ought to be able to mamntun all sensitne
microorganisms viable bul at the same lume prevent growth of other
bacterin which may be present 1 a sample The orgamisms should be
Preseried at the same level and in the same proportion they had at the
sampling, To fulfil these reqmirements the mediim should have the
following properties  low nutrient content no mhibiting factors low
oudation reduction potentinl and a physiological pH The purits of the
mpredients were found to be essentinl

Maline & Finn (1951) and Voller £1968) hne shown that sedmm
thieglycollate 1s toxic for many microorgamisms therefore the 1mo mt
of 1lus subslance was reduced 1n the SBL medium as compired fo the
Stuart medium A fuwourable effect was oblained wath a larg, number
ol lesled mieroorganisms when a small amount of cystemne hydrochicride
replaced part of sodium thioglycollate as reducing agent Larlicr unast
#alors have tested hiher amounts with sarying vesults (Bosr t al
1931 Conld et al 1944 and Voiler 1966) In the experimenls 1 o neen
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tration of 20 my, evsteine HCI per 1000 m! was found superior to lgher
concentritions

The concentration of caleium chtforsde used was 1n conformily with
concentration used by recent mveshigators (Stuart 19o%)

The use of sodim gheerophosphale 2s bulfer w 1s hased on Seuarl s
report (1959) that this salt was superior to the morgame phosphate
when CACl was wsed IHowever some muroorgamisms metabolize
»lveerophosphate In such case the {ransporiation medmm mas promote
bactenal srowth (Cary & Blar 1964)

The SBL medium contuned 8~10 g washed agar per 1000 mi chlorne
free distilled water The precise 1mount of ar w s chosen accordmng to
measurement of the gel stren th (Jonsson 1967)

Barlow et al (1903) h1se ased resaznrm as an Ch indicator How
ever Stuarl (1959) pointed out that methnlene blue 1s decrdedly better
bemng more sensitise II reacts at T'h + 001 10 contrast to resazurin
which reacts at { h + 005 Thercfore meihviene blue 1s used in the
SBL transportation medium as well as in the others

Mos? presious insestipations on the sursnval of bacteria m chmeal
spectmens an transit have heen designed to see whether there was ans
hacterial growih dumonstrable after diffcrent periods of time Obvioush
the demonstratien of survivors was dependent not onlv on the pre
serving effect of the transportation medwm hut also on the imtual
bacter1n) level ang the efficiency of the colturing techmque to detect
small numbers of the different orpamsms As these factors mav vany
constderahlv from expertment to epermment and with the chfferent
orgamisms tested the general appheation of the results was uncertam
In the present expenuments fherefor. the factors of inacination or
multiphieation have been determmed by surynal or growth curves based
on v1able cell connts to admit comparison between different mestiga

trons and bactersal species
In our studv the wmacination for two out of the three species found

to be most labile g nd 0cel ted to betwecn
1 1-1 8 logs 1 72 hours when they were stored mn the SBL medium at
tiv cultnres ¢ a great pumber

room temperature Ce
of cells can be expected to survive for 1 considerable hme Actualls the
SBL medium has been routinelv used to preserse gonococer strams for
two weehs or wnore 1n the refrierator The third labike organrm
H pertusss deercased onls by 02 fogan 72 hours af room temperature
n the same medmm offtring greatly improv ed dragnostic possibihity <
The macination faclor of this orgamism in Stuart s medium was 2 3 toos
i 72 hours which shif 25 probabh 4 much better result than could be
eved by many current methods
qd’\‘"‘hc results revealed that the Stuart and SBL medin also were suitalle
for the transportahion of other clintealls important pathogens sach ’.:s
the ,ram positine progesic coect Further these media prevented the
] Klelsiella Proleas and Pseado
growth of the gram nesatne rods €9
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monas which use to causc problems by overdrowing labile nd fast
dions org: The emd 1y important palhogens tested
hel 1o the Sal la Shigella and Vibrio genuses as well as
Corynebacterium diphteriac were found to survive without anv gre ater
change m {he viable count

The third medium tested the 3 MG medium offered as good survival
capactty as (he other two medin but promoted growth of maost bacterry
exammed This growth promoting eftect 1s according to Moller (1966)
partls due (o restoration of {he reproductive eapacily It must he pointed
out thit ¥ MG medium 1s made for iransportation of endodontic samples
In ftus work the group of annerobi¢c non sporuliting bacleria his not
heen slndied A multipheation during transportation mav scem ad
vantageous for the deteclion ol speeific pathogens as for instance
Salmonella and Corynebacterta but 15 generally combined with the
multiplication of other bacteria in the specimen mterfernng with the
diagnostie efforts

‘The comparison between the threc transportation media reve iled that
ihe least increase or decrease in the count of the tested bacteria ap
p ared 1n the SBL medium This medium therefore seems suitable to

use as a common transportation medium in different hinds of bacterio
fogical examumations

SUMMARY

A quantitative approach te dingnostic bacteriolo,y necessitates meas
ures which mamntam the bacterial counts unchanged during the trans
portation of the specimens 1o the Iaboratory preserving the vinmhty of
labile orgamsms and preventing the multiphication of the rest For swab
speamens this objeetive can be accomplished by using 2 smlable trans
Tortation medium e g the Stuarts medium for gonococel

A modified Stuart « medium (SBL) mntended for the transport of most
kinds of swab specimens has been compred to the Stuart medium and
% third medm based on other prieiples The media were )ept m
nitrogen filled glass impoules \anctcen different bicterial species com
mon 0 chmanal baateniedhe.s hane bran vl 36 vesh vigemeTin The Trosh
fourble results werc obtuned with the modificd medium  thus as
falnie 1 organism s Haemophilus periussts for example decreascd iy
only 02 1o, afler 72 hours at room temperature and no hicteria te Led
tnereased by more than about one lox, 1 number dunng that time
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THE SENSITIVITY TO MECTHICILLIN AND
PFNICILLIN OF METHICILLIN RESISTANT STRAINS OF
STAPHYLOCOCCUS AUREUS

By
haup S1sont and Lone hroen
Reeenved 34 68

The mereasing frquency of Staphylococeus aureus resistant to methu
ailhin 1n hospatals in France (Chabber! & Pdlet 1907) Y ngland (Jevons
et al 1963 Stewart & Holt 1963) and Denmark (Erihsen & Erichsen
1964) has been depriving physicians of their most efficient drus 1 the
treatment of sevcte staphs lococcal mfections The naturc of this natur
ally oceurnin,, resistance to methicillin has been discussed by Barber
{1961) who found the methicillin resistant staphnlococer protoplast
like Both Barber and Erthsen & Erichsen (1961) have described the
moculum effect  of these bacterin towards metlucilin te that re
sistance mereases with the size of the wnoculum Friksen & Erichsen
ascribed less importance 1o a pemcillinase indep ndent resistance of
low degree and more to the production of pemeillinase Seligmann
(1966) however who worked with one of T'riksens stramns could i
Uilro seiecl stable vamants wilh igh resistance and asenbed thercfore
more importance to a hypothesis of high step mutations thewr fre
quencey being ¢ 104 whle the rest of the population had onls shghtls
decreased sensitinity Chabbert (1967) mvoded pematiihinase production
by trealing, the cells wath aenflavine and could support Sehgmann s
desenption Mast cells w, the population bewne oither sepsitwe trewt
Ment with methneilhn might be regarded feasible but prored un
Sucecsful

The cephalosperins cephalondine and cephalothin are behcved to
hae the same hand of effcct on stapinlococer as methictilin (Barber &
Waterworth 1964) the effect per Weight umt of cephalonidine being
cight times thal of m thieithn (Chabbert & Pallet 1967) both on mctha
allin sensitine and on methialhn resistant strains of Staphylococcus
aurens In vitro Bulger (1967) found svnergistic effect of ceph ilothin
plas hanamvein on mettucilhn resistant staphilococer but rosults m
vatients have been doubtful (¢ hal bert 1967)

We are gratef 1l to Vichael W eis Rent on actuary Buoyetatistical t
v 1
b king fhron h the statl t cal caleulations ticst Do s
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Fig 1
WMethiesllin sensiinaty of Slaphylocorcus auteus
Distribution of 1Co0 read after 48 hrs

7able 1 shows that while the two parailel rows of tubes usually
gave the sume end pomnt with the melhicillin sensitine slramns  shew
titres were sigmficantly more commeon with the methienlhn resistant
struns A comparison with the results from lests with another spicses
Clavobacterttm meningosepticum (OQlsen 1967) shows that this rod
behaved against twelwe anbibiohics and among these striptomyen s
methieillin sensitive strams of Staphylococcus aureus did to methy
etlin and diffcred from the melheillin resistant sirams n their be
havour to methiethin These shew blres of the meibiellin resisiant
stramns are best explamed by a bi, diffcrence hetween the sensitinities
of the most resistant baclirum of the two nocult of paritlel tubes te

TABLF 1

of 100 of aurcus against Velheullin and of
Tlavol actersum memn,osepticum ayanst Various Antibrotics

Staphylococeus aurens

lococels . Flacobacterium
sensitne resistant mentngose; Licum
Tuwo rons of tubes with
the same end point 31 N 26
adilference of 1 tulie y 30 55
a dillerence of 2 tubes Y s} 5}
1 ) 314
\umber of tests w =802 01 E=3ttt=1
Som<rcoon, 700005
Average differeace % =00 B cosn RN
b 1
Mean ratio of the ! a
sensitivities of the mast
resistant bacterium 1 14 t
in the two parallel tubes

Fach £0d joint was determined by two par liel rows of tubes containin tw  foll
dilutions of antibiotic in fnfusion broth Inoculum 1039 bacteria per tube
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by a pronotnced heterogenens of the senutnaly of e sndidual bae

lertt
The standard destation of 1050 10 rep cated expenments with eleven stratns was
foutd to bt sp=085Jog [=11 {sp =090} The 95 per cent level will permt &
saristion belwcen two determinations of the same stram of 22¢3 sy = 31 Jog
This standard desiats sn mas therefore aecount for the varraticn of 1 18 1050 between
10 and 3510 I'ig 1 but nat beyond these Jumts
If the two paralled raws of tubes used lu each sensstaats test are regarded as
ey eated determinations within the same experiment (Table 1) the varance wathin
Bdexd

the experiment s found to be sg?= -
IXI0

=036 and the variance of the aserage

of two rows 1s 018 lag

Obscrimlions i Palunis

Ehe oroat diffscnbises i the anbilyohie troatment of patients wath b
termemt due {o methicidlin ressstant staphslococer wre demonsirated
m Fig 2 (patient 1}

Patrent 1 2 41 vear old maje was opevated wipon an the 10th of Februar after
a perforation of the cojon shagnesis ulcercus calitts He was re oy erated on the
20th of March for blecdmg durdenst plrr He eventually rectrveved from the
staphs focaccal bacteraemia diring treatment wsth cophalcredine

It was therefore hoped that big deses of methieithn wauld prove effivent agan t
snfectians due to methneilbn Tesistant staphslococer

Patient 2 an 84 vear old Female woas operated upon on the 12tk of Mav ¢
gangrencus appeadicttts The stap bvlscoccal foeus nas oot hagnosed pus 5 m the
s eritanewm dud not contun Stag hylococews aureut but the frens may bave b ca 1o
the Jungs Tresiment wath methsesilin spg wwently reduced the bacteraemua (Fig 3)
but aftes three necks of methieithin & few stap vlococer condd stall be ssolated frem
the hlood and these were 24 times as resistant u  the ones first wolated [Fhe

jaticnt died

@y
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Fig 3
Patient 2

o
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Fig 4
Tatient 3

In the treatment of the next patients nos 3 and § are therefore relied on the
cxperiences gained 10 the case of patient 1 and the treatment was van omycin
folloned by methicill n

Fatient 3 a 50 year old male with chrontc bronchitis and pneumonia 11w
cured bactericlogically and clinicall  (Fig 4)

Patient 4 a 14 year old male with ulcerous endycarditis who diel A t
davs of vancomyein {he ntensity of the b cteraemia was reduced 3 imy # ns 1
and 3 the reduction being evident in that half of the tubes inoculated th | o d
did not give growth of Stephnlococcus aureus

Population Analysis

Struns of Staphglococcus anreus 1solated from the blood ¢ t

nt 2
before and during treatment with methiallin (Fig 3) v trid
wunst methicillin: Fig o shows that all baeteria were resist 11 e

3 acTarvTit 74 3
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Population analvsis of methyilhn sensita ity af Staphylococcus qureys (Patient 2
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Fig &
Population anahisis af penreithin sensitinily of Saphylococcus aurens (Patsent 2

pe/mi before treatment with methicdin (stramn 37 593) and the mago
ity were sensitine o 2 (32) pg/ml More ressstant bacters had 2 fre
quency of ¢ 10* Dunng treatment with methicitin the frequency of
by resistant bacteria ncreased (stram 38 862)

Fig 6 shows the hgh grade snoculum effeet of tins pemaatimase pro
dueing staphilocotens before treatmeni with methueshin {stran 87 293)
During treatment with methieithn the stran (38 862) became donu
nated by bactcrrt with a high resistance fo penieilhn (>2%8) ug/mi)
pul with no wovudam effect In Fig 7 analysis agunst penicithn of
pemubinase negative varnnts of the twe strasms reveals curses analo
gous to those obtancd with metuaitha (Fig 5/

Strains wsolated from the blood of patient 1 before {strun 34 634)
and dutmg (stran 35 962) treatment with penettin (Fig 2) were
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Population analvsis of 11 ity m negative strains of
Staphylococeus aitreus (Patient 2}
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Fig 8
Population analvsis of pemaillin sensitnaty of Staphplococcus aureas (I atient 1)

tned sganst p*meithin T1,, 8 shows that most of the cells of these two
strams were more resistant to penictlhin than those of the methicilin
sensilive control struns 20 157 and 1529/67 and that treatment with
permseitlin hew hiened the moculum effeel Analysis with methiallin re
vcaled curves congruous to those obtamed with struns 37 593 and
38 862 from patient 2 (Fig 5 and Table 2)

Table 2 shows the results of populalion analysis of methicillin sen
sisaity in Staphylococenus aurens 1solaled from patients 1 3 and
before and during treatment with vancomyemn This treatment of the
patients did nol make the staphylococer mote susceptible to methieilim
and those of pattent 1 who had pemiciilin at the same bume 13 ¢+ nceo
miein hecame more resistant to methicillin

5
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TABIE 2
Population Analysis of Methicithn Sensitunty
'y in Six Stratns of Staphylocoe
Isolated [rom the Rlood of Three Patients before and during Trtalmrn;’ 151[’;:01 ;::a::;::‘:

Patrent 1 3 4
Strain no 33635 35967
Number of hacteria 3000/67 4154767 6320/67 6201767
per 01 ml 135X10a 159X 10 6.
D stan to 196102 150X 10 PB2X108 100108
2 ug/m 88x10¢ B1xX10s  303x1D% 49X108 135,

X108 DX IDe
4 wglml 2x10¢ {ax16s 100X 104 41X10 83K 104 34X 10s
79 ug/ml TIX10 15410 574104 20430¢  600X104 25X 108
15 7 yg/ml 10Xx10 180104 19X 10 44100 5X10+ 598%10¢
313 yg/mi 36«10 75X 104 58X 104 22X 104 3/x10 2X 1
825 yug/ml 1810 12X 104 Ix104 151X10 3IXIB 1t4xie
125 pg/ml 20x10 n2txie 90X 10 41X 10 14x10 20X10
250 g, /ml 260 3010 248 222 146 21
500 gg/ml 128 260 152 12 76 78
Irequency of bacterse
ressstaat toe > 157 4g
per ml 03X10+« 47XI04 30X101 15X104 DIXIDS SpxX1Ds
Lad pant with fube
dilution method in broth
log 1000 (Pihs) 5 15 10 ea 20 10
log IC5D {48hs ) 1D 3 48 85 45 3
1 broth contaiung
75 percent NaCl
fog SC50(2¢hs) 45 15 55 45 15 42
log 1050 (48hs ) 55 35 85 65 65 60

DISLLSEHI0N

Sensitavits tests of the methrallin reastant staphviococer (Taible 1}
hase shown the great variabihiy of the end pomis in companison o
those of the methiaillin sensttine strains under condibions where ths
could not be due to different sizes of the mocula This sanabiats
thercfore best expluned by a lugh frequency of hughly resistant mutants
{Welsch 1949 Sclhigmann 1906) Populalion analysis (Tible 2 and
Fig 5) mdwated the same frequency of 10~ as Sehgmann suggested
Alethieifhin treatment wn pwo resulted m the selection of a stabic
vamant {(mulant) highly resistant to methicillin and with an inoculum
ndependent resistance to penmithin (Fig 5 and 6) This 1s a prrallel to
Seligmann < experimicats it vetre wnd ta Chabberl s {1967) experunces
obtaned i pwo and it warms agmnst methict!lm as the sole drug
1n the trextment of mfechions due to methuellin renstant staphs lococes
After treatment wih vancomyain which perhaps reduced the number
of hactena in the bloed lo about one per m! te about 10¢ 1 the total
extracelinlar volume of flmd the frequency w2 wiro of I,hlv resistant

f the
2 was unaltered (Table 2) Thus a,ain fits the hy pothests ol
ity ghiv resistnt \ariants But i addition the

tional orsgin of the hy
e o shiy restsiant to methiclim m the blaod of

small number of bacten hy;
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patients wilh low grade bacteraemia could explain the possible effect
of cephaloridine 11 patrent 1 and of methicillin in patient 3 when oiven
after a cotrse of vancomycin This suzgests the use first of an anh
biotic which can reduce the nlensity of the bacleraemia such as vanco
msein or hanamyein and then after 4-6 days the addition of 1 methn
oillm like drug may give the effect known from the methicillin sensitive
stramns Here one of the cephalosporins mav he chosen on account of
{heir greater effect per weight umt

The last rows m Table 2 show log ICa0 of the same strams in the
tube dilution test The end points were an average of 3 log higher read
after 48 hs when broth with 75 per cent sodwum chloride was used
Thus 1s consistent with the vesults obtaned by Chabbert & Pillet (1967)
and even if these results corresponding to an osmotic pressure of more
than eight times that of blood are not relevant as regards the effect of
methicillin on staphylococer 1n the carculating blood they may well be
s0 as regards the effect i the forus Patient 1 who was repeatedly
op~rated upon and thercbv had abscessi it the abdomen removed re
covered Patient 3 who had only pulmonary foer was bacteriologealis
cured but patient 4 with the endocardial focus died Ub: pus 1bt evacut
1s more relevant than ever with the infections due to the methiaihn
resistant staphslococer

Findings 1n patient 1 (Fig 8 and Table 2) and patient 2 (Figs 5
and 6) have shown that the methieillin resistant strains of Staphylo
coccus aureus are favoured not onlv by the abhilils to produce pemicitiin
ase as are other pemeillin resistant staphsylococer hut also by the aln
lilv to throw variants (mutants) with a high mmoculum independent
resistance to penseillin (Figs 6 and 7) 200-1000 fimes that of a pem
cillin sensitine strain and at the same time highls resistant to meth:
allin (Fig 5) This i addition to the mmsensibinity of the methseilhn
resistant staphiylococar to erithromyemn and most often to chloramphe
nicol may explun why thes have taken over the place as dormnants
from the strain restslant onls to pemcillin streplomyein and tetracschn
(Sthomt & Digmann Poulsen 1968) And as penictllin has been used far
more than chloramphenicol erythromyvein and methicilin the use of
pentetlin man have been the most important seleetine fotee

SUMMVARY

The shew blres obtamed m tub  dilution tesls of the methicilln <en
sitinaty of methicithin resystant stapbslococer demonstrated the hetero
geneily of the populalion and are in accordance with the high step
mutation hypothesis

Treatment with methieddim of 4 patient with bacteraerma due to 2
melhictllin ressstant Staphylococeus aureus resulted 1n the sclection of
2 slable vanant with ligh resistance to methicilhn and an neulam
mdependunl resistance lo peniaillin In another ca<e treatm nt with
pentetllin seemed to nduce peniaillinase production
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This warns agamst pemicillin and methieillin as the sole drugs in
the treatment of bacteriemia with methieilhn resistant staphylocoeer
and 1t points to both pemeillin and methiallin as forees 1n the selection
of the methieilhin resistant struns of Staphylococeus aureus

If the staphylococeal populalion 1s alreads reduced through the
trentment with other drugs the number of hithly resistant vanants
m the blood will be small and drugs with methieillin tike effect mas
be beneficinl This mav he the background of cure m {wo cases de
senbed
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BACTERIAL COUNTS IN URINE
1 The Reliabulily of the Loop Techruque

By

J Hatery O STROM and B OSTERyoLD
Recened 911 68

Determination of the number of baclerin in urine 1s a widely accepted
method of dishingwished contamination from true bacteruna and 1s
therefore a useful procedure 1n the dingnoss and treatment of urinary
tract fections (2 4 §)

Bactenial counting was originally performed by the classic dilution
pour plate technique or modifications of this method These procedures
are however time consunung and expensne and therefore not con
venient for clinmcal and eprdenuological use

In 1960 Hoeprich deseribed a more simple rapid method for quan
utative urine culture (1) By means of standard volume calibrated
bacteriological loops streak plate cultures were prepared by direet
noculation from the urine spectmen There 1s however no general
agreement about the rehablity of this method

The prescnt work deals with the volume and the varation 1n vol
ume of umne transferred to the media by such calibrated loops and

concerns especilly the influence on the transferred volumes of the
technique used

MATERIALIS A\D METHODS

Lonne Py saodogncal arimes of dofferemd specific seghls fspees ] were ased Tife
pec™  was determined ! urometer One sample (1) was made radioactive by
adding a solution of Mercury21 Neohydrin (MKNE) (Institult for Atomenergr hjel
ler Norway) Another sample (B) of 1/10 radioacts ity streagth of the former
sample was prepared by dilution (w/w) Two ba teriolcgical laops were used They
A ere manufactured by h A Rasmussen Hamar Narway fram Pt and 10 per cent
Ir on the specifications given by Hoeprich (1) to deliver 001 and 0001 m! urine
respectively to the culture plates by the streaking technlque recommended (3)

1ip tte A seral gical pipette (Silberbrand) of 1 ml (Graded 1/100) was used

Dushes 1lam Petef plastic dishes diameter 5% mm and depth 7 mm  which all
contamed an cqual amount of agar forming a 3 mm thich laver Lrine was trans
ferred to several series of dishes by the pipette or bv the loops

Transfer of urtne Lrine subsamplcs were obtaned by fmmersing the loop n the
urine sample cither approximatel horizontally (H) using it as a b ler or by
@lpping the Toop verticallr (V) into the urine The subsamples were transfcer 4 and
spread on the agar by the streaking technique (3) Subsamples transferred b the
Pipetle were spread on the agar by roching the dishes gentlv
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W eighing nf t1rine The wesght of the arine volumes delss ered
determined gravimetneally by Vettler seales (1 dunv :COI mg’)" l;l;‘eﬂpl:mi:,a;;
woghing of the same volume the measurement error of the weighlag procedure
axprassed as the coefficient of vamation (CV w ) was caleulated

Measurement pf redwachorty The gamma actisty (radiacteity) of the urine
teansferred to each Petri dish was recorded by means of a thallum actiated sodsum
fodide crastal 3 X 2 m connected to a pulse hesght analvser and scaler The scin
tillation cristal and the probe were provided with an sll rovnd Jead shielding of
2 em thict ness The windan settangs far the gamma ray energy was *f0-310 hey
‘The bachground rate was at the averace 50 cotnts/min The dish was placed ron
sentric on the tap of the crystal The actinity (connts/man ) was taken as a measure
for the amount of urine transferred

After countiag the setaely af ane dish from cach series of dishes 10 imes the

error of the g rate pressed as lhe 11 of variation

{CVer) was determined In order to wclude the error whneh might result from
minor differences i the position of the dish in the well the dish was removed
from the nell hetueen ecach of the countings

Statistics The mean standard deviation (SD ) and coeffictent of varfation (CV)
were ealewlated by the commaniy used wmethods The diiference of means was
ealenlated by the t test A 5 per cent (Do) level of sgarficance was used

RFESUITS
a Reference Activity

‘The measurement of the volumes transferred by the loops was based
on companson of the radioacinaly of loop transferred urine with 1
reference tetnity representing a hnown nrine solitme The reference
actinity was determuned by the following method

By 1 tenfold rephication ¢ 10 mi unne of spee » 1003 (sample B)
was dehnered by the 10 pipetic and weighed The weights were dirceth
comverfed inte volumes and the mean \olume delnered was found to
be 10521 m1 with a €V of 193 per cent This CV 15 tahen as the
¢\ for the prpetting error of the solume transferred {CV v ) as the
€\ w was found to be neghgible {0 00057 per cent)

By the same pipette 0 10 3 {mean volume = 0 11521 mi) urnne of
the same sample {B} was transferred to each of 20 Petni dishes The
radioactivity of the urme subsamples was deternuned The mun
acbysty of the subsamples was used as a reference siandard The €V
for these determmations was 135 per cent This €V includes the
combned effects of the varittion in the volume defivered {(CV 3
199 per ecnt) and of the measurement error of the counnting rie
(CV cr = 036 per cent} nnd n addition probabhy an effect of some
« srtatien due to differcnices tm thichness of dishes and media The €V
olstuned 1s thherefore an expression of the tolal varmtion i the whnaty
(€Vt) of the volumes transferred to the dishes

The determination of urine volumes v measurement of radisaciisaty
1gher €Y t than €V and 15 thus encumbered

an the weight method The errors are however

tant m 1l measure
relatmely small and probably approuimately cons|
sments of radwactivats The €V E should therefore gue a relatnvely

gocd expression of the vartation g transferred volume

Lines o somewhat hi
with more errors th
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b The Influence of \ artous Transferring Techmques

After immersing the loop homizoniallv (H) er vertically (V) n urine
of speew 1003 {sample A} subsamples were transferred by both the
001 and 0001 ml loops to four serics of Petri dishes The mem vol
umes iransferred by the loops wer caleulated by comparing the mean
radioactinty of each of the four serics to the refurence slandard made
for this nnne (Trble 1)

TABLE 1
The Mean Ratwoactasty the Standard Devtation (SI) and the Coeffreient of
Vartatten (CV t) for the Actitly of Dishes of Urtne in Different Sertes The Wean
Urine Volume Transferred to Dishes by Pupetle 13 Cal ulated by Werght Resulls
the Vean Yolume Transferred by Inops by Measurement of Radioactsiaty

Radio-

Mean
Toopt activaty 3y 1ol
Calibrated et Mol Chumter emmtst GV Gl s
vol  ml mque Gishes L o 7 4 ferred
(mean) l
Loop §001 Ho 19 40m 2201 541 098 060713
T 2450 1332 s 17 000127
Loop 001 Hoo20 10497 53140 1312 0% 00209
V20 19718 29790 1524 B78 00099
Pipette 010 29 20284 8% 8 13 036 0105 1

§ Hand\ The urine specimen oblained hv immersing the Joop in the urine sample
horszontall (H) and verticalls (V) respectively
cr Coefhcient of variation for the counting rate

The results show that the volume transferred by the Toop to the dish
1s delermyned by the techmque used Thes show moreover that when
the urine 1s obluned by holding the Joop serbically the solume trans
ferred closely approuimates the cahibrated volume for each loop Hold
g the loop horZontally gives i volume almost twace s great s th
cahibrated volume The use of the lalter techmique necessitates the
mtroduchion of 1 correction factor Irrespective of the techmique used
{he €\ t 15 approximatels the same The vanation m Lransferred vol
ume should therefare also be about the same The tamation n the
volume transferred by the smallest oop 1s approuumately equ il to that

m pipelie transfer the variation in those transferred by the targest loop
huing considerably greater

© The Influence of Differences wn the Spec W of Urine

The inllucnce on the transferred volumes of differences 1n the
speew of the unme was recorded Unine of speew 1003 and of spec w
1023 was used 1 reference slandard bang made of both Py b th
techniques of oblaiming the urime (H and V) a loop full of © e 1 1
transferred by both Joops 1o series of Petrt dishes The mean 1alum s
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transferred were ealeulated as deseribed earbier the res

ulls boing gnen
m Table 2 The results show tht there 15 hitle difference befwecn the
transferred volumes of urine of speew 1003 and 1023 and that the
difference between the mean solumes 1s not stgmiftcant

TABLE 2
The Mean Volumes of Utine with Mifferent Specific 3 eghis Transferred to
sk,
by Tonrs Using Infferent Techniques The Results ire Based on l;\e ,J’Irnn H:h;‘
aclicilyy of Several Series of Dishes See Table [

. al}f;’n‘;(_ " tnine Laap o o ;ro"““(‘;‘"::‘; cyvt
e

volzml spee % techarque  dishes s L
001 1003 H 19 000213 41
1923 i n a0071 671
1003 N > 000127 54"
973 1 i1 Qoo 872

a0 1003 H 20 00703 131
1073 " 13 e 1380
1009 3 20 0099 1594
1073 3 12 20109 4%

A The Influence of Wear and Tear of the I vops

The loops used for the experiments were three 3uars old and had
becn used daily for at feast one sear The resulls might therefore b
been wflnenced by some wear and tear of the leops Control mensuse
ments of the hght opemng of the loops and the diameter of the wires
usud for shinks and loops were therefore made by the mnuficturer
The measurments obtuned with 171000 mm accuraey did not deviate
17100 mm from those recorded 2t delivery or fram the measurements

of new loeps
DISCUSIION

Tor quantilatrie bacterinl counts m urine it 1s unportant to know the
exact vatumes of urme transferred to the media The loop techmaue
has been considered to be 2 erade method gising a greal sarntion s
yolumes fransferred and thus results of httle reliiniity

The volume transferred to the medit by loops s Iar more difficult
10 dc termine than the contents of the loops The woght methed ¥ 18 not
found to be feanible due to ~v steads evaporation from the medin lead
1, (o considerable inaceuraes wetght results The spectrophoto
metric method was sa found to be unsmlhie

As the prescnt resulls show the chosen method 1s 1lso encumbered
with some errors and s thos not wdeal Howeer the present method

tolume of urme irans
2n exae! delermunation of the mean
perms 1 volumes s however

ferred by oops The varrdlion transferret
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ifficult to determme exactly by thns method The best obtamed ex
pression for the varation w volume 1s the €V t which 1s 10 expres
ston for the variation m radioactivily The real varalion n velume 1s
no doubt somewhat lower than that expressed by the €Vt yalues
presented  Thus the CV v was 193 per cent by use of mipelte the
corresponding CV t heing 45 per cent Nesertheless the method gises
valuable information about the reltibility of the loop techmque for the
determination of the number of bacteria in urine

The prescnt findings show that the technique used 1 obtaiming utme
by 1 loop deternunes the solumes transferred It 1s therefore important
to know for which techmque the loop 1s ealibrated and which techm
que 1s used mn cxperiments where loops are emploved This fact does
not seem to hate been considered 1n the earlier deseription of the Joop
techmque (1} As the techmque scems to be critieal for the volumes
transferred by the loop there will probably be a certain diffcrence in
volume related to the indmidual techmques emploved by different
techmeians These differences have not been exarmned in ths study s
alt the work was done by one experienced technician Furthermore the
volumes transferred may to a certain dearee depend on the physical
properties of the media used It ss therefore recommended that bactemal
counts made by the loop techmque should be performed by one tech
nie1in 1 each laboratory and that the volumes transferred should he
deternuined for the loaps and the media used If ths is done as i the
present work the bacterial counts may be corrected to the real volume
of urine transferred Furthermore the saration in delivered volume
will be relatively small especially the vanation 1n that transferred by
the smnllest (0001 mi) loop It 1s this Joop thal 1s most importaolt 1n
separation of contamination from true bacteriuna

In addilion there 1s a possihality that wear and tear of the loops may
change the volumes transferrcd Although the loops used for these ex
periments had not chan.ed after being used for 3 years such a poss:
bilits still ewists and the calibration <hould therefore be repeated from
time to time

Another obgeclion fo the nse of 2 Joop technigue has heen $hat the
volumes transferred may vary with the viscosity and the spec w of the
urine In {he present studs (he viscosiiy of the urimes was not deter
mined but there w1 no si,mfteint differcnces in transferred volume
of urine when urmes of diffcrent speeific weights were used

The present expeniments show that with lhe recommendations pre
sented lhe loop method for quanhtalne unne cullure 1s sufficiently
aceurate for ehinteal and eprdemiolo,ical use

SLMMARY

The present work deals with the rehabihty of quanltative unine ul
ture by the loop melhod of Hoeprich Urines of various spearfir v erghis
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participants (b9 per ceal) Toludhy Salmonelia hicterta were ssofated
from 13 per cent of the tounsts concernad 1 this study As this fionre
was oblamed from roups of {r neflers amon. whom af feast 1 cse of
Salmonelle infection vwas known to hanve ocenrred 1t does not impls
thal 13 per cent of all tourssts rclurnin, from non semdin v n coun
tries are carriers of Salmanella On the other hand the proballity of
1solatin, Salmonella from the spcetmens was roduced by the cirenm
stance th1l they were fahen on i dvere 3 4 weeks after the trasel
Jers returned 1o Sseden As would be expected 2 Ingher proportion of
posiine cultures was obtained Irom specimens coliected soon aficr the
return The maanitude of thus reduction may be caleulled from I'g 3
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shossng the duration of the earreer state in 466 clinieal cases of S fyp
murmm wiection n Va,guxd Sweden 1962 (4) The enrve indicates
thit wpproumately 14 of the ¢ias had ceased to excrele bactera 3
wechs aftes the onsct of diness md after 4 weeks neards half of the
number were negaliie

1n the m1jonty of £ises only one specimen from cach founst was
oomned Judging from mvesbizations made durin, the Vaggersd out
break thns method of svmphng meant thal approumately 15 per cent
wscaped diagnosis

TABLT t
Ineulence of Solmonellosis in Travetlers Party ipating tn Conducted Tours

amber of

Contrs Number of SNumberof travellers Lot o™

taurs travellers  rerehng  FORM O
Saimonella  SRTES

Haly g 2362 229 1

Span Wallorea

Canary Istand 1 865 + ]

G ecxe 8 54 1 13

owmants 8 3% 5 “

Jugols fa " e 13 1

1 redd 1 81 3 5

{ ermany 1 23 1 2

Sustna 1 30 t 3

germmany Smatzerland

aly ] 4 R

Nctherfands Paris ¢ i ®

Afosel 3 ) 5 o

Totat 7 458 503 1
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Fig 8

Lenpth of tnfectious period (Caleulated from 466 chinical ases of S typhi murium
infectron in Vaggeryd 1962 Nystrom G ¢ Broholm h A )

The frequency of Silmonelin earrier state 1 Swedes whe have not
heen abroad recently 1s not known but we hse reason to hehiese that
1t1s low In alar,c Swedish tood industry with 1100 emplovees cultures
tor Salmonella were carried out 1-3 times evers ver During 1960 1967
a total of 20 000 cultures were made and only 1n 9 ¢1ses was Salmonc i
1solated T'ne of these had most probably contracted the infechion
abrewd while 8 nere discorered m conneclion with local oulhr ths
Onlv 1 carrier was foumed in whom the infeetion was of unhnown

argmn (1 3)

Stiely 2

During 1963 the totn! number of reported Saftnonelia ¢ 1ses was 1 344
In 1247 of these cwes epdemiological nformation was obtuned
through questionnaures sent to the patients and from notific1hion forms
Landly made wulable by the County Officers of Public Health In
63 per cent of the cases the infeclion was consulercd to hme been con
tracted broad (Fi 4} This sronp mmcluded ol pireats swho had been
Wl with g3stro intestinal symploms durin, therr stay abrond nd who

were found to excrcte Salmonella baclerin after they hnd returned home
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g ntechion cortracled abroad

&) reporied Swedsn oulbreaks

<) sporatic domeshic €ases

Fip 5
Onig 1 of Saimonella infections in Swe den 1363 1334 bacteriologieally confirmed cases

3t 9o inchwled paticnts who had not been DY bul were found ‘o exercle
Satmonelia in speeimens collected wilhin 2 month after thew rcturn
21 per cent of the rises were connecled with Anown outhrcahs wittun
Sweden while the ranamun, 16 per evnt were sporadic eases Some of
the latter muy have heen secondary to wmported cascs afthough m
mam of them the orioin was obseure The hugh rel e proportion of
mportcd ckses (6o per cent) was mfluenced by the fack that only fen
major outbrevks of siimonellows peensted wm Sweden m 1963 The
results may also have been mflnenced by the search for Salmanetla
earriers duseribed in Studs 1

Table 2 slinstraies the number of Swedish tounsts visiing diffe
rcnt countries and the number of eases reported to b mfecied with
Salmonella after visits 1o these countries Information about the num
ber of visitors ks heen obtamed from the tourists ageneies of the coun
tries concerned The lable gnes a rough idea of the countires mn which
Salmoneiia infcehions have been contracted 1t does not pormit am con
stusions about the risk of contracting "n mfechion m amy parhcalar
coimtiry as this rtsk mas be inftuenced by several other conditions such
s the length of the sojourn standard of accommodalion selection of
fooi stulfs cte

During 1963 8o dulferent Salmonella sero \vpes were tsolated Some
al the sero fipes found m tounsis were vers nncommon i Sweden
113 5) Thus 148 cases of § hatfa mfechion were reporte@ m 1963
Onlh three of these had contracted thew mfection 1n Sweden whereas

€ actatarnt 74 3
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\uob TABLE 2
u#mb r of Swedes Viaiting Certain Foregn Countries dqurin, 1963
the v
of Swedes Repocted fo be Infected with Salmonella after ‘xlls ta ':r'l‘r(lu ;Dou:?:(b::r

Country Number of Number of
sasitors persons wnfected

ﬁul'man) 1128 879 5

aly 371200 2,
Spain-allorea- °8
Canary Island 121 503 112
France 110 000 4
Austrig 87030 1
Swatzerland 2000 2
Fneland 57 000 3
Metherlands 16 000 10
Jugoslavia 27640 12
Greece 2448 12
Usa 13991 o
USSR 12770 1
Portugal €997 4
Iseael 1548 4
Roumania 3000 59

apan 2000 1
Turkev 1891 1
Hungaria 1500 0
Other countries number not 193

v aitable

Including travellers passing throtgh the countrs by atr tram ete

the remaming 145 cases were mfected while visiing a certain area 1n
Italy Sumlanly S abony was 1solated almest exclasnely from tourists
wisiting Roumania

DISCUSSION

It secms obvious from Lhis study that the increasing ineidence of Salmo

nelions mn Sweden as well as (he wereasing number of sero types found
Quring the last few years to a great exlent may be due to an increasing
ymportation of Salmenella This importation may increase considerably
the risk of a secondary spread sathin Sweden by means of food horne
nfections This nisk becomes greater and the consequence more 1m

portant as food handling becomes centralized to « greater extent There
s also a latent risk for family outbreshs especrally m families wilh
small children Experience has shown that children may he infected
by much smaller infecting doses than adults (2)

In addition to the epidemiologieal rishs attnched to the importation of
Salmonella the infections are a considerable nuwsance to the individaal
traveller He runs the msk of having his vacation tolally or parlly
gpoxled and m cerfun cases a Salmonella infechion also can e a strious

threal to Ins health
The problems connected with the control of Selmonella nfections
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n Sweden b ding to
sero types

are sery diffienlt A possible control measure would be that eversy
person concerned with food handling who has been abroad should
leave 2 faceal specimen for culture on s Telurn home Seieral big
abattoirs and other food handlin, enterprises in Sneden have lreads
started such conlrols on thewr own mihiative

Sinee certun hotels and poputar hohday resorts hmve heen found 1o
have endemie strans of Salmonella which infect the tourists 1n high
frequeney 1t 1s suggested that travellin, a. encies pay more attention lo
the ingcnie condibions 1n their choice of destinations and hotels Such
concern might influence the development towards n better food and
water hvpiene and safer accommodation for the tourists
The possitnlities of wiluenom, the incidence of Splmonella mfechion
5
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by means of saceination or drug prophylaxis will be discussed mn the
following paper
SUMMARY

During the last fuw vears the number of ¢ases of s:lmonellosts 1n Swe
den hns mcreased Epidemiologieal dala indieate that 63 per cent of the
cases reporled durn, 1963 had contrachid therr mnfection abroad In
some groups of travellers the mean frequency of silmonellosis was as
high as 13 per cent The risks involved i this importation are discussed
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SAI MONELLA INFECTION IN TOURISTS

2 Prophylaxis against Salmonell

By
L O Mexytzine ind O Rineentz
Recelved 24 fx 68

Part T of this series (14) showed that the increasing, number of Salmo
nelle infections acquired abroad constilutes an epidemiological problem
1t was urgent therefore 1o mveshigate the possibilities open to the travel
lers to protect themselses aganst such nfeclions during their sojourn
abroad Cxcept for general hygienic mensures two mmn types of pro
phylaws are used at present by Swedish tounists namely TAB vaceina
tion and the prophylactic use of halogenated oxyquinolines

The composition of the Swedish TAB vaccine 1s shown in Table 1

It 1s evident from the composition of the vaccine that it 1s primanly
wntended to protect agumnst § typh and S paratyplt mfections te the
more sertons types of Salmonella nfection Many other sero types of
Salmonella have anhigens it common with the vaceine while others
have not Latile 1s known about the relation hetween the serclogical
pattern and the protectnve effcct According to the composstion of the
vacune TAB vaceination could be expected howeser to protect agaimnst
nfection by only a hmited number of Salmonella sero types

Occasionally sarious drugs have been used to influence the compost
tion of the intestinal flora 1o order to avord intestinal infections Due to
2 general temperance in the use of antibiotics 1n Sweden and to the rish
of sade offoets Wrese drugs ave not used prophs fcticalls agatst nrbests
nal fections On the other hand halozenated oxvgmnohnes are com
monly used and generaily they can be obtained without a doctor s
preseriphion Frequently these drugs are advertised m the press and
recommended for prophylactic use a, mnst intestinal infections ( tour
st s diarrher Canary disease  summer discase  cte )

Several mvestigations of the aclnity of these compounds agamst
microoryanisms e vitro have been performed (4 6 18) Suchnvestia
trons hve been made 1n Sweden by Duding & Stromn 19,7 and Thors
son 1 1962 The latter found dibromoxyquinoline antibactersally more
active than dnodooxy quinohine Considerably hiher concentrations of
both drugs were required to snhibit growth of Salmonella than to 1
hibit a number of acrolie haetera normally found 1n the gut

The ralional grounds for the use of oxvqumolines prophylacticallsy
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TABLE 1
Composttion of the TAB Yaceine
Strain of Proportion Aotigen N
T
Salmanella % o U spec B spec

S typht 500 912 A3 d ~

§ paratypht B 220 WM 1s)12 - b 12

§ paratyphke 4 125 (13713 - a -~

S paratyphi € 67 A c 15

§ bovis morbtficans o 68 r 15

8 oramenburg s 7 - mt N

S newport 8 ch 192

wre somewhat obseure partly due to mcomplete information 1hout the
aefiology of many dinrrheal diseascs [he preceeding paper of this
series showed however that these discases m tounists were often cused
by Salmonetia

Only few investigations mto the prophylaclic effect of axsquinolines
have been published Hyllner & Hetnlard (7) stuched the effect of dibro
moxyfunohine 30 tounsts vsiing the Canary Islands and reparted
good prophyinctie effect (88 per cent morbidity i the freated group
and 60 9 per cent i the control group) This mvestigation weludes no
detailed study of the actiology of the infections but cultures of faecal
samples obtuned from some of the mdividunds 1n the contral group
showing gastro intestinal sy mptoms indieated that they were not caused
by Salmonelia or Shigelia

Lean and co workers (9 10 20) hate studied gastro micslmal infec
tions umong travellers to Mcevico Thev found no significant difference
between the prophylactic effects of 10dochloroxy quinoline and plicebo
Faceal specimens were taken and eultured bt neither Satmonella nor
Shugella bacteria were found and the wwthors sug.ested thit the nfec
ttons might have been of virat origin

MATERIAL AND MIFTHODS

During the penod June 6-October 20 1963 all reporfed cases of Salmonell sis m
Sweden were contacted If the natient was found to have tahen part in a conducted
tour to a country outside Scandinavia all other participants in the tour were ashod
o leave faccal speamens [his investigation included a totsl of $587 tourists
1835 of these belonging 10 travellng groups it which Safmonella morbidity v a<
high were chosen for an intersiew nvestigation Usually the grouns consmisted of
50-100 parhicipants who travelled by chartered {light {o the \feliterranican area
Accomodation and the mam meals were usualiy arranged 1n the same hatel

The toyrists were anterviencd through q and detailed
was recenved abont the tspe of seeomodation “hen-‘ meals were tahen sm,l s}:ccul
excursions as well as nboutf TAB‘ b 1 2 e e

ease date of npset duration

!“'Fn?::;ll:'r’;[:;; did nn’l 11 )';: the queshonnaire s well as those who did not
Yeave faecal specimens were excluded from the matcnial Amonsul‘l;v:-l r\l;r:mh:{'\u
1135 wdinduals ? 4 were found 1o exeseld Salmonetia Y actena Y el
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The specimens were collected on an average of 34 weeks after the trayeller returned
to Sweden and 63 different sero types were isolate] o cases of & typhi or &
paratypht infection were found

I oEder 1o study the effect of TAB vaceination and prophylactic use of oxvaui
nolines the material was dinided aceording to the following criteria

Vaceination

Camplete vaceination 3 injections in 1963 or
2 injections 1n 1973 or
1 booster in 1963

Incomplete vacenation 1ngection 1n 1963 or
1-3injections 1n 1962 or carlier

Notyacemated o injections

hylaxss by Veans of !}

Regular drug prophy laxi Regular consumptien of ovyquino

himes at least 1 the dose recom
mended by the manufacturer during
the time hefore illness or at least
during half part of the sojoura if
no symptoms nm‘cnrcd.

Insafficient dosage or consumption
during less than hall but more than
* of the sojourn

Drug consumption sporadicalls or
durimg less than 3 of the sojourn
Incomplele information shout do
sage or durabion

No consumption of oxyquinolines

Irregular drug § rophylaxis

Sporadic drug prophylaxs
+ Incomplete information

No drug proj hvlaxis

RFSLLTS

Table 2 iliustrales the ncidence of Salmonellosis in relation to the
measures of prophylaxis TADB vaccination did not seem lo nfluence
the merdence of Salmoneilosis However a siymfieantly hugher incidence
of Salmonella mfcction wis found among those who had taken drug
prophylaxis reqularly (285 per centl) than among those who did not
take 1ny such prophyiaxs (17 3 per cent) Thus trend w 1s found among,
vacemated as well as not vacemnated mdividunls

Table 3 1llusirates in the same way the ineidence of gastro entertlis
regardless of acliology No prophilaclic advantage of the TAB vacainy
tion was found but stmilar to the results described 1n Table 2 a hugher
ncidence of 1llness was recorded amone, those who had regularls tiken
drug, prophylaas (40 2 per cent) than amoeng those who did not take
my such prophviaxts (317 per cent) This difference was sigmific mt
m the whole matenal as well as in the group not vaccinaled Some of
these cases of pasiro enterihis however may have ben of an aetiology
other than Salmonelln Therefore the tneidence of symploms of gastro
enterilis i travellers from whom Salmonella was solated after their
return to Sweden 1s illustrited 1in Table 4 Here no siymificant diffe

fenece was found between those who hind taken dr
{161y 1nd (hose e Aua oot 421 = reoote ~an e prophaimas reqn
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TABLF 2
Propertion of Travellers Excreting Solmonelia after the \arous Prophylactie Treatmeni
Described 1n the Test

Ao Ioreeun Svarsdic
egular rregular rophy Jax
dry PrOPS Nodrug Total
prophvlssis  prophylasis Incomplete PFOPRylaxis
fnformation
Complete 18/169 19/92 17 317191
vacemation 285 215 167 e
Incomplete 6/20 2/11 27 9749 19/87
vaceination 30e7 8% 182 o18,
Not 19/67 19/104 2/36 66/37 106/579
vaceinated 2805 18 189, 183%
Totat 73/256 407207 5/60 1064617 20471195
2850 19305 83% 17305 1974
TABLE 3

Proportion of Travellers Showing Symptoms of Gastro Enteritis Regardless of Aetiology
Dustributed According to Prophyla tic Groups

Sporadic
Arug
prophylams
prophylaxis  prophlanis Incomplete
nformation
Gomplete 64/169 19/92 0/17 62/191 1457469
vaccination 38c, 21% 32¢7 3099
Incomplete 7/20 4/11 0/7 19/49 30/87
vaccination 35¢5 655 Eierd 34553
Not 32/67 29/104 0/36 113/372 174 579
vaceinated 484 289 30° 3014
1037256 57207 0760 194/612 349/1135
Total 02, 25 1% 3190 3075

the mcidence of symptoms was found to be sigmficantly lower 1n the
completely yacumated irnellers (545 per cent) than i the umvacel
nated (71 7 per cent) In 214 out of 224 cases (955 per cent) the Sal
monella strun 1solated had one or more antigens 11 common with the
‘accine
In Table 5 the Jence of S 1) m the s of diffi

rent tvpes of oxyquinolines s hsted The proups are howerer oo sm i
to allow conclustons concermng dfferences hetween the drngs How

ever i all groups the meidence of Salmoncllosis was higher among
trasellers taking regular drug prophyvivas thamin the group no dru,

prophylaxs
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TABLE 4

Imonella, D.sirTbxt=t
2 Symplomatic Cases among Travellers Excreting Sa
Propottion of Sump ‘According to Prophylactic Groups

Sporadic
Tegular Irregular "{l"l L Nod
prophylaxis o drg
Irug + prophylatis Tere
prophylamis  prophviavis o b
information
Complete 26748 10/19 o 18/31 “
vacemation 519 53¢ 5807 e
Incomplete /s 172 o2 8/9 12
vaceination 700 509 89% P
ot 15/19 12/19 o2 19766 %
vaceinated 99 637 74, S
45/73 23740 /5 75/106 157 oz
Total 616, 575¢ 7085 ©5 .
TABLE &

Incidence of Salmonellosis tn Tourtsts Using Chemoprophylaxis

of Different §) r var —
of Oxyquinohine

Regular Trregular
Drug rug TeAs
prophylaxis prophylaxs

Todochloroxy quinoline 19/70 19/120 LT
agor 16 2r,

Dibromorsquinoline 8/% 9/%3 A
40 % 39c hr

Chlorehinal lol am /16 e
27¢r 250/ .

Dibromosyquinghue 38/143 7738 rs

+ D trombenzoy i

oxyquinoline 21 18¢7 -

Ditodooxyquinaline N 072

Store than one deng 5110 178 -
50/ 13

Total 73/256 407207
285e, 19307

No prophytaxis - -
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DISCLYSTION

The tvpu of maierinl examuned composed of several sroups of Iravellers
with different aneidence of Sumonellosts kas many stabisticdd dis
2dv mtages that make it difficull to anterpret the differences found In
order to see whether the resulls could he due to a heterogeneils of the
auterial evclt group of (ravellers was studied separafily If for ex
ample the material mncluded 1 large group of travellers with 4 high
Salmonella morindity and manx members of the group had tahen drug
propinlaxis this might hmve mfluenced the results The chech resealed
no evidence that 1 helerogenetty as to the lme of sampln,, or use of
prophyiavis was responsible for the resulls The same trends as shown
1 Tables 2-5 were found mn most wroups mnchided 1n the material

The higher madence of Salmonellosis found i travellirs who hnd
tiken regular drug proph laxis durin, their visit \broad mas be due to
several factors

1 The usc of dru,, prophylavs may have mduced 1 fedhing of safety
thus mal ing the traveller less eareful than indniduaals who did not
f1ike drug prophylaxis Howeser this hipothesis 1s contradicted by the
fact that no simtar difference 1 merdence of Salmonellosis w s found
when vaccmated and not vaccinated tourssts were comparcd although
saepnation could be expected to give the same feeling of safety Qn the
other hand tgurists trking the trouble 1o usc prophslactic drugs mzht
he 2 more cautious ty pe of people who also would try fo averd mfections
mn other wavs for mstance by enrefully selecting food and drinh Fpde
mioloteal studies e repeateds resealed that different groups of
trasvcllers usiting the same hotel but on different occasions were 1n
fecied by the same sero tvpes of Salmonetia If the reason for ths smn
Iarty of wnfection were 2 presence of Salmonella carricrs amon,, the
Kitchen staff of the hotdd this wdieates that the travellers probibls
had limied posssinhities of protecting, themsehes ngunst ifections by
eareful chorce of food

2 The faecnl specimens tesied for Salmonella miero 6F,3NISMS WTC
cotlected on an aserawe of 3— weehs after the texeller s retarn Sweden
&t this time some of those who had becn mnfected with Salmoncilla
during therr visit abrod had probably alrcds ,ot nid of thew mice
ttons Dven 1l the diffcrent prophsitctic groups were mhaihy mfeeted
fo equal degrees results such as those piven 1n Table 2 could be ¢x
pected 1f the mdraduals who had 1aken drug prophsinas devdoped
carritr state more ¢ wily thw those who had not The Hi,ures honwaey 1
shawed the same trend m spraimens collected 12 3 or 3 wichs after
the {rnvellers return lo Swneden As the mudence of ehinteal gatra

nalysed tccording to the use of drug prophyviaus {Tabie 33

nteritis &
N emanstralion of Salmondila 1t can b

vard 10 the same wav v the d
assymed that the fusher proportion of positn e enltres found sn peopk
tnlang drug prophsixis was nat caused by 1 prolonsed carfies stite
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3 The hugher rate of Salmonell positine cultures mn the drug pro
phvlats group mmght have been due to an cather collection of the
faecal spectmens in this group The chech of the matenal excluded
ihis explanation

4 If the aroup Regular dru,, prophyiaxs ncluded a great number
of ehncal cases who starled their medication when the first svmptoms
appeared results ike those scen 1n Table 2 couid be expected Howerer
thus explination was excluded by the eritersa on which the group was
chosen and by the fact that most travdlers m this group took ther
drig prophylaxis dunng the whele pined \broad

5 To evaluate the importance of the fact that 560 of the travellers
from whom specimens had been coliected did not return their question
natres some caleulalions hase been made I all the 560 trasellers
wtong whom 115 were found to be infected with Salmonella were in
cluded in the group Regular dru, prophylaxis  the diffcrence bilween
this group and the group Mo drug prophilaxis was shil sigmificant
[he same resulls was obtamed 1f a3} the 560 travellers were wclnded
m the group \o drug prophyiras

1t seems rather unlikely that any of the ohjections given above could
cxplam the resulls obtamed i this mvestigation The resulls mav
therefore reflect an actual merease of the rish of contracting a Salmo
nelfa mfection by the regul ir use of drug prophslaxis with oxyvquinehine
dernatives

The group Sporidic drug prophyvlrus + Incomplele information
exhibited 4 Tow incidence of Salmonellosis and 1 low number of truvet
loes wath symptoms of gastro enteritis The group was however some
what heleroenous and many of the travellers i this group had given
mecemplefe mformation about their consumption of drugs Therefore
they maj also have ginven an information about therr symptoms thal
w1 fess complete than the nformation obtaimed from other traseliers
Another possible explanation 1s the stimulation of the intestinal micro
florn by subwmhibitory doses of Lhe drugs This however rcquires
further inveshigabions

Midler et al (13) and fegnell (12) demonstrited that prophviiclic
treatment with streptomyein incrensed the suseeplibslity of mice about
100600 Limes to 4 streptomyein resistant strain of S entertiudis The
‘l‘:‘:::r;“s:i::\i?::s\‘:,:hf ;nt;z:lcunfconm be restored by feedin,, the mict

of faeces Miller ef al also stited that
this effeet was due to ccrlain types of mucro orpanism in the intesline
“ormal resistance could not be reslored onlv by the nerolne bacterin
normalh found in the micstine of the amimals Some straimns of Bac
teroules were found to produce a substance having - bacteriostatic and
ik concentrations 1 baclcriocidic effect on Salmonella

Lsin, the sume techniques as Vegnell & Viller we have demonstraled

13 exsquinoline dernatives also
1nn1ficaintly mercase the susceptr
by of muce to Salmonelia mﬁchon: {1 e
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The tr vitro tests wall oxvquinoline dertsatives referred to earlicr i
tins paper showed that some sirams of the normal intestinal flora arc
inhibited At concentration levels 1t which most Salmonella strans are
not It therefore seems reasonable to hehieve that a mechanism of the
same type as the one suggcsted by Medler £ Meynell could be responsible
for the effects of oxyquinolines found m the toursts

In the w vilro tests carried out by us (15) 100 out of 101 differcnt
Salmonetla strans were found to be more resistant to oxyquinolies than
the majonty of the acrobic bacteria normally found n the gut

As shown in Table 2 vaccination ayamnst typhord—p wratyphoid did
not chanyge the frequency of Salmoneila mfections The hgures anen
in Table 4 however indrcate that TAB sacanition may have reduced
the proportion of cascs showing symptoms of such nfection

The same table tlustrates that drug prophylaus if nsed by travellers
who became mfected with Salmonella did not seem to chanae the fre
quency of cases showing symploms It 1s probable thercfore that drug
prophylaxis made it easier for Salmonella bacteria to establish them
selves e the sut without atlecling the frequency of symploms ence the
nfechion was established

In s imesti,ation no attemps were made to study the ther peubie
effect of halogenated oxyquinohines or to deal with their prophy!iche
effect agunst mntestinal infections other than Salmonellosts The resuits
suggest however that even if these compounds might be valuable i
connection with mtestinal infections of other origin they sheuld not be
used for praphslactic purposes ir cases were Salmoncllt infections
conld be expected

SUMYARY

Lonrists visthing subtropicl hohidry resorts are often cxposed to Sil
monclla nfections The effcet of two commonly used prophylactic
measures TAR vacanation and chemoprophylaxis with haloenated
asyquinolines has been studied in 1 135 Swedish tounsts visiing Mo
ferrancan countries 224 of thesr were found to exerete Salmonetla bac
ter1a Mo struns of § fyphtor § parafypht were 150lated TAB vacana
tion was not found to have any effcet on the mcidence of Stlmoncllows
but 1t scemed to reduce the number of cases showing chnreal sy mptoms
Travellers who regularly used oyvqmmohnes prophy tnetinlly showed
a sigmificant]s higher ineidence of Salmonetla infections (23 9 per cny)
thn sshose who did not take drug prophyvivos {17 3 pes cunt) The
possibilitics that this incrense might be due to a disturbnce of the
normal testinal microflorn 1s discussed
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The 1 pitro tests wath oxvquinoline dernatives referred to carlier m
this paper showed that some strains of the normal intestinal flora are
mhibited at concentration levels at which most Salmonella strains are
not It therefore seems reasonable to behieve that a mechamism of the
same type as the one suggested by Miller & Veynell could he responsible
for the effects of oxyquinohnes found 1 the tonmnsts

In the wn vitro tests carried put by us (15) 100 out of 101 different
Salmonella struns were found to be more ressstant to oxyqmnohes than
the majonty of the aerobic bacteria normally found in the gut

As shown in T1ble 2 vacemation agunst ty phoid—paratyphoid did
nof change the frequeney of Salmonella infections The figures given
m Table 4 however indicate that TAB vacanation may have reduced
the proportion of cases showing symptoms of such nfechion

The same table 1llustrates that drug prophvlavs f used by travellers
who hecame mfected with Salmonelln did not seem to change the fre
quency of cases showing symptoms It 1s probable therefore that drug
prophylaxis made it easier for Salmonella bactenia to establish them
selves 1n the gut without affecting the frequencs of symptoms once the
mfection was estabhshed

In this imvestigation no attemps were made ta study the theripeutic
effect of halogenated oxvquinolings or to deal with their prophilachic
effect agamnst intestinal infections other than Salmonellosis The results
suggest however that cven if these compounds might be valuable in
connection with inteshinal infections of other origin they should not be
used for prophylactic purposes 1in cases were Salmonelln mfechions
could be expected

SUMMARY

Tounsis usiing subtropic! holiday resorts are often exposed to Sl
monelln infections The cffect of two commonly used prophylacte
measures TAB vacanation and chemoprophyvlaus with hatogenited
oxyquinolines has been studied 1n 1 135 Swedish tounists visiting Medi
terrancan countries 221 of these were found to excrete Salmonella bac
terin \o strains of § {yphior § paratyphn weresofated TAB vawina
f1on was not found to hae anv effect on the ncidence of Salmonellosis
but it seemed to reduce the number of cases showipg chmeal sy mploms
Travellers who regularly used oxyquinohnes prophylacticaily showed
a sigmificantls higher maidence of Salmeonella mfections (28 5 per ecnt)
than whose who did not take drug prophylaxis (17 3 per cent) The
possibilihies that this increase might be due to a disturbance of the
normal mntestin il micraflora 1s discussed
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MATERIALS AND AFTHODS

In order to study the susceptibilits of some bacterial strains to IC and DB in vitro
the folloning techmique was used As both IC and DR are paarly soluble 1 water
and most solvents suspensions were made of {00 mg of IC and DB i 20ml of
saline salution with 10 per cent Tween 80 Serial dilutions of the suspension were
thoroughly mixed with agar broth at 50 ¢ and plates contaming 10 01 601
0005 00025 and 0001 mg/ml of IC and DB were made

One drop from a Pasteur pipette of a 4 hour broth culture of each strain was
placed on the surface of the plates Usually 8 stralns were inoculated on the same
plate and two parallel tests contaming the same strains were carried out Fach
strain was alsa put on a control plate containing no oxyquinoline

Stras of B profeus Str faccahis B subtilis E colt Ps pyocyanea and Coli
forms 1solated from facces of Tace or human subjects as well as strams of other
origin were used All Shigelle strains and most of the Salmonella strains were
i olated from humon faeces 36 different sero tvpes of Salmonella were included
and when mote than one stram of the same sero Ivpe was used epidemialogical
data were checked to make sure that the strains did not belong to the same out
‘break

In 1o tests were carried out aceording to the following scheme In each senies
male albino muce weighing 18-22 g were fed orally tnjee daily with 025ml of a
suspension of oxyquinoline tablets m saline solution A dosage corresponding to
2 X 100 mg of line or 10d Lg body weight per
day was used At the same time a control group was gnen the same solume of
salme Each group contained 20-32 mice The medication was continued for 2-4
weeks The feeding of the mice was made randomly in a different order evers day

On the second day approximatelv 1 hours after they had been fed with oxvgur
noline for the third time each mouse was grven a suspension of approximately 5
million § typhs murium {phagetype 8) bacteria jo broth The ammals were fed
randomly using the same hacterial suspension to all the amimals A control group
of mice recening osyquinolme was given sterile broth.

The Salmonella strain used had been made resistant to > 500 meg/ml
mjycin and the strain was not inhibited int vitro hy 1 0 mg/ml of 1€ or D!

Faeces samples were enllected every day from each mouse Approtimately 10 mg
of faeces was diluted 101 10 3 and 103 and each dilution was spread on Endo agar

200 meg/m! of ‘The plates were incubated for 24 hours at

37 C after which the colonies were counted The Salmonella strain used grew

readily on this medum whereas the normal intestinal flora of the mice was almost
tompletely ymhibited

of strepto
1]

In the control group of mice that did not recenve Salmoneile bactersal counts
were not carned out but samples were taken every two davs and cultured undiluted.

The number of animals excreting Salmonella was recorded every dav and the
approvimate number of Salmonella bacteria per 10mg of faeces was calculated
from the bacterial counts

The number of deaths in each group was recorded and a post mortem examination
was carried out Cultures for Salmonella were made from the heart and intestine of
each deceased arumal The cultures were carried out on streptomycin endo agar
ax gell, asan, dasexyhalate vhiate wgar Il i e Turdrment an Tubes con
latning combined h mediam 1o hanff) {2) The serotvpe
and phagetype of all the recovered stramns were checked to exclude infections with
straim of Salmonella other than the strain fed to the animals

RESULTS

The results of the in pitro test are grienn Fi, 1 The Vimmum Inlin
lory Coneentralion (MIC) was found to he 01-1 9 mg/ml for most of
the struns and no simficant difference bhetween the tho oxiguinolmes
tested was found The B sublilts strams werc the most sersitne some
of them bein,, \nhibited by as hittle as 0 0025 mg/m! while some of the
Shugella struns were ilubiled by 0 01 mg/ml (Fig 1) 90 per cent of
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the struns of Lnlerococet ind approximately half the numbcr of B pro
tens siruns vere mubited by 01 mg/ml Ps pyocyanea nd coliform
Dbictertr were samewhat more resistant to oxvquenohines many of them
bein, unaffected by 1D mg/ml AN 6 S fyph sirans listed were it
bited by 10 mg/m! while most struns of § paratypht A and § para
typhe B were unafficted At this concentralion 99 per cent and 90 per
cent of the 101 struns of 36 different seso (ypes of Salmonella grew
readily ou plates contmmng 10 mg/ml of dibromoxy qrinehne and wdo
chloroxyquinoline respectinels

Fig 2 illustrates the enmulaine death rate for nuee trealed with di
bromoxsquinoline (DB} 1nd saline Approsimatily 1 weeh after the
mfeching dose of 47 X 108 $ fyph: muraun bacteria was piven the first
deaths occurred A sigmfreantiy hugher dealh ralc was found 1n ihe
muce treated with DB than m the saline yroup

As shown in Fig 3 the avcrase number of Salmoneila bactenia/10 mg
of faeees reached high values as carls as 24 hours after infection In the
saline coutrel sroup the number of Salmonella bacleria decreased by
the fallowing dav  Aflter another two days the number ncreascd
rapdly although 1t never reached a value as high as that m the DB
tre wed froup

In the DB treated group the mean number of Selinonella hacteria
mitially rose to a fugher level than in the sahine jronp and thereafler
remaned at this lush lesel showing only 2 shght reduction durmg the
wo davs fallowing the mfection

Also the number of ammals cxcrebny, Salmonedla bactesiv differed
m the two groups (Fi, 1) 1n the DB treated group 90 per cent of the
mice were faund to have Salmonclla in therr facces by the dav after
wfection Durmg the followin, weeh this fi,ure slowhy rose to 100 per
cunt In the salme gronp Salmonella vwas found untially m 78 per cent
of the ammals and the figure did not nise thove 80 per cent

P;r €Mt tubrome yaumnoline
b ~— lodotHioroxytu neTe
~—— NaCt

P

50

et ] ) ] 20 B days
intechien
10 107 bact
Feug 5 .
Death rate w mice treatad with Dbromoxsquinoline and Idochlorexygquin hme
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‘The curves mn Fig 5 1llustrate the cumulaline death rate i mice
treated with dibromoxyq 1 10dochloroxyq line and saline Al
most 1lentical eurves were obtmned for the two oxvquinalimes whale
the death rate was considerably lower in the saline group

DISCUSSION

The results obtmined m this study conform well with those of other
insestizations (3 10 4) It 15 obvious that the majorily of the Salmo
nella strams are considerably more resistant to oxvqumohines than
most olher aerobic bacter1n found 1n the mtestmal flora and that only
sery fen of the Salmonella strmns are more sensttive to these drugs
than the normal intestinal flor: Therc 1s reason to believe therefore
that at certamn concentration levels oxiq 1 mav cause ch
1n the intestinal microflora without affecting the Salmonella and thus
facilitate the growth of these bacteria

The Tesuits obtaned mn the 1 vivo tests suggest that treatment with
oxyquinolines increase the susceptibihty of mice to § fypht murium
infections The proportion of animals infected and the death rate as
well as the mean number of § fypht muriem bacleria excreted 1n the
facces seems to be mcreased by the treatment

The results were simlar to those obtained by Weynell (5) using
streptomyvein Some of the findings also indicated that the h
causing the merensed susceptinbily may be sumlar to that described
by Meynell Thus as shonnin Fig 3 the marked reduction in the num
ber of § typht murium bacteria found in the facces of normal mice on
the first days after exeretion of the infecting dose was not found i the
ammals treated with oxyqinnoline As outhined by Veynell this result
may indicate that the § fypht murium hacterra conld start multiply
g immediately after entering the gut of the treatcd mice

The changes of the normal microflora have not been studied n the
wn pivo tests The results obtained 1n the wn pitro tesls however indicate
that such changes could occur and that the drugs may inhbit some

S:r’lms of the aerobic microflora wilhout affecting the S typht murtum
sirain

SUMMARY

In an 1n mtre sludy of the anlibicterial speclrum of dibromoxyquino
hin and 10dochloroxyquinoline over 90 per cent of the Salmonella
strams were found to be more resistant to these druws than most other
terobic bacteria commonly found in the wlestines Tested i vwo the
drugs were found lo ncrease the susceptibility of mice to S typhs
murtum infections nerensing the death rale as well as the proportion
:r:cv;«l:;m'\ls mfected and the mewn number of Salmonella hactena ex

27
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A NEW SPECIES, SPHAEROPHORUS INTERMEDIUS,
ISOLATED FROM EMPYEMA

By
Toyt BErGan and Bemit Hovic
Recened 251v 68

The purpose of this paper 1s to report 2 case of an nfection duc to an
anacrobic non spore forming Gram negative rod As far as ihe authors
are aware no descriplion of a species with the same characieristies as
our strain has been reported previousiy

L. 63 year old male The patient had suffered from angma pectoris sice 1951
and he had attacks of cardial infarction m 1927 and 1955 He had gradually in
creasing dsspnoea during the last few vears

From June 1967 the patient had coughing and haemoplysis In August there
fre an X ray examination of the lungs was performed This revealed a tumour
like infillration 1n his left upper hilar region Subsequently he was admitted to
hospital on Angust 27 1967

On admission the patients gemeral condition was good SR was estimated to
15 mm/hour and leucocyte count (I¢) 9400 Planigraphte \ ray examination de
monstrated a cavity filled with fluid within the tumour mass Consequently the
patient was tentatnvely treated with ampicillin for eighteen days This did not alter
the process as judged by the results of \ ray and blood examinations

4 Teft sided was on
tocalized to the central part of the upper lobe constricting the main bronchus and

the plenra 1 showed a poorly differentiated

carcinoma The resection borders and the peribronchial Ivmph nodes were devoid
of tumour cells

13 The tumour was

Postoperativels the patient had a shght rise in temperature Durimg the first
week he recened penicillin and streplomycin the second week, his treatment was
changed 1o chlorampbenirol After 150 meeks he was subfebnle and the antibiobe
was wilhdrann On September 15 the SR was estimated to 78 mm/hour and le¢
was 16900 on September 28 the SR was 93 mm/hour and le 3 as 12800
During the third postoperalive week the patient gradually ran elevated tempe

ratures again and on October 6 a pleural puncture was performed The air pres
su e in the pleural cawity was shghtl

raised but a bronchopulmonary fistula
could not be demonstraled Twno ml of a blood stammed clouds fluid was removed

and sent for bacteriological evammation From October 7 ampieillin was tried
for four d vs without reducing his temperature then the medication was altered
1o dox cvelin and some temperature decrease occurred However the patient ac
Quired a copious haemorrhayic purulent sputum and a bronchopleural fistula ap
peared on Ot her 10 Sixteen da s later a pleurocntancous fistula to the opera
tion ound de eloped

Teex minations by X ravs during the postoperative period showed various de
€7 ts of a left siled pleural exulate and a fen right sided | onchopneumonic n
filtrations (Pig 1) During the ame period ten cultures from sputum and the
1arynx f r Wyeoba ferium tuberculosis wre negaty

e
The patient was discharged to another hospital on O toler 77 while still being



Fig t

Chest roentgenogram tahen Octeber 25th 1967
i the right lower lung field Frudate 1o the left pleural cayaty

treated with doxyevehin The treatmoent was continued till January 1968 His fistalas
closed during November 15
The patient died on February 14 1963 4n autopsy was not performed

VMATERIALS AND UETHODS

Bacteriological specimens The flind sample on October £ was subgect to comman
bacteriological examinations including an anaeroble culture 1n thioglycollate broth

Blood specimen  Blood was sampled un November b 1967 for agglutination tests

The medsa used are listed i the Tables 1-3 Standard media based ov Difeo or
Ovoid preparatjons have been used All test tube cultures were anaeroblzed by the
pyrogallic acid method (12)

According to Su uht ef of (16} growth sninhition by dyes was done with a
1 100000 w/v concentration of \ile blye briliant green gentian violet Victoria
blue and ersstal swolet w1 a shightly changed basal medium of the followiag com
posttion  Glucose 2 g hulrient Broth (Dafeoy 188 Seast Extract (Difco) 5 Matl
1g 1ascorbic actd 01¢ leystin 01g Agar Do 3 (Oxoid) 7g distilled water 1000
ml The ingredients were dissolsed the plf adjusted to 70 the dyes added and the
medium dispensed on tubes for antoclaving 16 mmutes at 121

RESULTS

Mcroseopy  The stramn 1s Gram negaline After growth on artificrid
media relatnely umform rods appeartd (8 4-65p X 1-3 1) (F1y 2)
\o spores were 1dentifid
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Fig 2

Rod forms from & 3 da3s old growth on human blood agar Gram stam X 2700

Figs 3-%
Sphaeroid bodies from orer night primary culture 1n thioglycollate broth
Cram stajy x 2000
Capsules demonstrated by Voller stain (13) from 4 days old growth on
human blond agar X 2700

Fig 3
Fa s

Direct nucroscopy of the pleural exudate demonstrated marhed pleo
morphism of the Gram negative rods with sphaeroid elements and
hallooned spindle shaped cells A similar pieture was observed from
the primary thioglycollate broth cullure although the sphaeroid bodies
were somewhat less numerous (Fig 3) The oval bodies were located
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Fig 5
Colonies on human blood agar after 4 davs growth in an anaerchic jar
with H atmosphere X 10

subterminally and centrally They werc 1 4-12 » wide with 1 medium
size of 28 X 28 p The primary culture also showed some filiform
clements In all subsequent subcultures only a sery rare ballooning
was seen No Increase was scen in old cultures or after growth at 40 C
Sphaeroid bodies were induced by pereitlin and ampicillin A Aetsser
stain revealed metachromatie inclusions 1n some rods whereas olhers
were evenly stamned

By the stamming methods of Bult et al (4) and of Moller (13) a
narrow capsule was observed (Fi, 4) By the former method the
capsules were of widely different thichness on the average 02

Colonies  The colonies were mucod and partly amochoid (Fig 5)
05-1 mm after two days growth on blood agar sharply demarcated
with entire edges and comvex shiny smooth surfaces The cenlres were
more gravish the peripheries transparent They had a soft butyrous
consislency

Odor Blood agar cullures had 1 funt uncharactenistic sour smell
after three davs

Haemolytic actiwvrly No change of blood agar was observed after
three days However after four days a haemolytic digestion appeared
on human agar but nol on cow blood agar Tius appeared as zones
of clearing resembling heta haemolysis and exicnded aboul 1 mm from
the horder of the colonies

Voniity The stramn was not motle 1s evidenced by hangping drop
and srowth 1n sermsohd agar

Growth o growth was obtamned under nerobic conditions crther on
solid or 1n hiqind medin The bacterium exhubited even turbidily in 1 per
cent peplone water glucose broth Todd Hewtt broth and phosphale
broth without glucose No serum or carbohydrates were necded for
crowth although fermentable sugars did stmulale growth The optimal
temperature was 37 Cin both thioglycollate hroth sithout dextrose or

ndicator and Todd Hewntt broth The strun sursived 56 ( for an
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hour but was hilled by 70° C for 20 minutes To determine 635D
susceptinlily tube cultures with glass rods were shaken acrobically at
37 C sumlir to the technigue deserbed by Mudivedt (12) For 1lus
purpose Thioglycollte Broth (Mifeo) was moculated with 62 mt of a
2 days old culture 1n the sume medium Subeultures 1o thiojlvcollate
broth showed that the strain survived 24 but not 43 hours acration
Mo pronih was observed on Sabouraud agar plates or glucase broth
with 6 o per cent NaCl Results obtained with a scnes of dye contamng
media deseloped by Sweuht ef af (16) are shown 1n Table 1 A mediem
developed Iy Goldberg et al (8) showed that 40 per cent ox hile

inlnbited growlh whereas agar with 10 and 20 per cent shimulated
growth

TABLE 1
Growth Inkibttton by D yes According fo Su uhe et al (16)
rtliant Green +(+) Vietoria Blue ++
Crvstal Violet —_ Centian Violet —
Nile Blue +4++) Basal Medium 4+

The + to ++- 1mdicate inereasing growth mtensity o growth was observed 1
media where — 13 indicated

TABLE 2
Qther than

Owidase (Ropacs method (10))
Catalase

Tudale (in peptone water)

Cutrate (Koser s medwm (9))
Urease (Christensen s medium (9))
Sodism hippurate

itrate reduction (9)
Celatin liquefaction +
Ox serum Liquefaction
Eg2 white iguefaction
HS$

L+l

(RN

4
Cas praduction

Tested on a glass slide With 3 per cent 1 O
1 \utrient broth with 13 per cent gelatin

§ Tesled on the media deseribed bv Thyétta & Jonsen (17) on lead acetate agar
and on Triple Sugar Iron Agar (Difco)

Tested under tonditions of opimal growth 1 the media lsted an (17

Biachemucal reactions The results are recorded in Tables 2 and 3
Growth was observed 1n all tubes with negatne reactions

Latmus mith was reduced within 24 hours and coagulated afler
three but no digestion took place After threc days the pH was 50
Mter s1x davs 49 the controls had pH = 65 hoth tumes Skimmedd
mitk fave simotar findings

Frperimental pathogemcity Injection of 03 ml of a two days ol
thioglycollate broth cullure subcutancously (s c¢) in the grom of
moust and 05 mls ¢ 10 a qunea ;g id not Clieat any pathelags «
process

Serology A test tube apglutination wath 0 5 ml of the patient » &
and 05 ml of a saline suspul
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positnve fo 7 titre of 1716 afler 24 honrs at 37 C A suspenston of cells
boiled for two hours and 1 hialf was not agylutmaled Sera from {wa

normal persons did nol il etther it
TABLE 3
Fermentation of Alcohals and Corbohydrates
Potentio Potentin
Substance meter Substance meter
Method pH Vethod pH
\oposaccharides Saccharose 52
Pentoses Trisaccharide
1 Arabmose 63 d Raffinose 57
Rhamnose 63 Polysaccharides
d Xylose 53 Cellobiose 69
Hexoses Inulin 62
& Fruciose 5 Srarch 54
d Galactose 52 Alcohols
d Glucose 51 Adonttol b3
d Mannose 51 Glycerol 62
Disaccharides a Saerbuto} 83
d Lactose 52 Manmtol 63
Valtose 52 Test Vedium
withaut Carhohdrate 63

Tested 1 Thioglycollate medium without Dextrose or Indicator (Difio} con
taiung 1 per cent of the sterilized by t with aliquots
of 07m) of a 48 hour Mmoglycollate broth eultare Dalnoculated eontrots showed
pH from 64 to 67 After 10 days the pH fell a further 01 to 03 m all tybes

Antibot. senstfiorty Usim., the method of Fricsson ef al (5) eveepl
that cultiiation was done m ierobic ) irs with H atmosphere we found
growth mivhiion correspondin,, to grade 1 highly sensitive with
chlorimphemeol  erythromyem, fucidin hincomvem oleandomyemn
oxytetracvehn and sulfonamide The strun was resisint to ampietihn
bacitracm  cephalosporin colisin hmamyemr  methiathn nahdie
~tid neomyon nirofurantom novolecin penteithn polymyxm B
and streptomscin The zones and correspondin,, sensitnity srides
customarily used mav howover only be employed as indrertrons m
this mmstance due to the slow growth of the stran and the anttrobie
iest condiions The mununum inhiitors coneentration (MIC) was
tested 1 Penassav Broth (Difeo) with 5-1-05-02-0 0> meg/mt of
pemeithm and of ampicithn and was lound to be o meg/mi for exwh

DISCUSSION
The 1solation of s strun as the sole species m 1 humnn empyema
dicates that 1 1s patd to man The enltry of the orpanism md

the establishment of infeclion was certainly mded by the patients
carcinomn and hus tly lowered stafe of resistance as well 18

by the operation The strawmt was not prthogentc to healthy laboraton

ammals however
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The virulence of some Baclerowdes and Sphaerophorus species 1s well
demonstrated n cxperimental ammals (2 14) Many reporis of fatal
disease have appeared mn the lterature (7 11) Welay £ Sprunt (11)
1n 1952 reported 35 cases from a five year interval Of these 9 died
with nfections due lo strains of Sphaerophorus funduliformas (under
the name Bacteroides funduliformis)

In 1956 Gunn (7) reviewed the hterature on Bacterordes mfections
Due to the sarsing practice of nomenclature within the Baclerotdaceae,
his suriey would include cases due to both Baclerowdes and Sphaero
phorus The most frequent ifections caused by these organisms are
locahized to the respiratory organs mcluding the pleural eavity Other
common ecategories are septicaemias (often post parfum) and appen
dicthis At times there has been preceeding abdonunnl surgery acciden
tal lestons or underlying deilitating disease (3) The habitats of these
orgamisms are primanly the gastro inlestinal traet the female gemtal
organs and the respiratory micous membranes

The family Bacterotdaceae 1s subdivided into five genera (2) The
first three form a group and 1s characterized by 1) rarcly being pleo
morphic and 1) by strict anaerobioses

a) Bacterowdes (having rounded ends and occisionally being
pleomorphic)

b) Fusobactertum (with pointed ends)

¢) Dwhister (with small celis less than 0 15 micron wide)

The second group 1s distingmshed by highly pleomorphic rods and
consists of {he {wo genera

d) Sphaerophorus (strict anaerobiosis) and
e) Streplobactllus (facultative anaerghes)

There 15 considerable disagreement regarding the classification of
anacrobic Gram negative rods Prevol (14) classifies the genus Bacte
rordes of Bergey s Manual (2) as a separate fanuly Ristellaceae This
1s subdivided into the gencra Ristella, Capsularis (encapsulaled) and
Zuberella {motile} His Rustella comprises 37 Capsularts 4 and Zube
rella 11 species Prevot recogmzes another family the Sphaerophora
ceae which includes the genus Sphaeropliorus with 17 species The
situation 1s complicated by the fact that the mformation slien in
onginal deseriptions of new species often lack necessary detals

A more rational division mlo genera based pn metabolic properiies
would improve the situation Su whe et al (16) approached 1his by
mvesbigabing growth inhibition by a series of dyes They concluded that
certun dves inhibated the growth of Baclerowdes but not of Sphaero
phorus Further investigation 1s needed to elaborate these findings
which do not d the classification of our stran anyway

It seems that the strong emphasis put on cell morphology mn the
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frxonomy of this group of wnaerobes 1s unfortunate because pleomor
phism mav often depend on growth environment and may appear in a
wide variely of organisms under adverse conditions In the case of
Bacterowdes hypermegas for mstance onls older cultures exhihited
ovoid bodies (8) Y hen the pleomorphism 1s onhy demonstrable under
extreme growth conditions 1t mav easiy be mussed Steen & Thotla
{15) thus observed clostrichium formed bodies n 2 B serpens from
pus of 1 qmnea piy, The taxonomic importance of pleomorphism appear
g onhy under special esrcumstances 1s difficull to 4sses and s signify
cance 1s appraised differently In the case of B hypermegas for ex
ample the anuthors only observed sphaerowd hodies 1n one strain among
several with the same Dbiotype and only n old culiures of this one
strun The rule thus bong reguiar cell morphology the anthors con
sidered 1t a Bacterotdes Prevot (1) on the other hand Usted the
species as Sphaerophorus hypermegas

Thus 1t 1s lihely that some speeies of the Bacteroidacae are chissified
under Bacterowdes when they could perhaps equalls well be classifiedt
as Sphaerophorus It 1s obvious that ~ separation of these two genera
based on such inconstant morphologtcal entera 18 not satisfactory

We are 1n doubt concerning the most reasonable generic relationship
of our stramn Subculin atron has faled to demonstrate the same distinet
sphaeroid bodtes and they have not appeared regularhy 1n old cuitures
or after growth at #0 € This would tend to jushify a classsfrcation of
the stramn under Baclerotdes

However cell morpholo.,y n fiims of the pleural exudate nd the
prmmary cuffure showed numerous sphwerowd bodwes The patient did
pot recenc anhbiottes 4t the tume of 1solation so we do not deal mcrely
with sphaeroplasts thus nduced such a transition was indeed obser
ved with amprailin and pemicillin concentrations of 1 meg,/ml and less
Under the present state of taxonoms therefore we feel that ths fact
together with a) a very occasional sphacroid formation n old ecultures
and b) the oceurrence of spindle shaped cells under ordmary conchhons
and ¢) the diffcrence 1n metachromatic inclusions from ecll to cell
spggest classifving it as a Sphacrophorus But 15 discussed above 1t
may be questioned whether the distinction hetween Baclerowdes ind
Sphaeraphorus rests on a sound basis

We hae reviewed deseniphons of all specis of the Bacterouits
Sphaerophorus group and have not heen able to find any correspondm.,
to our strain None of the four Capslaris strawns hsted by Prevot (14)
has any resembiance to ths strain nd no encpsilated Sphacrophorus
has probably been seen befare

The speaes that seems most sumular to our strun s B hgpermegas
Harnson & Hansen 1963 (8) swe S fypermegas (Hirnson £ Hanwn
1963} Prevot 1066 (14) This s also non molile and clots mulh iis
achion on gelaum 1s uanhnown QOur stramm 1 distinction  produces

catalase ferments a widels Miferent spectrutn of earbohvdrates docs not
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'erment any polvualent aleohof and does not requure furmentable cirbo
hydrate for growth Our stramn 15 marhedly smailer (64-0 > p £ 1-3 )
han B hypermegas (1-25 p X 5~20 g} The temperatures of optumal
growth and their temper dure resistance are alse dissumilar

1t 15 therefore possible that this stram represcnls a new species i
this 15 substantited by future imestigation the name Sphaerophorus
intermedins 1s proposed The epithet intermediss wns chosen to stress
fhe faci thal the stran seemed intermediate hetween Bacferoudes and
Sphaerophorus according to the present entena for a separation of
these genera

Ths stram has been deposited as a type stramn m The “atwonal Col-
lechion of Type Culturcs London where it has recened the numbir

18081 and n the American Type Culture Collection where 1t has heen
assigned the number 23745

SUMMARY

A case of empvema caused bv a sirpmn of the Baclerowdaceae 1s reported
Its biochcmical activities are recorded in Tables 2 and 3

A< far as the authors are aware no deseniption of a strain with the
same characlenshics has been reported earlier and it 1 helieved that ils
charactenshies are snfficiently different from any previously recog
mized speewes to yustifv the creation of 1 new spucies for whach the
name Sphaerophorus intermedtius 1s proposed

The difficuities encountered 1 distingmshing hefwecn Baclerowdes
and Sphaerophorus by the preseni morpholo.ical criterta are discussed
1t 15 suggested that addstional studies of the metabolie and other

chartetenstics of the organisms are needed to arnve al 4 more sahs
factory classification
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ULTRASTRUCTURAL DEMONSTRATION OF LYSOSOMES
IN TONOPLASMA GONDII
By

Hans ARNE HANsson and PATRICK SOURANDFR
Received 91 68

There are several electron microseopie studies of the protozoon Toro
plasma gondn These have demonstrated the occurrence of several
structures characlerizing sporozoa especially the conord which con
sists of a cylindrical or truncaled conelike structure 1 the pomnted
end of the curved parasite (Gustafson et al 1954 Ludvtk 1958 Garn-
ham et al 1962 Gavin et al 1962 W ddfuhr 1964 1966 van der Zypen
& Pieharsht 1967)

Several toxonema or comvoluted tubules occur mn close rclation to
the conoid and extend posteriorly nlo the cytoplasm Several sub
pellicular fibnls originate in the pointed end also and extend posterior
Iv beneath the sevenlavered plasma membrane or pellicle The nucleus
which sometimes shows large conglomerates of chromalin has one
nucleolus and 15 surrounded by 2 doublelayered membrane The cyto
plasm contams a prominent Golgi complex one or 1 few milochondria

dopl reticulum 1l and givcogen granules

Lysosomis defmed as sack hke structures surrounded by a single
membrane and containing certamm acid hydrolytic enzymes have not
been demeonstrated m protozon (Crimstone 1966) However cyto
plasmic dense bodies have been thought teo be such and have been
described (Stewert & \ovikoff 1960 Garnham ef al 1962 Gnmn el al
1962 Olisa 1963 Brown et al 1965 Sommer & Blum 1965 van der
Zypen € Pieharsht 1967) Several 1cid hydrolytic enzynies have been
demonstrated n protozoa mcludmng Toxoplasma gondu susgesting the
presence of 1ysosomes (Vuller 1962 Schneider 1963 Brooker & ¥ icher
man 1964 Sommer & Blum 196> Iund el al 1966)

Tlus ultrastructural study of Toxoplasma gondu was designed to
cxtmine the hypothesis that typical lysosomes exist 1 the parasite

The authors are indebied 1o Ass Pr
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MATERIAIS AND MFTHODS

Parasites Toroplasma gondn of the RH strain was used Perttoncal evudats from
Swiss albino mice infected four days carlier with the parasites was obtalned from
the Virologieal laboratory Sahlgren s hospital Goteborg

Frration The follontag freatives were ysed 1 per cent ospuum tetroude (€ aul
f1eld 1957) 40 per cent osmium tetroxide in carbon tetrachloride {Af elius 196%)
and 1 per cent potassium permanganate 1 Zetterqsist s buffered salt solution (frr
description see SyBstramd 1967)

The parasites were ficed 1mmeduatels after harvesting by dripping the peritoncal
exudatc sato the fixation solution Infected cultures of rabbit retina (Hansson
1968) were fixed by immersion

For demonsiration of eazyme activrty the farvasites were fieed m 3 ner cent
gluteraldehsde (Fisher Chemuical Co Chicago L US A halogical grade) for 2
haurs at 4 C, or in 4 per cent formalm solution for 2 hours at 4 C Both fixatives
were buffered 1n 01 M cacodvlate buffer of pH 74 The 50 per cent gluteraldehsde
was trealed with activated charcoal prior to use Onle transparent uncoloured
stoch solutions of pH 3 to & were u ed The formalin solution was prepared prior
to use by heating an alkaline solation of parafermaldehyde (Merch Chemical Co
Darmstad W Germany) to 70 € The parasttes in the periioneal exudate were cen
trifuged 1o & pellet which nas embedded 1t 2 per cemt agar and trimmel to a
small block The speeimens were repeatedly rinsed 1a large 1olumes of 0 1M caco
dvlate bulfer with 75 per cent sucrase of pH 74 at 4 C for several hours

bation for D of Ar Iph Aetiaty

The specimens were incubated for 10 to 30 minutes at 37 € in a solution de
scribed by Hopsu Havu et al (1967) 40 mg of p nitrochatechol sulphate (Siuma
Chemmcal Co St Lewis Mo US4 ) was dissolved 1n a solution contalning 1 mi
of dustilled water 3 sl of 01 M scetate buffer of pH 55 and 1 ml of 3 per cent
batium chloride The fmal pH was adjusted to 55 wath 02 M acetic acd In all
40 infected retinal cultures and 14 haiches of parasite containisg periteneal exudate
have been used

Tneubation for D, of derd P Actunty

A madified Gomor1 reagent has been used consisting of equal parts o 21 M §
giycerophosphate (Sigma Verch) 01 A acetat buffer pH 50 and 0 12 per cent lead
acetate After {ncubation for 10 to 30 minutes at 37 C the specsmens were vinsed
for 5 seconds 1n 2 per cent acetic acid for removal of nonspecific lead precipitate.
In all 32 infected cultures and 6 batches of peritoneal exudate have been nsed

Postfization embedding se.tioning and Electron Sicroscopy
The specimens were postfixed in osmium tetrouide dehydrated mn ethanot and
props lene oxide or 2 hydroxypropy) methacrylate {Hohm and Haas CMBH Darm
stadt W Germany) embedded {n Epon 812 and sectioned with an LhB Litratome
311 The sechens were examined 1n a Siemens 1 A Elmislop either uastained or
after staming with uranyl acetate and lead citrate
With a view to test the specificits of the reactions paralle) conirol expen
ments were made by exeluding the substeate or the capturing 1ons barium or tead
1he specimens
ar}ﬂ‘ec’!’::x‘zh:lgif{r:c(&n studies were done in order to exclude the prescace of non
speeific dense precitates of stractures with high activits of arylsulphatase m x
Siemens T A Flmishop The daffraction palterns obtained were compared wath lhus;
ol 1 per cent barium sulphate which were allowed to dry on a formsar coated g

as described by Arstila £t al (1966)

RESULTS
n the cytoplasm of Texoplasma gondut They
{wo or three nere
2 aad

\ acuoles were obsersed ¥
were surrounded by a smgle membraone and usually o the
observed per scction often subpeliieular or perinuclear {Fig
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Fig 1
An blique sertion of T roplasma g nl; demonstrating the pelhicle pudlens an
d a

lear memtrane i nd Golgr com

tlex Vacu lc bordered by a membrane and interpreted ss Ivsosomes are seen

e 1! the Col t complex A dense hody ¢ niatning sn esmioph lic myvelin figure bes

bt o the pelhcle near the pointed end Fixed in cold 19 per cent o muwm tetroxade
in carbin vetrachinride fer 30 minutes Stained with gramy) and lead

8 craeatn U3
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Figs 2-3
Fig ® A mycropyle 1s seen 1p the upper right rorner The tnvagination 1s bordered
bv a membrane surroynded by osmiophilic yranules forming a thick dense
callar Note the club shaped inlernal structure of the mitochoadrsa to the
Ieft Tixed and stamd as Fig 1
Fig 3 A vacuole bordered by a single membrane 1s secn beneath the peil le Note
the chromatine aggregaies 1o the nuclcus Control specimen fixed in glutaral

dehvde and hated for of arvl activity but
without the substrate p nitrochatechol sulphate Postfixid in osminm tetr
ide and staised with wranyl and lead

3) Osmuoplulic bodies often resembling myehn figures were sometimes
obscried 1 the vacuoles (I 1) Thar diumeler usually mersured
0 30 p There was no obsions difference in the appewrence size or distr
bution of these structurcs in extracelluiar and miricular Toxoplesmt

parasiles
Usnally one to three dense arens bordered by a smple membrane
conld be recog 1 1n the cytopl of Toxople gondu after m
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Fig 4

T x jiasma parasite incubated for demonstration of aryisuiphats e activty The
tvs e fs filled with coarse dense reaction products There 15 an increased density
0 \he laner unit wembranc of the pellicle (arrov) losthixed i asmum tetrovide

cubanion for arvisulphatase actinity Al of the vacuoles deseribed above
did not show enzyme actiniy Thpse thal did were reatily ohserved
bee wse of the hugh contrast mnpacted by the barmum contaiming reae
tion products The coarse precipitales were usually localized to the
peripheral parts of the organelles {Tigs 4 to 10) The mean diameter
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Fg &
A Yysosome with dense coarse reaction products along its membrane 1s seen close

to but without apparent contact with & phagosome with a large irregular density
Note the increased density of the pelli le (arsow) Treated as Fig 4

Figs »-7

Fig 5 A hsosome with several dense precy itales distmbuted inside the distinct
membrane (arraw) Incubated 10 minutes for demonstration of arvisulpha
tase activily Postfixed in osmium tetroxide

F g 6 Amicropyle iy seen close to a subpellicular Ivsosome The vacuole with some
lense material to the night js tentativelv interpreted as a dense body In
tubated for demonstration of arvl ulphata e activits Postfixed i osmium
tetroxide and stalned with urany) and lead

Fg7 A Dysosome with arylwijhatase aclivity is scen 1n close relation to the
conaid and toxonema Fited and stamed as Fig
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of the vacuoles was 627, and the range was 011y to 062, The
reacting siructures descrsbed were mostly subpellicular or permuclear
No certun relation to the conod 1ovonemn Golsy compley endo
plashuc relieulum or {he subpellicular fibris could be reco,mzed
However ocesion-tly the reactine organelles were seen i elose rela
Lon io the mucropsie (Fiy 6) or to the conod {Fig 7) No arylsulpha
tase activily was & trated it the H tochondria Golmt com
plex endoptaste reticnlum  conpd bpelhcular fibrils b

or microprle A shght actnily was seen 1n the wnner unst membrane of
the pellicies and i the membrane around the two daughler parasites
formed duning the cndodyogenehie reproduction wmside the mother
parasite {Ig 4 and 8)

The distribuiion of reaction products after incubation for demonstra
tion of acd phosphatase acinaty was i agreement with that of aryl
sulphniase However precipuates were somchimes seen n the nucleus
and 1n eytoplasmuc structures (Fig 11)

The control speeimens sneubaled without subsiraie angd eapturmg
1ons or afier heating of the spreimen showed no precipatates

Efeetron diffraction studies were minde on structures with hugh and
sulphatase activity i order to evaluale the nonspearfic deposition of
dense material Electron diffraction patlerns were obtawned from the
descrsbed dense structures bordered by a membrane They were sumiar
to those obtuned from lzsosomes 1n mammahan cells and from the
control gnds with dried banum sulphate

DISCUSSION

In the cytoplasm of Toxoplasma gondi of the RIT strun several mem
brane hound cyloplasmic vacuoles some contammung osmuopiulic ma
terza) were seen They did not seem to hove any consistent relabion
{o the nucleus mitochondria tovonema conoid or other cell struetares
These organcifes Bad nefraty both of aryfsuiphotase (31 61) nd of
acid phosphistase (3132} The lssosomes in melazaw cells are de
sertbed as round or oval often osouiophibie organelles hordered 1 2
single membrane with a diameter of about 1 The ik actsssbies of
acid phosphatise and other hydrolytic enzymes charactenze the hee

Fugs 9-11
Fig 9 4 hsosame aud 2 phagosome are seen close together “ofe the elose ¢ nf et
hetneen the pelhele and the phagosome The taxonema shows its !¢

acteristic retreulated internad structure Trealcd sy Fig 6
ded 1+ the host ccil oyt plasm N te

porasile 15 sur
Fia 10 ;TP:: c?.:m relation between the fsosome and the phagos me Treated oy Iig €
Fig 11 A Toxoplasma parasifc after tncuhation for demonstraticn of acid pb
phatase actinily Note the activity 1a the Jvsosomes in the meml rages wr
roundmg the too dauchter parasites the mother paraste and in tie
snper unit membrane of the pellicle (arrows) There is a few coar el;x r;
soecific precipitates m the thy widined en G
fixed 0 osmeum tetroide
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sames These striectures have 1 close relalion to the phagocytic and
pinocyfotic activitses of the metazoa cells (For revien see W alluaur &
de Duve 1066 Straus 1967) Thus the or thes with aryIsulph
and aerd phosphatase actnaly desortbed in this studs correspond to
the Iysosomes in metazoa cells  The husosemes Toxeplasma gondn
are of the sume appearance as those m the rat hidney stuned for de
monstralion of aryisulphatase actaty with the same method s in
this sluds (Hopsir Havu el al 1967} The only duferemce 15 that the
fysosomes m {he mammahan colfs are ounthned by fmely granular re
action prochucts whiie 1t 1s more conrse m the parasite

The two different methods for the demonstration of acd hydrolytic
enzym~s grve sumiar resulis as far as concerns the lysosomes How
ever nonspecific dense precipiates were obseried m the nuelens and
mn ¢yloaptismue siructures after incubation for demonsiration of aad
phosphatase actnily Therefore most of the expertments hwe bren
performed with the arylsulphatase methed It was easily reprodunable
demonstrated activity m af feast one vacuole per parastte md dd not
cause marhed distorsion of the cellular morphologs

The specificity of the reactions was tested by omuting esther the
snbsirate or the capturing 1ons 1¢ lead or barsum No dense 3u tboral
was demonsirated w the controls winch corresponds fo the risulls
published for melazoan hsosomes (Erwesson & Tramp 1964 Wathaux
& de Duve 1986 Strans 1967 Hopsu Havu ef al 1967} The resulls ob
tained an the electron diffraction studies agree with those desendb d by
Arstila et al (1966) in the case of lysosomes wn rat kudney stamned for
aryisalphatase relnvaty Therefore the conelusion that the mstochemiey
praperiies of the lysosomes m Toxoplisma gondi are stmilar to those
of metazoa cells

Liht mcroscopic hustochemienl studies of protozea have demon
strated the actinty of several acid hydrolstic enzymes Yuller (1962)
showed several hy drolylic enzymes m food vacuoles n Paramecinm
The actinily of acsd phosphatase ks been obsers~d m Trypanas ima
(Brooker & Vicherman 1961) m Englena (Sommer & Blwn 106s) md
w Tozoplasma gortdut {{ und ef al 1966} In the Jatter case the rowchon
products formed were locahized to 1 few drhmited arens i the oito
plasm Thus the resulls obtuned in this study confirm the previous 18
sumption by Tund ef al (1968) that Totoplazma gondu has haa
somes

Several authors deseribed structures m Zoxoplasma gondi And other
sporozoa as Iysosomes Garnhamt el af (1962} desippated the toxonamt
as equunatent to Iysesomes The vacuofes offen cont uning «)snnnphcl:c
jammellated bodies descrabed Iy van der Zypen & Pul arshe (W‘hl )
1 Toroplasma gondit by Sheffield (1966) an Besnottia /t'"lm,m mt(l :\t
Sheffield & Hammond (1966) w Eweria """"l O s
posstion  struclure shape and size to the c)‘ul[’ "‘]""C :xukfs w Para
scribed sn this study The same 1S true for the food 3¢
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mecwum {Schneder 1964) and n different species of avian and primalc
Plasmodwm (Rud.insha & Trager 1957 Rud.nsha el al 1965 Athawa
el al 1966) ns well as for the phagocytic vesicles in Trypanosonies
(Stetnert & Novihoff 1960 Brown et al 1965) \Vhen their pictures are
compared with those in this study one obserses sev eral stniking sim
larities It 1s therefore ikely that the structures deseribed n those
studies are 1dentical with Ivsosomes phagosomes and related organelles
Sommer & Blum (1965) descnibed actiity of acid phosphatase not
only 1 vesicles and vacuoles but 1lso i the Golgi complex n Fuglema
2o achisity was observed n the pellicle under normal conditions How
ever 1f the Euglena cells were grown in a phosphate deficient medium
and stained for d tration of acid phosphatase activity reaction
products were also seen at only one side of the notches on the outside
of the pellicie The reacting parts of the notches were near tubules of
the endoplasmic reticulum which occasionally showed reaction pro
ducts In Toroplasma gondu there docs not s em to be any obvious
morphological relalion between the Iysosomes and the toxonema mito
chondna- endoplasmic rebiculum Golgi complex or subpellicular fibrils
as previously supposed (Garnham et al 1962 Lund et al 1966) In
thus study none of these organclies rcvealed any signs of actinity of
arylsulphatase or acid phosphatase The pellicle showed enzyme activily
hoth in the normal Toroplasma gondu parasite and 1 Euglenia grown
n phosphate deficient medium However the localizations of the reac
tion products werc different In the latter case the precipitates were
extracellular and dehmiled to one of the walls ;n the notches of the
pellicle {Sommer & Blum 1965) On the other hand in Toxoplesima

gondu the reaction products formed after incubation for demonstra
tion of both arylsuiph and acd phosph

achinaty were ob
served onfy n the wmner umt membrane of the pellicle {Fizs 4 8 9

and 11) Precipitates have never been seen 1 the outer unit membrane
of the pellicle or exiracellularly The smgle umt membrane around
the two dauchier parasites formed nside the mother parasite during
the endodyogenic reproduction showed rcaction products (Fig 11) I
18 templing to assume as a hypothesis on the basis of thus enzyme
aclivily pattern that the inner one of the two unit membrages of the
pellicle 15 that orignally formed around the daughter parasite The
ongin of the outer unit membrane of the pellicles 1s not known

What 1s the function of the iysosomes 1n Toroplasma gendu? One
Possibilily 1s that they form a part 1n a lysosome phagosome system in
{he sporozoa as 1n mammalhian cells (s to discussion see W attigur &
de Duve 1966 Straus 1967) (raham ef al (1962) demonsirated that
Toxoplasma gondu has a mieropyle 1¢ an mvagination of the pellicle
wto the cytoplasm (Figs 2 nd 6) Their obsersation has been re
peatedhs confirmed to apply to different sporozoa (Garnham el al 1961
Sheffield 1966 Sheffield & Hammond 1966 1 ddfuhr 1966 van der
Zypen & Prelars? 1 1987) Rud wnsha & Trager (1957) Rud nsha et al
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(1955} and d:kawa et al {1966) deseribed 2 mucropyle or eyvtostome
both m avin and prsmale Plasniodiym The raaliril parasite mcor
porates at the ersthroeytic stage through the cvioslome ey toplasma
{rom s host celf mio 7 food vacuole delimated by 1 single membrane
The engulfed maleral s more or less complededy digested

So far no ullrastructural cstochcmies] studies of actd hyvdrol e
tnzymes in sporozoa have been published In the present study vesicles
without signs of ysosomal enzyme actinity bwe been obserted (Fig 8
¢ and 10) 1t may be wssumed that Toxoplasma gondu and probabhy
also other protozon have a Iysosame phagosome systum sumslar to that
observed i mammahan cells Txtracellula material mught be engulled
through the mucropyle in a phagesome which thereafter forms A
phagolysosome or difestive vacuole with a fysosome os m the metazoa
cells

Anolher possible funetion of the Ivsosomes w Toroplasma gondi 1s
that they mught ba mobilized and thesr enzymes rooassd nto the sur
rounding flind prior to the penetralion of the parasite mfo 4 new host
cell The cell membrane of the tatter would brork up and thus faelit e
the penelirition of the conord on the pomnled «nd of the parisife Lycke
et al (1965) have demonstrated that trealment of Helx cells waith
fysozyme or hyaluromdase prior to the anfection with Toxoplisma
parasttes sigmifrcantly ncreased the number of infecled cells as com
pared to control cells It has been shown that these two cnzvmes form
pact of the lysosomal enzvmes m W least cert ua mummahan eclls (s
to discussion see Straus 1967) They mw possiblv be present w the
Issosomes of Toroplasma gondu In any case it w templing 1o assume
that the lysosomes hasve 1 penetration faetlitating effeet This possibility
15 not excluded by the fact that therc s no obvious difference betw en
the Iysosomes in mtra and extracellular parisites

Addibonally the lysosomes could funclion wn the destruction of or
Lamdles in the cvtaplasm of the parisite (autophags) as desesibid 1w
thy vase of mednzoa cells (for restew see Wattanr & de fave PIGG
Sirans 1967) Such = proctss prohably occurs although no dcfute
proof so far has been obtamedt

SLMUARY

The protozoe Tozoplasma gondil of the RH stram was studud with

eleciron microscope techmgues with special repacd to the oceurrcnce

of hsosomes

The parasttc has one
brine with a dinmeler o
hase 1 Tugh actnity both o
The precipstates formed by 1
coarse conglomerates m the P
Iysosomes 1n Toxoplasma yont

o thre Vreuoles dedimnted Iy 2 single mem
f about 034 s evioplism The vacuols
£ anisulpitiinse and of acud phosphatase
he enzy me retclions are obsered as denst
erspherat pisls of those strscturs Tin
1y cosrespond to those 1 melazon celby
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The lysosomes 1 intra and extracellular Toxoplasma parasites do
not differ m their number size or distribution The [ysosomes have no
appearent relation to the conowd toxonema subpellicular fibnils endo
plasmic reticulum Golg complex or other cell structures

The relation between the lysosomes the phagosomes and the micro
pyles 15 discussed as well as the possible penetration promoting effect
of the former structures

The mner umt membrane of the pellicle shows actnity both of
arylsulphalase and of acid phosphalase 1s does the membrane around
the daughter parasites formed during the internal reproduction the
mother parasite The ongm of the pellicle 1s discussed and related to
this observation

ABBREVIATIONS

C=Conaid. N=DNucleus Mm = \uclear membrane T= Tovomema M = ‘ito
chondria  Ge = Golgi complex  Er = Endoplasmic reticulum_ Mp = Micropyle
Ivsosome Ph = Phagosome Db = Dense body
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(1965) and Awhawa et al (1966) described a micropyle or cvtostome
both 1n avian and primate Plasmodium The malaria parasite ncor
porates at the erythrocviic stage throngh the cylostome cvioplasma
from 1ts host cell into a food vacuole deltmited by a single membrane
The engulfed matertal 1s more or less completely digested

So far no ultrastructural cytochemrcal studies of acid hydrolylic
tnzymes 1n sporozo have been pubhished In the present study vesicles
without signs of lysosomal enzyme activity have hecn observed (Fig §
9 and 10) It may be assumed that Toxoplasma gondu and probably
also other protozor have a lysosome phasosome system sumlar to that
observed in mammalian cells Cxtracellular material might be engulfed
through the micropyle i a phagosome which thereafter forms a
phagolysasome or digestive vacuole with a hysosome os i the melazoa
cells

Another possible function of the lysosomes 1 Toxoplasma gondu 1s
that they might be mohilized and their enzymes released into the sur
rounding fhnd prior to the penetration of the parasite into a new host
cell The cell membrane of the latier would break up and thus facilitate
the penetration of the conoid on the pointed end of the parasite Lyche
et al (1960) have demonstrated that treatment of HeLa cells with
Iysozyme or hyaluromdase prior to the mfection wilh Toxoplasma
parasites sigmificantlv increased the number of infected cells as eom
pared to conirol celis It has been shown that these {wo enzymes forim
part of the Iysosomal enzymes m at least eertain mammalian cells {13
to discussion see Straus 1967) Thev may possibly be present n ihe
3 sosomes of Toxoplasma gondu In any case it 1s templin, to assume
that the Ivsosomes have a penetration facihitating effect This possility
1s not excluded by the fact that there 1s no obvious difference between
the Iysosomes m nfra and extiracellular parasites

Additionally the lysosomes could funclion 1n the destruchion of or
ganclles in the cytoplasm of the parasite (autophary) as deseribed in
the case of metazoa cells (for review sce Walhiaux & de Duve 1966
Straus 1967) Such a process probably occurs although no defrmte
proof so far has been obtaned

SUMMARY

The protozoe Toxoplasma gondit of the RH strmn was studied with
electron mmcroscopie techmques with speaial resard lo the occurrence
of 13sosomes
The parasite has one to three vacuoles delimited by 2 single mem
brane with a diameler of about 03, 10 its cvtoplasm The vacuoles
have a high actisaty both of arylsulphatase wnd of acid phosphatase
The precipitates formed by the enzyme reactions are ohserved as de I[‘;l‘c
coarse conglomerales n the peripheral pirts of these structures |[‘s
Iysosomes 11 Toroplasma gondit correspond to those in metazoa cc
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THE OCCURRENCE OF VIRUS AND
INTLRFERON IN THE SPLEEN, SERUM
AND BRAIN IN MICE AFTER
EXPERIMENTAL INFECTION WITH
WEST NILE VIRUS
By

Syven Haangr
Recenved 8 68

Interferon production 1 experimental vitus infectrions has repeatedly
been demonstrated e g n the skin of rbbits 1n vaceima nfechion
{18) in the Jungs of mice mfected with influenza wirus (16) andn the
bram of mice after intracerebral noculation with arbosirus (7 15)
Circulating snterferon was first demonstrated 1in 1963 by Baron and
Buckler after intravenous moculation of large doses of virus (1) and
later after intraperitoneal moculation of various viruses which led to
wiraemia ()

In man interferon in relation to virus mfection has been demon
strated mn pharyngeal washmgs (11) 1n serum (23) 1n extract from
‘aceima shin erusts {22) and in cerebrospinal flmd (12)

In most studies the interferon levels have been determined only 1n a
few organs In some of the ammal experiments interferon was induced
by very large doses of virus or by viruses which do not muttiply n the
host for which reason the conditions concerning the quantity of nter
feron and s mechamism of produchion are scarcely comparsble to
those oceurring during natural infections

In the study of experimental mfection 1 mice with a neurotropic
arbovirus reporteq below an atltempt was made to simulate the course
2‘( a natural infection as closely as possible by varying the infective

ose

In order to evaluate the importance of the route of infection the
stnsitivity to the virus was tested and the course of infection was
followed on subeuinneous intratenous and intraperitoneal noculation
Virus and interferon titres were determined 1 the serum spleen and
bram under the various experimental conditions

This study was supported by grants from Arhus Lnu ersitets Forshningsfond sn i
F L. Smudth & Co 4/S s Jubilrumsfond osf
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In addihon the fitres of virus and interferon were compared m
splenectomized and non splencctomized mice for the purpose of ana
Ivsing the possible role of the spleen 1n the course of mnfection

MATERIAI AND MFTHODS

Vtruses —West Mile virus stram Fgapt 101 and Sembiki forest disease virus (SFD)
stram Smithburs were originally obtancd from Casals yn 1921 A des riphion of
passages and preparation of virus stoch was< given 1n a previous paper (13)

Wedia —Eagle s Basal \Medrum (Cibco) was nsed for all eell cultures supplemented
with serum and anfibiotics as presiously des ribed (13)

Tissue cultures—Vouse emhryonic cells (MF) were prepared from 18 90 day old
embryos from allino mice The embryos were removed under ether anaesthesia and
after removal of the head tail legs and guts the remaning tissues were min ed by
haryes and treated with 001 per cent frypsin solution (Trypure Novo) under agita
tiop by a magnetic slirrer for four or five perinds of 310 minutes each The cell sus
pensions were pooled and after contesfugation the supernatant was decanded and the
cells resuspended in the growth medium with 4 X 107 cells in 150 ml medium and
groon 1o 1 litre Roux flashs at 36

Frperimental nfection —Male and female albino mice of a noninbred strsin
weighing 16-19 g were used 1o al) the experiments

Intracerebral injection was given into the parietal region a little to the right of the
rmgline uader ether anaesthesia intraperitoneal injection into the umbilical region
and sub utancous nfection at the tail root Intravenous injection was given into
a tail vein after the mice had heen placed jn a thermostat at 3840 ¢ for 5-10
mnntes Varus suspended in phosphate buffered saline (PBS) was injected in
amounts of 005 m)

Splenectomgi — Mter demlation and cleaning with aleohol 2 transsersal incision
1 ¢m in length was made through the shin musele and peritoneum over the plecn
under ether anesthesia Following removal of the pleen and hgation of the yessels
the neision was closed by sutute of fas ral muscle and skin jn lavers The same
technique was used 1n sham operation 1n which the spleen was brought to the
surface of the abdomen and then replaced in the perstoneal cavity  Experimental
infection was performed 4-5 day s after the operabion at which time al) the animals
were 10 a good condition

Remot al of matertal —After the yvascular plexus had been cut open under light
ether anaesthesia as much blood as possible was withdrawn from the right avulta
by means of 4 siringe The spleen brain and in some cases the liver were then
remored under strictly ascptrc precaufions a new set of instruments being used for
each organ Blood and the indinidual organs were pooled scparately from each yroup
usually consisting of 10 or occasionally of § animals

Treatment of malterial —After standing at room temperature the clot of the poolcd
blood was detached and centrifuged at 3000 rpm for 10 minutes The serum was
then pipetted off and 05 ml of it stored at —70 C for virus tration The \l;e
mainder was diluted 1 10 and used for interferon assay lmmediately after the
vemonal the pooled organs were stored at —T0 C A 10 per cent suspension was
made direct from the frozen organs by grinding them with sand h;| P! R} t;
centrifugation at 6000 rpm for 30 miutes the supernatant was withdrawn l‘r:r
05 ml placed at —70 C for subsequent virus titration  the remainder \\'us wsed fo
interferon assas Diluted serum and organ evtract intinded for interferon a say

—20
R sm;:‘r‘inaltan 2—7!?: virus content 10 the setum and organs was determined by

Surus the material m 10 fold scnal

e e iy of o g
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lastic Petrs dishes (\une Roskilde) with 075 X 108 cells in 5 ml of growth
ﬁudﬂfm Incubation was carried out at 37 C in a 5 per cent CO_atmosphere
throughout the experiment On growth to confluence wsually after 38 hours the
medium was decanted snd replaced by 2 ml of 2 or 4 fold serial dilutions of serum
and organ extract beginning at 1 4 10 mamtenance medinm Each dilution was
tested In tno cultures After absorption for 20-24 hours the cultures were challenged
with §0-100 PFU of SFD virus The cultures were drained after a 1 hour absorption
penod and overlaid with 06 per cent agar (Difeo) in Eagle s maintenance medium
Neutral red was added 40 hours later and after a few hours the virus plaques were
counted lnterferon titres expressed #s units per 200 mg of serum Or organ were
recorded as the reciprocal of the highest dilution which reduced by 50 per cent the
number of plaques counted in the controls te 50 per cent Plaque depressing dose
(PDD,,/?00 mg) A stock reference preparation of interferon was used at known
titre on each assay to detect any changes 1 sensitivity of the system

Control inferferon —This was prepared from hrains of mice infected intracere
brally with West ile virus After the devel t of 1 toms the
mice wete bled zud the brains removed under aspetic precautlons Otherwise the
method of preparation was ss stated above

Storage —The interferon was stored at —20 C or -+4 G The titres of terferon
stored at 44 C remained unchanged for at least 12 months

Characteristics of viral mnhibitor—The viral imbibitor found in the serum
ditations 2nd organ exiracts exbited the folloning charactenisties
Stable at pH 2 for 48 hours
Not sedimented at 105 000 G for 2 hours
Inactivated by trypsin 05 mg/ml for 1 hour at 37 €
Not inactisated by RNase 05 mg/mi for 1 hour at 37 C.
Partly inactinated at 56 C for 30 minutes
Did not reduce the titre of SFD virus preparations upon direct contact 1n a
cell free medjum for 1 hour at 37 €
& Did not  rotect human fibroblasts from virus challenge

—manoe

These properties are i keeping with mouse interferon described by other invest
gators (6)

o mortality was found after intracerebral injection mto suchling mice of dia
Iyzed organ extracts or serum dilutions “either was amy decrease of interferon
titres found after treatment with antt West Nile virus serum indicating that all of

the 1nfectivity and interfermng property of West ile virus was inactivated by
nalyses at low pH

RESULTS
Variation tn Infective Dose

Lxperiments with vanation 1n the mfeetine dose s1ven wmtraperitone
atly were repeatediy performed 1 sexeral grouns of mice The course
of the resultant infections on administration of the various doses w 1s
n alf experiments fundamentally as shown n Figs 1-3

The course of snfection 1s shown for three dosage levels of virus iz
one killing ali infecled animals (Fig 1) another causing a high morta
ity “mong the ammals (Fig 2) and a third which produced disease in
somc amimals bul which led to dealh only 1 exceptional cases (Fig
3) Distinet viraemma was resealed after all three dosages 1ncreasing in
seventy from the first to the fourih day at which time the peaks for all
three dosages oceurred with only a shight difference 1n the levels The
curie shows a sleeper crease afier the lnrgest doses while the post
maximal decreases are roughly wdentical after the three dosages

The amount of circulating interferon showed a greater dependance
on the dose te 1t mncreased with an mercasing dose level In the ex-



——
SPLEEN
o
g6 100 £
5 2 8 000
g, [T Y Z
T 2 &g 50 &
ED g = 3
2 o = e el ¢
g ;i ¢ " 3
3 s I " El
" ) &
£, g £ ! 3
£ £
: "E gt A fe §
E' ¢ 8 I g
3 * e e 3
1 + 3 ®
H 1 “
23 456 7 8 EEEREEER]
DAYS AFTER FECTION DAYS AFTER WFECTION
—— e
SERUM
= 1000
s 0 3
s 2
s 3
R :
§J r§
w
w Py
z :
g g
g 8
®
o

1.2 31 4 5 €6 7 8
DAYS AFTER INFECTION

Fug 1

Titres of virus (@—@) and mterferon (| i the bram spleen and crum

of 16-19 g mice inoculated intraperitonealls with 500 intracerchral suchling mice
LD,, of West Mile virus causing death of 100 per cent of the infected micc

periments plotled n the diagrams the mterferon lesel was unfortu
nately not deternuned on the first day for the largest infectne dose
but 1n other experiments with the same wnfechive dose and roule of
infection no interferon could be traced 1n the serum on the first day
On all three dosages the highest mlerferon levels were seen from the
fourth to the sixth day

Irrespective of the infectine dose no virus was present in the spleen
on the first dav bat after that time the animals infected with the largest
dosc showed increastng fitres reaching a peak on the fifth day On
administration of the smallest dese virus could not be demonstrated
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Fug 2
Titres of virus (@——@) and interferon { ) 1n the brain spleen and serum
of 16-19 g mice Jnoculated intraperitoneally with § fntracerdbral suckling mice LDy,
of West \ile virus causing dcath of 0 per cent of the infected mrce

until on the fourth diy  bul n other experiments with the Towest dose
1t was in a few cases imposstble to reveal virus in the spleen in spite of
virnenua In all experiments 1t was possible to demonstrate interferon
n the spleen with a distinet correlation between the size of the mfec
ine dose and the amount of mnterfcron Interferon was msarnabls pre
sentan the spleen at an early juncture in the course of infection often
hefore 1t was possible to demonstrate virus 1n the organ

In some of lhe experiments the liser was studicd for virus and nter
feron At the lowest dose level neither sirus nor mierferon could be
revealed With higher doses virus could not be demonstrated during

2% actavatn 74 3
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Titres of virus (§———@) and interferon ( ) in the brain spleen and serum
of 16-19 g mice 1oculated intraperitoneally with 3 Intracerebal suckling mice 1D,
of West Mle virus causing death of 10 per cent of the infeeted mice

the first few days but later low virus titres were accasionally obtamed
(LD, == 1017) Simmlarly nterferon could not be traced in the Iiver
during the first few days and only fow titres (= 10 per 200 mg of
organ) were obtained on the {ourth to the seventh day

In the brain te the target organ no vwrus could be demanstrated
during the first two or three days The subsequent 1ncrease in the virus
titre was steepest after highest mnfeetne dose wiile the lowest dose
resuited in a flaitening of the curve on the sixth to the eight day after
nfection with a relatively Jow mawmum titre In supplementary ex
pensments the indiidual animals within the same group showed virus
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titres for the bramn of a fairly uniform level After all three dosage
Ievels nterferon in the bram could not be demonstrated until the fulth
to the eighth day after the wnoculation 1 e several days later than the
ncipient increase 1 the wirus titre In these experiments the most
dishinet nterferon produchion was also seen after the high wnfectine
doses

V anation n the Route of Infection

The sensitivity of the experimental amimals to the neurotropic West
Mle virus was studied by virus titration after 1noculation by the sub
cutaneous mfiravenous miraperitoneal and mtracerebraf roufes From
Table 1 1t appears that while the sensitiity was unchanged after mtra
penitoneal ntravencus and subeut ton 1 was about 4
times as high after moculation by the intracerebral route

TABLE 1

F fty Percentage Lethal End Point of the W est Nile Virus tn Two Different Titralions
in 16-19 G Mree Inoculated by Various Routes

TRoute of Titration 1 Titration 2
1poculation LD,

3 s0
Intraperitoneal 1038 1042
Intravenous 10371 1042
Subculaneous 1Mrae PLELY
Intracerebral 104z 1042

A comparison of the course of the snfection and of the interferon
production after admimistrafion of the virus by different routes n
several series of experiments with different mfective doses showed
that the course after subcutancous and intravenous moculation was
essentially the same as deseribed for intraperstoneal moculation

On the other hand 1ntracerebral inoculation resulted i a widely
different course Fi, 4 shows the conditions on wneculation with a
lethal dose of virus At 24 hours after the imoculation a high virns
concentration was revealed mn the bramn and serum wilh meresing
Vvirus titres during the next two days and persistence of a high level up
ta the death of the ammals The spleen did not reveal any virus at 24
hours afier moculnbion but then the titrcs wmereased duting the next
few days The mterferon content mn the various organs showed a farky
close corrclation to the xirus hitres and high values were obsersed in
the brain during the last fus days 1n the course of mnfection

Course of Infechion cfter Splenectomy

In order to throw further ght an the mmporiance of the spfeen n
the course of infection some cxperiments were performed wath splenee
29
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Tatres of virus (@ ——@) and interferon ( ) the brain splecn and crum
of 16-19 ¢ mice inoculated intracerebrally with 100 intracerebral suckling muce I D,
of West \ale virus causing death of 100 per cent of the infected mice

tomized mice As controls were used two groups of animals viz one 1n
which sham operation had been performed and another which had
not been subjected to surgery In order to approach the course of a
natural infection as much as possible the moculation was performed
with the mimmmum nfective dose of West \le virus

Table 2 shows the titres of virus and interferon mn the serum of the
splenectomized animals and i the control groups As will be seen
there was no distinet difference 1n the mterferon levels i the threc
groups although there was a shght tendency to greater interferon
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produchion m the splenectomized amumals On the other hand the
fevel of cireulating virus was appreciably higher i the splenectomized
group especially during the first few days after the inoculation In the
experiments shown 1n {he table nio passage of virus to the bran was
deteeted and no deaths oecurred among the aumais mn this group In
other experiments with moculation of larger doses of virus passage of
4arus 10 the bran was ohserved earher and n lar¢er amounts wm ihe
splencctomized animals than 1 the other groups

TABLE *

Tutres of Virus and Interferon 1 the Serum of Splenectomized Sham Operated
and Unizeate { Groups of Vice

Days after Splenectomized Sham operated o operation
infection Nirus  Inter! Virus  Interf Nius Interf
2 19 <4 [ <A [} <4

3 >35 4 23 <4 1 <4

4 335 [ 24 1 13 4

[ 27 4 09 <4 13 <4

3 <9 <} o <3 L) <4

DISCUSSIDN

The experiments reported here revealed the same sensiitity to the
virus and fundamentally the same course of infection on subcutaneous
intrasenous and wfraperifoneal inocufation However the course of the
mfechion was not followed until 24 hours aficr the woculabion and if
18 possible that the response to the nfechion may have varied durmng the
first few Bours after the various routes of moculahion The nmform
sensitinty and the subsequent upiform course of infection suggest
that a local reaction 1f any oceurring afier subcutaneous of intrapert
toneal moceunlation 1s only of Mminor xmportance 1n the overall course of
mfection

The course of infection was diiferent and the sensibvity was higher
on mtracerehiral than on penipheral fat Ths seems r bl
mnview of the fact that 1t was a neurotropie virus which was tmoculated
direct nto the targel organ A hih titre of interferon was found in
the bram after this mode of moculition whieh 1s 1n agreement with
previous reparts (7 203 The finding, of mterferon and siras n serum
and spleen afler mtricerchral inoenlalion differs from & report by

Subrahmangan & Vuns (19) Ths might be explamned by differences
m mouse and virus struns

Iatraperitoneal 1noculation of smail doses (1~3 LD;, as determined
hy intracerebral mocud sion suckling muce) induced subchimeal m
fection 1 most of the aptmals A few muce heeame ehmeally i1} but
only wn (xecptional cases did the infection rup a fatal course On ad
munistration of these doses we have thus a course of the mfection
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which may be compared to mfection with neurotropic arbovirus n
man On doubling the dose the infection led to death n most of the
mice but only if the dose was about 100 times hisher was the mfection
mnvanably fatal

The present expermments revealed a relatwely high level of inter
feron 1 the spleen 1n an early phase after the admmistration of farge
fectrne doses The interferon titres were usually higher than the
corresponding interferon titres in the serum This 1s 1n agreement with
a study reporled by Vanr Rossum & De Somer (21} who 6 hours after
intravenous injection of Neweastle disease virus found interferon titres
n the spleen winch were 20 times as high as that in the serum In a
previous studv hono & Ho (17) had reported that organs with reticulo
endothehal cells responded rapidly to mterferon sndueing stimuh both
tn pwo and n vitro

In spite of the fairly umiform levels of viraermia the amount of
circulating interferon was found to be considerably larger on the
moculabion of large than on small doses

On 1naculation of large doses the curve for circulabing mterferon
was found to run roughly parallet with that for the interferon content
of the spleen~—a finding which may support the assumption of A corre
lahion between circulating interferon and spleen nterferon As the
spleen was found to contain more interferon than the serum 1t witl be
reasonable to assume that passage of mterferon oceurs from the spleen
to the serum and possibly also from other reticulo endothelial tissue
and/or lymphoid tissue 1 the orgamism These obscrvations provide
evidence m support of the hypothesis advanced by Van Rossum & De
Somer p1z that the spleen 1s the most active interferon producing organ
during wiraenua (21}

On adminsstration of the small infectise dose only small amounts of
carrculating nterferon were revealed and only small amounts wire
prescot m the spleen Howetvcr the time refation of the oceurrence of
1nterferon 1n biood and spleen seemed to he less conspicnous here than
after mnjechion of the larger doses The nterferon production in the
spleen and the rebicnlo endothelial system may here play only 1 mmor
part In the experiments with splencctomized mice 1n which the das ige
Jevel was low the amount of inferferon in the serum was of the same
order of magmiude 1n the splencetonuized antmais and the controls In
simtlar expernments 1n which large doses of Neweastle disease virus
were used Frutstone et al (10) found that the splencctomized mice
had less mterferon in the serum than the non splencctomized controls
Subrahmangan & Mims (19) had previously arrned at the sune result
on myection of nfluenzn virus On the other hand D. Somer & Billan
{4) found the same amounts of mterferon m the serum of splunecta
mized rats and control rals after injection of farge doses of Sindbis

sirus
Interferon i the liver was demonstrated only i small amounts and
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only after injection of large doses The virus hires for the Iiner were
also low and 1t 1s not possible to assess whether independent infection
of the organ with accompanying interferon induction had oceurred or
whether the wnterferon and virus demonstrated might have onginated
from residual blood m the organ

Demonstration of interferon in the brain was not possible until the
organ was actually nfected following which the nterferon content
was Toughly correlated to the mtensity of the mfection of the organ
Thus 1t was not possible to demonstrate passage of interferon from
the serum to the bramn in spite of the occurrence of fairly large amounts
of circulating interferon in some of the experiments That such passage
may occur 10 mice has been demonstrated in a number of experiments
(3 8 9 14) in which protection against ntracerebral noculation of
wirus could be demonstrated when nterferon had been mjected ntra
venously or mtraperitoncally before or simultaneously with the ino
culation

‘The 1mportance of interferon 1n the resistance of tbe host fo and
recovery from natural virus ifection 1s a much debated problem
which 15 scarcely fully clarified as yet However the balance between
wiraemia and arculating nterferon may be concerved to play an 1m
portant role 1n the outcome of the infechion (3)

Disease and deaths among muce after mfection with a neurotropic
arbovirus seem to occur only 1n association with viral invasion of the
central nervous system and here viraerma seems to play an important
part (5) Howeser the maximum viraemia observed in the experiments
seems here to be only of minor sismficance as 1t was found to be fairly
uniform 1n the three courses of infection studied 1n which a hugh level
of viraema was observed 1n the group of ammals with only a few
deaths

Tarly viraemia was ohseried tn the groups with a subsequent high
mortahty It thus seems as 1f early onset of viraemia may be of 1m
portance and that it may be the cause of the high mortality 1n the
group subjected to large infective doses

With the infecline doses and route of infection used 1t was not Pposst
ble to reveal cireulating interferon within the first 24 hours On the
other hand later 1n the course cireulating nterferon could be demon
straled after all infectiwe doses Larly viraema developing afier large
mfective doses together with the occurrence of no or onlv minor
amounts of airculating mterferon may be supposed to promate viral
masion of the central nervous svstem whercas the occurrence of
arcnlating interferon later i the course may possibly protect the

brain agamst the equally igh level of viraemia which later develops
after small infective doses
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SUMYARY

The course of wfection and the sensitivity to West Nile virus 1 miee
were found to be uniform after ntravenons ntrapentoneal and sub
cutaneous moculation Mice moculated intraccrebrally revealed a dif
ferent course of infection and sumultaneously a higher sensitinaly

On 1niraperitones moculation of doses which were 100 per cent 90
per cent and 10 per cent lethal interferon and virus were demonstrated
m the scrurn spleen and bran of the mice The aghest levels nere
found on adminstration of the largest mfective doses On the high
doses nterferon in the spleen oceurrcd earls with a bitre wiieh ex
ceeded those obtamed m the serum In addition fairly good parailehsm
hetween the curve for areulabin, mterferon ind that for the mterferon
content of the spleen was observed Small infective doses did not give
nise to changes n the level of circulating mierferon after splencetoms

The peaks of viraenia were fairly umform m the three groups but
viracmia oceurred carly m the groups with igh mortalty and it 1s
suggested that a hih mortality ocenrs 1 mice m which an carly
Viraerma 1s demonstrablé where no or only munor amaunls of cren
Iatin,, nterferon are present whife circulating interferon later affords
protection of the central nervous svstem durin, a high level viraemaa
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BRIEF REPORT

BESPIRATORY SYNCYTIAL VIAUS COMPLEMENT FINING ANTIDODIES

Emdence of the 15 Nature of Antibodies Determined with Dextran
Added to the Test System

By Allan Hornsleth

The complement fixation (CF) test Is only of limited value for the disgnosis of
respiratory sirus tofection tn infancy and early childhood (3 9 125 Only a part of
the diseased children from whom virus can be 1solated dexelop a sigmficant antibodvy
response as revealed by the CF test

Previous Experiments

It has been described that the diagnostic capacitv of the CF test can be substant
ally improsed by addition of the poly saccharide dextran fo the reaction mixture (6)
Dextran T 80 (mean molecular weight of 30 000) in a concentration of 10 per cent
(g/100 ml) was added to the mixture of complement antigen and test serum (6)
The CF technique of Bradstreet £ Taylor (2) was employed with some modifications
and the diluent (seronal buffered saline) was used with increased salt concentra
tions (8) When sera from nfants and children with acute respiratory disease were
tested with respiratary svnertial (RS) virus and para infleenza virus CF antigens
the titres found i tests supplemented with dextran (CF d titres) were in most cases
higher than CF titres found in tests without destran (CF v titres) Furthermore In
some cases significant titre tncreases could only br found in tests with dextran (6}
It was suggested that deviran in some way increased the actinity of the antibodies
in the sera examuned but the hind of antibodies which were possibly actiyated was
not established The Dindings presented in ths paper suggest that destran in
creases the actnity of some 75 antibodies

Present Experiments
Sera shoning presence of antibodies a,ainst RS virus CF antigen both with and
sithout dextran iacorporated in the reactron mixture have been fractionated on 3
Sephadex G 200 column The fractions hariested have been tested with antthuman
¥ G (7S) and Y M (195) antisera by gelprecipitation (double diffusion) in agarose
and hase at the same time heea tested for CF d and CF s antibodies against RS vIrus
025 ml of undiluted serum was l2yered on top of a Sephadex G 200 column which
measured 25 em in length and 1 em in dismeler A 09 per cunt sodium chloride
solution was used as the eluent and 1 0 m} fraclions were harested and thesr optical
density determined at 250 mg i a Carl Zets PUQ H spectrophotometer 007 ml
solumes of the fractions were at the same time tested by the Ouchterlony technigue
1n agarose layers of 26 mm thickness agawast 60% volumaes of goat antibuman 75
gammaglobubin serum aud goat antihuman 195 gammaglobulin serum The agsrose
was obtasned from 1 Industrze Biologique Francaise SA and used in a concentra
tion of 1 per cent sn 1sotonsc veronal buffered ssline (VBS) from Oxoid Ltd Fog
land The anti 7S and anti 195 sera were obtained from Immunclogy Inc flim is
LS A When the fractions nere exammed n CE tests agamst RS virus antigen the
techoique of Bradstreet & Taplor (2) was emploved with some modification 33
deseribed previously (8) The RS virus CF aptigen was also the same a3 u od
peeviously 15y The dextran emploved in some of the CF tests was dextran T 40
frmean molecalar werght 40000) obfained from Pharmacia Ltd Sweden It was
used in a concentration of 10 per cent in the mixture of complement antigen n
rorgm and wih a dilution of the dilvent employed (VBS) which gave a sodivm

Tecerved 201568 from the Institute of Medical Microbiology University of

Denmark
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Qpt cal density RS virus
1280mu) CF ttre

B CF ttre wth dextran
M CF titre w thout de tran

7 8 1 13 15 17 19 21 Fraction
number

=f M= ~==] G=—= Gammaglobulin fractien
Gel filtration on Scphadet G 700 of a serum sample from a 4 year old patlent with
acute bronchitis Distrihulions of densitles and RS virus CF titres in the eluted
fractlons are shown The fractions showing cantent of 75 or 19S globulines hy
gelprecipitation are also ndicated

hloride toncentration of 128 per cent 1n the mixture Dextran T 40 and dextran T 80
can both be used with equal success for mproving the CF test with RS virus antigen

The figure shows the results obtained by fractionation of a serum sample from
4 year old patient with acute bronchitis This serum had a CF d titre of 1074 and
& CT v titre of 63 Only the fractions showing presence of 7S antibodics reveal
CF activity Analogous expertimints wilh other sera containing RS virus CF d and
CF v antibodies gave similar results

Drscussron

In experimental infections with different kinds of viruses CF antibodies have
been found to he slmost entirely 7§ globulin while 185 globulin has shown only
a fow ability to fix ) 1t was d 1 that dextran
increased the CF actiaty of 195 anhbodies in virus infections in infants and
children (6) This possibility must he ruled out by the findings presented mn ths

paper Also CF to aden has been shown to be
of the 75 nature (11) while CI* antibadles 10 Y pneumontae may be both 7S and

195 ammunoglobulines (1)
1t should be noted that also the achivity of virus neutralizing antibodies can be
{ncreased by the addition of different protein factors to the test system Unheated
tuinen pig serum Inereases the aetivily of nentraliniog sotibodies Lo herpes wirus
(4) and to rubella virus (7) whil  antihody cofactor™ can activate neutraliziog
antibodies to influenza virus especially antibodies of the 7S nature (10)

References 1 Brberfeld G I fmmunol 100 338-347 1968 —2 Bradstreet C M P
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Epld 86 36> 371 196710 Sty B & Hana L Acta virol 9 109-118 1965 —11
‘I;é‘s"«:;m Jr € L. Cupp € Boren D & Trentin Y J 3 Jmmunol 100 128-132
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These 1 hi that the Inoenlum was an fact T
postise and that the results obfained were not due to alreads cuslmg infectzans 1n
the mice which were used

The rematamng factor to be ddcrmmcd was the a!nemc of Torocara ova fmm
the snoculum 12 drops of the
on shides and found to he Foracara negative The shdes were then washed fnto 2
beaker and the wash d by This d malenal
was orally admimstered to 6 dye test negatine mice A fucther § mice were not sub
Jected to any e‘pcnmcmal procedures and sere set aside these controls were brth

Hi ¥ v negathe when exammed subsequently Onhy 3 of

the 6 mice Ied with the washings sumned to autopsy 47 days laler both were
positive for Toroplasma serologically having  dve test titre of 1 1220 Cysts could
be observed fn the braws of both mice The 4 ymce which died were also infectrd
with Toroplasma because when thewr hraws were inoculated inta groups of dye test
negative muce Infections could be demonstrated mm all passage animals s a resnit
of this expeniment we concluded that Toroplasma could he faecally transmrtted i
the absence of nematodes

We concede that these results are based on an inoculym prepared from the faeres
of a single cat and that this was the onhy posttive resnlt from 17 Toxacara negatne
ndrniduals However there can be no doubt the of
this inoculum as the protozoan has been fsolated from at on many mcaswns by
mouse passage More recently we hase been successful i repeating the aboye resnils
We have cbtatned Toxoplasma positine focces from 1 of a furthec sertes of & Toxo
cara negative tats using sumilar fechniques to those described above In addition
we muost rememmber that Jacobs (1967) has reported that he has observed 2 similar
eases

We have bad many in tr toxopl is 15 the faces of
Taracara positne cats and fen with Tavocarn negatwe cats v view of thi and of
fhe mcro ssolation expertments of Dubey (1967) we fecl that the questioa of nema
tode transmussion 1s shill open However in addibon to this possiulity we hase
noun clearly can be faecalls tran matted
sn the shsence of nematodes We are cominced that there are unknonn f rms of
Tozoplusma which are passed independently sn facces and which are capable of
suritnang o morst conditions for at least 3 months

References Dubey & P 3 Protozool 1% Supl p 7 1967—Dubey J P lete
rimary Builetm 33 495499 1963 —Hufchison % ¥ Natore 205 961-967 14 5
Hutehison W M Trans R So# Trop Med Hyg 67 50-39 1987 —Jgcobs I Ad
vances 1n Parasitology 5 1-45 1967 —Saben & B € Feldman # 4 Sctenc 103
660-663 1948
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LONG TERM CULTURE OF
NORMAL AND NEOPLASTIC HUMAN GLIA

By
Jan Posten' and FrLizaskTs H MACDDRE
Recerved °2 iy 68

The pioncer worh by Harrtson (1910} hredel (1928) Buchley (1929)
and Russell & Bland {1933) established that central nervous sysiem
(CNS) tissues would ,row successfully n pitro Subsequent studies
(Cox & Cranage 1937) Putkuy 1937 Costero & Pomerat 1925 Lumisden
1929 Manuehdis & Pond 1929 Shern 1965 1967) used this fechmgue
principalls as a means of extending morphological observation from
Tustologie sections to the lexel of the single lving cell with speaal

umph on hr tic For this purpose primary explanis

have been the materal of choice

The «um of the present work was the 1solation of ghal cell hines? of
both bémign and malignant oriin and their subsequent comparinon
with regard lo morpholegsy and capicily for prolonged growih i miro
The emphasis has been on the behaviour of stahlized long term cul
tures rather than the primary short term ouf,rowth In conirast to
previons experiments which have dealt with ssolated sclected tumours
this work encompasses a conseculive series of biopsies i order to

ascertun the proportion of suceessful eultures obtained under roubine
condifions

Tiuman fibroblast Iike cells of normal ongmn (Hayflick & Yoorhead
1961) form slable hnes® with a finite hife span and do not undcrgo any
sponfancous transformalion to established lines with mfinite growth
potentinl W hether human gha shares this stabilifv has not

helial

bezn
deternuned  Sohd human !

of ep and hy mal

1 Department of Pathology Lanersit of Uppsala Uppsala Sweden
2 Pathology Departroent Unnersit of Colarado Medical Center Demver Lolo
rado 3070 USA

This investigation was supported by grants from Pamon Runpon Memortal Fund
Jane Loffin Chitds Wemorial Fund the Swe 1 sh Cancer Soctety the Swedish Medical
Research Counexl and the Olle Fr ¢ss n Founration Sweden

3 The onginal terminology of Hayflick & Moorh 1d (1961} dr tin wishing be
tween strains with a limited Life span and lines with an indefimite growth poten
U2l has here buen ah ndoved an favour of the terminolgs adopted by the imer
ean Tissue Cultare Asso jation The word cell Lnes is used for amy sersally

enltivated caltyre and (he term established (cell)line for a populatien vhich 3%
indehinitel pr ;agable an tits

30 acTaeaTi 74 4
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onigin have heen notoriously difficult to eultnvate Onlv 1 smatf per
cenlage of such tumours will grow suceessfully in pitro (Voore &
hothe 1964 Ponten & Saksela 1967) This report will demonstrate that
human ghal tumours have a lngher eapacitv for growth oulside of the
body and deserihes four hines estabhshed from malinamt ghomas

MATLRIAL AND IFTHODS

Cell cultures Non mahignant ghal tissue came fram wound débridement or was
removed as part of the routine operation on hacmatoma or aneurvsm Clioma
tissue came from biopsies taken far histo pathological diagnosis Grad eultures and
direct cell suspensions (usually two of each) were prepaved on each case within
twenty minutes of operatfse remoyal

Grid cultures emploved several 1 2 mm fragments of fissue which were placed
directls on top of wide meshed lens paper or of the gelatin foam Spongostant
which in turn covered a stamless steel grid (Jensen et al 1964 fonten & Salsela
1967) The grids Iay 1n 50 rom Falcon plastic Petr dishes whose fluid leved was at
the upper surface of the grid Cells grew out from the explants into the mtrstices
of their support Some cells detached from the explant and reattached to the bot
tom of the culture vessel where thev formed cell lavers Crids were transforred to a
fresh plate when cells covered the area underl ing the gnd (approvimatel 2 em?)
€ell transfers from plates dernmg from grids were performed when the bottam
was covered by cells using 095 per cent trypsin and a sphit ratio of 1 2

Direct cultures were pref ared by seeding small fragments of the specimen broken
px bv sigorous pipetting Subsequent cell transfers followed the method for grid
cell transfers For staiming covershp were placed in freshly seeded Petri dishes
Eagles yinimum essential medium (MFM) with 10 per cent uninactnated calf
scrum 100 umits of pemicillin/ml and 50 4¢ of streptomyein/ml was used Medium
change was made biweehlyv Tissues were grosn at 37 ( in a humudified atmos
phere contaiming 5 per cent €O in arr

Iistological preparations The imtial diagnestic biopsies tissues on Sy ongostan
grds and cell blocks prepared by trypsimizing cell layers and centnfuging out the
cells were frxed in 10 per cent formalin o) ermight Coyverships anld whole plates were
fixed bv methsl aleshol acetic acid (3 1) for one hour Brom formahn fixation
was used in the (ajal or del Rio Hortega procedures Haematoxshin and eosin
haematoxylin and van Cieson May Crunwald Ciemsa Cajals gald chloride Fen
field s second modification of the del Rio Hortega silver carbonate Mallory s
phosphotungstic acid haemataxylin (PTAH) and Comors s reticulin were used The
Cajal Penficld modilication of del Rio Hortega and TTAH were used to differentiate
astrocytes frem mcrogha drogl an ioh (Penfield & Conre
1900 Shewn 1965) The I TAH stain distinguishes the slender astrocvtic ibnls from

Figs 19

A\, onfluent sheet of astrocsie like cells from n n nesplastic hrain tissue
Bt rinated by monomorphie 704 aatrcy e cells which have oval
aucler and harely discermble cytaplasmic fifrils To the right a 4n1 tete
ford astrocstic cell weth & lwrge 2va) nuclens The selumin us ovloplasm

;’us 1 parts been retracted doe to fixation artefacts AMay Crinwald Cremsa

Appr magn X 400 \ \ ,
125 CC durnved fram oo n neoplastic brain tis ue nucler
Fig 2 fdb ::\o;na:l'\?:nhc cilt ‘re secn The lower hall of the 7 icture sh <s three
rom B aate (S.cclls) wath their chiraclersstic bipolar shape and i ¢
e Scelis are [ eated on tor of the nA calls and therefcre slightly

el focus Mav Cropwald Ciem & Appr magn X 1700

1 Obianed from Ferrosan Asimo Sweden
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the coarse fibres of ftbrous and muscle tissue Comor s reticulin wmy regnatim 18
widel used to differentiate cells contarnung reticulin (rom microghal cells {$far
shall 1946 Peison & Voris 1965 Samuelsson et al 1966) In our hands the Cajal
and del Tia Hortega were difficult to use o monolavers and praved much more
reproducthle on blachs of trssues PTAH was sery reitable on monolasers as well
Frposure of ghal cultures ta BRSV(FH) Four das old ghoma derned cnltures
were exposed to 03 ml of Nous sarcoma virus of the Fugelbreth Holm stram
(RS (FH)) for one hour at 37 € at a multiphetty of about 1 after removal of
medium The cells were then washed twice with MFVM and Jeft in fresh MEM The
1irus exposed cultures together with non exposed cultures of otherwise identical
tstory were studied daily for persods up 1o six months Infectivits tesls were
carried out by exposing chicken fibroblasts to supernatant fluwd from trams
formed cultures The standard method descibed by Rubin (1960) was followed
Tests wn chielens for induction of tumours by Rous exposed ghal cells One
glioma line transformed by RSV(EH) was harvested with tripsin and smected 1nto
the wing web of 16 ten dav old lencosis virus free chickens nsing DY X 108 eells
per site The injection site was cheched for tumour forypation for six weeks
Expasure of normal gha to gltoma fissue calture flmd Three day old medum
from several plates of ghama cells were combined centrifuged at 2000 rpm for 15
minutes and the supernatant added either to a freshlv explantcd control gha gnd
or to mitosing control ghat cells in senal passage In all eght primary and three
secondary confrol cultures « ere challenged After two hours incubation at 31 G
the plates were rinsed twice with MEV and the cells refed with gronth medium
{n one case the centrifuped fluid wa put through a 0 45 4 mullipore fslter prior te
use The exposed cultures were observed for three months
(ell h n Celd 1 was used All counls ripresent the
average of at least fonr counts two from cach of dupheate plates

RESUITS
Terminology

2nd cells (Astrocytic cells) (Coslera & Pomeral 1903 Shewn 1964)
These have 1 s1ngle oval normochromatic nucleus (Fig 1) a smal
nucleolus and abundint palels basophibie ¢ytoplism whose periphery
often extends as clabiorite ramifications Gholibrils were wunpregnated
s Cajals gold chlonide and Malfory s PTAH but not by Gemons
reticulin or Penficld s modification of the il Rio Hortega sdver
carbonate stam

sns cells {Tetraplowd astrocytic cells) The guneryd morphologs
resembles that of the 2nA cclls but the nucleus s 2bout twice 1s Iy
wnd carnies 1-3 nuelcoh The evtoplasm 1s abundant moderately baso-
phalic and contuns neurofibrids (g 1}

S cells {(Spongioblasts) ({ostera & Pomeral 19535 Shein 1960) These
cells commonls appear on tap of astrocytie cells singly or in clusters
(Fig 2) Thes hae 2 iy hnvperchromatic mal puclens 1 parrow nim
of cvtoplasm usualls n Inpolar areangement with a neuroglial net
work (Costero & Pomeral 1900} which stuas well with Penficld s
modifscation of de! Rio Hortega s stamn but not with PTAH or (yjats

old chioride
b MG cells {(Atypecal cells from ghiomas) (Fi, 1) The nucfeus usu
Ally single may be multiple 3t s haperchromatic ind hus ¢ starph

1 Suprlied by AB lars ¥ jungberg Stockholm Sieden
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Cells from the 5th passage of hne 135 MC-B The Lives of group MC-B and WG-C

showed ind1 1dual charactersstics partienlarl 1 their earh passages The were
all, as illustrated n this figure distingmshed from (G and MG-A lnes by ap m
creased cellularity pleomorphism and the commdn occurrence of multmucleated
cells examples of which arc seen sear the centre and 1n the upper right part of the
field \ote pre ence of a few spongiobla ts (lower right) which do nat differ
appearance from those sceo in conirol cultures (Fig 2} In spite of 2 ugh istral
grosth rate and an enhanced capacit for sersal pas age cultures of series MG-B
such as the t entered a ratine phase and were

G emsa Appr magn X 100

ampl
Jost May Cranaqld

dehintd border olten interrupted by protrusions and irregular iden
tatrons Multilobed svariants are somehimes frequent Mitoses are more
common tharn i cullures of normal glia and are somelimes grossly
abnormal Associiled cytoplasm 15 of extremelv anable morphele-x
between tumours bul mav show some constaney within the same
lumour It 15 often volummous and deephh basophilic with sharply

defined borders which often arborise N\euroghal confent 1s highlx
vanable (Fig 4)

Description of Cultures

1 Caltures of non neoplastic gha (CG lines) Specimens from 14
¢ases were cultured Females were in preponderance Growth was ob
tuned 1n all cultures Althouh mhal growth was slower from the
zrds than from the direct cullures both produced the same rante of
cells which grew at the same rale to the same terrmnal densitsy and



Atypical MG cells from Jine 165 MG-B 1a pass 172 8 Nate the rich netwerk of neard

fibrls The fibril content vaned from culture to culture of the MG-B and MG &

series Wath time the fibrils tended to Ph acid h hin
Appr magn 1600

yielded equyyalent numbers of transters for cach case The subsequent
deseriphion will make no distinction between grd and direct primary
cultures

The earliest outgrowth usually seen after 4-6 days consisted of
astroestes Further growth was slow and continued Ll 1 monolayer

Frys 6

Fig o Line 153 (G i passage >ne at masimal cell density N\cte preponderance
04 eqlls arranged 1n a hon descript pattern Only two 4na cells are scer
There 15 no nuclear overlaypang and mitatie actinaty s ah ent May Cran
wald Cipmsa Appr magn X 120

Yine 1 3 CGn passage 13 vhich was one passage belire the culture was |
a1 the end of sts fimte life sfan 1n vitro (1ha e ML The cefl den«it
lower than during the stage of raprd graswth (phase H) Compare with fag 1
The relatise volume of the cytoplasm s greatly incrcatel with an tiafor ¢
petwork of fibrils of varviag cahber Fhe nuclel arc pleomorphic v ith  ne
miltilo} ed 1 the upper part of the picture $hase Il normal fha o dis
resemble the cells dersed from malignant gliomas by their pleomorph m
but differ in beng porme  «r hypochrimatic having small nucleely and
sirtually laching mitotic figures Vay Crunwall Cremsa Aprr magn 300

t

1
1

Fug 6
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TABIE 1
Crouth Characteristies of Callures from \on Veoplastic Glia and Gliomas

Time untll first transfer
Termmation

Tyne n (days)
Cond eult Ditcet seedcult  Max no transf
Mean Range  Vean Range  Mean Range ¢ 20ofterm
cu 10 356 348 249 13-38 1 -2
MG A 10 32 a5 28 i Be P it
M B 15 140 1133 11 831 %24 1131 phaselll
ME € 1 151 13-19 157 748 Apparentls infimte

cultures dernved from non neoplastic gha
cultures dernved from gliomas

cytologically indistinguishable from group €G
evtologically atvpual bimte hife span
cytologicalls atspical Infimte life span

covered e dish (b1 5) This required 1-7 weel s During the latter
part of this period 8§ cells were wdentificd 1 some cultures (g 2)
Phajocvhic cells often multinucliated ppeared At 2 vammble time
from explantation N\o other cell types were found in normal cultures
Ahfoses were mfrequent and ceased aftcr monolyer formation Che
inters 1l hetween transfers durimg, phiase 11 growth v iried belween aver
ges of 15 and 26 davs In thus period the distnibulion of 2nA 4nA S
cells was usually n the range 94 0 1 S cells tended to dummsh
number on repealed pssage The oulpul from grids usually fell off
after 3—-1 months istolooieal seetion of the gnd tissue af this lime
(discussed further in Scetion 3) showed no surviving sl eelis

Phase 11 Listed till about 4-12 months after explintation when phase
I began The maximal average hie span corresponded to 159 trans
fors (Table 1) The percentage of 4nA cells rose durimg, phase 11 and
s1ant nucler often wilh lobulaled nucelc ar protrusions appeared Pyvkh
nosis ncreasing nuciear pleomorphism and bizarre forms with cxten
sive torluous evtoplasmic extensions becime inercasmyly frequent
among the astroevtes (Fig 6) S cells which stdl persisted i smail
numbers 1n some cultures resembled thos~ of phase IT The cell density
decreased s exemplified by Iine 158( G which reached a termmnal et
density of 50 000 cells/em? 1t transfer 7 12060 at 13 and § 600 1t 15
Attempts Lo 1mprove viabihty by pooling phase I cultures fuled

9 Cultures of malignant ghal tissue (MG lines) The cullures ongt
nated 1n adult humans whose 1verase age was 49 vears (rnpe 21 73
vears) There was a shight preponderance of mates

the [cnnd of serlnl passage when gronth tn maumal
hase 11 as the peris [ of decreasing n ¢
ration (Hayffick € $fonrheal 1961

1 Phase 1t ss defined as
changes
grm\'lh rate prece ling cventual complete degene
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TABIE 2
Histology and Tissue Culture Crouping of Lines from Malignant Ghiomas

Thstological diagnosis Salient hustalagical
Tdentification (Rungertz classification ghoma) features
BIMC 4 Cloblastoma  (gradell)  Cysts
88MC A Cloblastoma (grade 111} oD
B3\ A Astrocytoma {grade I} Malignaney questionable
101 MC A Oligodendroghioma (grade 11) € A Pleomorphism
108 MG A Astroevtoma {grade lI) Isomorphous
10MC A Glioblastoma {grade IT1) \ecrosis
TMC A Clioblastoma {grade HI) Necrosis
131 MC A Astrocvtoma {grade 1I) NE
166 MC A Choblastoma {grade 11} Pleomorphism
17 M A Clhieblastoma {grade 111} Necrosts
6 uC B Cloblastoma.  (grade 1) €A
GTVMC B Ghoblastema {grade 1I1) GANF
70MC B Ghoblastoma {grade 1) G4 fibrosis groups of

raunded cells

3MCB Choblastoma (gradellf)  Groups of small rounded
cells

10LUC B  Uioblastoma (grade 1} Pleomarphism

135MC B Choblastoma (grade 1ID) \F necrosis

136 MC B Glioblastoma (grade I1D) Necrosts fibsosis

1IUC B Glioblastoma {grade 111}

HIUC B Clioblastoma (grade [11) Plenmorphism necrosts

150 \C B Clioblastoma (grade 111 Anaplasia

161 MC B Clic Blastoma {grade 11} Anay lasia

165 MC B Glioblastoma (grade 1)

103MC B  Lioblastoma (grade [I1) \F necr sis €A

170G 8 Gl oblastoma (grade 111} Spongm blasts

174MC B Cl oblastoma (grade 111) Spongtoblasts

87VC ¢ Clioblastoma (grade 111) Necrosss large tumour

cells

10 MC-C Clioblastoma (grade 1) Extreme pleomorphism

usvc ¢  hioblastoma (grade 111} Pleomorphism Gbrosss

1383(C € Clit lastoma (gradelll)  OD

MINC B Ch Blastoma (srade1N)  Lymphoestic pernascular

cuffing

MC A = quast normat
atepical cells—fimte hife span tn oitro
atvpical cells—infinite life span tn prtro
W D = glioma showing by mphoblastord transformation

NF = neurofibnls

cy gem1 tocvtic astrocytes

0D = ol godendroglia

(v U stolagy of surgreal bropsi s There were 30 astrocvtomas glioblast mas
which were graded according to the Ringertz system (Ringer! 1950)! and

ne olig denragl oma (Table 2)

(8) Tissue culture charactertst ¢s Sahisfactory growth was obtained in 30 cases
Tt sue vecened from the 3ist {a ghoblastoma) was mainly necrotic and was

! Ringert

(1950) classification recogmizes three g ads 1. t

mediate 4 pe and gliohla toma These are identif § Roman nimer 11 11 sa
ed by R

UL re fecth €] an the text and tables oman numer s 111 anl
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lost in early passage The other lines were classified 1n the following way
MG A quasi normal cultures MC B pathological cultures—finite hife span
m pttro MG C pathological cultlures—indefinite Iife span wn vifro  and
MCD the unique hine 119 MG showing hmphoblasterd transformation
(Benyesh Melnich et al 1963)

A Quast normal cultures One oligodendro,lioma and Al grades of
astrocytomn were represented amony, the ten cases All three asirocy
tomas of grade I and H were found among the quast normal culiures
(Table 2) Mo difference i growth rate nterval belween transfers or
total zn vrfro life span w1s observed between the quas: normal cultures
and cultures derised from non neoplastic bram tissue (Table 1) They
all terminated n phase 111 status The cullures derivng from this
gronp were mdistinguishable from normal ghal cultures after serial
passage Occasionally large anaplistic astrocytes stood out agunst 1
hachground of normal gha n the first few passages

B Palhological eultures—{fude lfe spar wn vitro This group encom
passed 15 glioblastomas (Table 2) The primaries plated out quickly
and subcuibiv ition could be started after an average of 12 1-14 0 days
(Table 1) The cell populahion was dominated by MG cells from the
heginming  Both within and belween the different cases these cells
varied greatly in morphology orientation wilh respect to each other
and relatise differentiation of nucleus and cvtoplasm (F1, 3) MG
cells grews 1 i arregular unhdy hihly vanable pattern whose salient
features were haphnzard ortentation and pleomorphusm Mitosis conlt
nued 1 muttilayers of cells and the mitoses were often abnormal
Phagocytic cells were found in smiil numbers Spongioblists were
more frequent than in controls or quasi normals and were of appa
rently normal morphology In several cultures there were 1slands of
milosing small cells with 2 single rounded hvperchromatic nucleus
and scant cytoplasm These cell nests were morphoelogically 1dentica!
to thosc described later i 118MG C cultures Debris was present
throughout phase II and onwards 1n most cullures The terminal cell
density (at least 90 000 cells/cm?) was hiher than that of the quas
normals or conirols Some cell lines 1s 73 \MIG grew sery quichly
and were tranforred weehly durmg phase I1 I'sentudly howerer 2]
lines enlered phase HI and were lost The final transfcr number varied
hetween 11-31 {average 22 4) and was thus highcr than among, most
of the controls or ithe quasi normals No permanenl cell hines werc
obtained (Table 1)

C Pathologteal cullures—indeftmite life span in vilro This group
inelnded hines of vanable appearance—87 MG 100 MG 118 MG wnd
198 MG—all dernved from highty mabgnant astrocvtomns (Table 23

87 MG-C was cultured from a grade 11 stroesloma glioblastoma n
A 44 year old woman The MG cells were large extremely bizarre and
wrew very slowly (Figs 7 nd 8) Maam 1l cell densitics of about 90 000
ells/em? were similar to those of proup B but ware kess than those of
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Line 87 MG in early passage Note pleomorphism local variations 1n cell density
and 1rrecular cvtoplasmic ramifications May Gruwald Ciemsa Appr magn X 400

105 MG ( and 118 \IG C Table 3 gives the intervals between subeulliva
tion from the 3rd transfer onwards Growlh crises occurred betwecen
the 3rd and 8th transfers and agam around transfer 13 1nlerpersed by
spurls of rapid proliferation

100\G-C oniated from a grade I astrocytoma glioblastoma m a
62 vear old woman The cells plated out quickly and proliferated vigo
rously The average interval between transfers has been 12 days A
profusion of patholonical astrocytes (MG cells) (Fig 9) the display

o v v paerns ~md Ve abvondenee of morphohugaaity woTmah
spon.iohlasts characterized this hme Mitoses were frequent even at
high cell densibies “eurofibnils were plentiful yn unmature cells n

others the evtoplism was pached with orange red granules (Fig 10)

TABLF 3
Transfer Intervals for Twne 87 UG C
Transfer -3

-4 -5 —6 —7 ~8 —9 —~10 —11 —12 —13
ki 78 84 16 10 1. 8 14 104 53 Days

Transfer  —14 —15 —16 —17 —18 —19 —% -~ —2 —23 9y
noo7 10




Fig 8

Tine 87 MG-C 1n passage 32 The cell density has inereased considerably compare |

to the early passage illustrated in Fig 7 but this particular line stll shows only

little tendency to growth in multilavers The cells have assumed a rounded or

pclvgonal form with loss of most of the vloplasmic ramifications and fihrils
May (runwald Clemst Appr magn X 200

(May Grunwald Giemsa) In some cullures S cells providd up to >0
per cent of the population 1y as dense tangles on top of the MG cells
and were not dimimished by frequent transfers A large amount of
débris was observed which did not disappear when the eells were
trown n the presence of 1 mamyein or aurcomyemn 105 MG-C 18 Al
present 1 ts 68th transfer with 1 maximal density of about 150 600
cells/em?

118 MG-C came from a grade Ifl 1stroevioma glioblaslomn i 1 50
vear-old man One area of the tumour rcsembled ependymoblastom s
The cells hase a 15 dav average transfer inleryal in culture The clllu
Inr pleomorphism and patlern yvariely mn issue cullure were repunis
cent of 100 MG-C Cytoplismic granulition was even more strihing
than in 102 MG-C while Inzirre tumour astroblasts were froquent ind
oflen meluded a wealth of neurofibrils Spongioblasts were abund i
appeared normal and were not adversciy ffected by frequent sub
cultivation 118 MG-C has now reached its o2nd transfer ind continues
to grow luxuriantly more than one vear after cxplantation Its mml
cell denssbies are equivalent to those of 105 MG

138 MC € ortpnaled from 1 gride 11 astrocvlomy rhioblwstoma



Fugs 9-10
£ig 9 Line1d WC Cin passage ®9 “ote strong tendency of cells to grow as Jrregu
Jar clumps( I>wer )cft corner) Manv of the cells radiating out from the
clump have the of bipolar ioh which were

i thus particular live May Grunwald Giemsa Appr magn X 1900
Fig 10 Line 10> MC-C in passage 19 “umerous acldophitic granules of unknown
nature are seeq 1n the cxtoplasm of many cells Stmilar granules may atso
te stznoln a few cells lepscted in Tig 8 Mav Grunaald Giemsa Appr magn
0



Fig 8

T1oe 87 MG-C 1n passage 32 The cell density has mcreased considerably comparel

to the early passage illustrated m Fig 7 but this partienlar line still shows ol

Dittle tendency lo growth an multilavers The cells have asswmed a rounded or

pulvgonal farm with loss of most of the s~toplasmic ramifications and fibnl
Mav Gruowald Giemsa Appr magn X 200

(Mav Grunwnld Giemsa) In some cultures S cells provid~d up to o0
per cent of the population lay as densc tangles on top of the MG cells
ind werce not dimmshed by frequent trinsfers A lar.e amount of
débris was observed which did not disippear when the cells were
grown 1n the presence of hanamyein or aureomvein 105 MG-C 1s at
present 1 ats 68th transfer with 4 maximal density of ahout 150 000
celis/cm?

118 MG-C came from a grade I astrocilomt lioblastoma 1 4 of
year-old mn One aren of the lumour resembled ependymoblaslontt
The cells have 1 15 day werage transfer tnieryal mn culture The cedlu
lar pleomorphism and pittern variets in fissue culture were renums
cent of 100 MG-C Cytoplastme granulalion was even mort sirihing
than 1 102 MG-C while bizarre tumour stroblasts were frequent and
often included 1 wealth of neurofthnils Sponmioblasts were abundnt
appeartd normal nd were not adversels ffccled by frequent sub
cultnnation 118 MG-C has now reached 1ts 22na transfer and conlimus
to grow luxunantly more than one vear afier explantation Its mam i}
cell densities are cquivaient to those of 10 MG-C

138 MG-C origanated from 1 gride Il astroevtoma pliohlastom
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kg 13
Sechion from one spongostan grid carrying an explant from which hine 147 MC B
was derived The original tumour was classified as a grade 1T glioblastorna wath
only shight admixture of gemustoeytic astrocyfes The grid scctioned after § months

shows a of astrocvtes of tic type

On the basis of the illustrated grid section the tumour was classified as a grade II

astrocytoma Gelatin foam fibres are seen in the Jeft part of the picture Van (tes n
Appr magn X 1000

The 119 MG-D grid which started to yield immunoglobulin produc
ang, cells afler three months and a half was sechioned after 2 further 3
months Lymphord cells could clearls be identified Such cells were not
present in other grids which neser ielded lvinphoblasts

Ezposure of Normal Glial Cultures to Supernatant from Grounp B and C
Glioma Cultures

Supernatant from 11 fast growing pathologic tissue cultures of
ghoma onginating 1o 67 MG 87 MG 102 \IG and 118 MG were added to
1a) freshly 1solated norml ghal fissue on grids and (b) prohfcrating
normal ghal eells 1n phase IT In two cases where 118 M supernatant
was used the cells grew out faster than the control cells to which
supernatant had not been added and an abnormal cell population
developed Chromosome study however showed that the prohferating
cells was of the same haryotype as the onginal tumour The expert
ment was repe ited using centrifuged and \llipore filtered supernatant

A acTararie T4
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from the same sources This fume po bnormal cells grew It was con
cluded that no pithologte changes were ndueed 1n normal fissues by
supernatant from gliomatous Lissue throughout the observation perod
of 3 months prosiding adequate precautions were tahen to exclude
contaminntion by the onmimal tumeur celis

Exposure of Gloma Derwed Cultures to RSV

The exposure of prohferating tumour derned cells {o RSV (EH) was
not folk d by any rable morphologteal change for the first
month One month after virus exposure three cell hnes 87 MG 105 MG
and 118 MG developed smalt haghh refractde oval to rounded areas
composed of densehy packed large mitosing cells These areas expanded
slowly ind formed multidayered heaps The transformation of 1n enlre
50 mm plale took 4-6 weehs from overt onset Morphologically  the
appearance was highly remmscent of Rous transformed human fibro
Blasts (Stenhwiat € Pontén 1964) Tramsformed celfs sared from the
inrge mant cell whose cylopiasm contamed sacuoles to spindle shaped
ot rounded forms with hyvperchromatic polymorphic sometimes mulls
fobed or multiple nucler and a moderate 1mount of deeply basophihe
cytoplasm (Fig 14)

Few § cells were present m the Rous transformed ghat enltures The
transformed celis were shed mto the medium 1 large numbers (up to
00 000/disk) Maximal density of attached cells was wsually about
180 000 celis/em® Prebimunary resulls from clectron microscopie study
of the RSV transformed ghal cells mdicate that they are different from
tr ¢ fibroblasts R div harvested supcrnatants faled to
e any focr on i hiy susceptible manelasers of chichen fibroblasts
“a mnfectious RSY could thus be demonstrated

RSV transformed 138 MG-C cells cansed ix tumouzs i 16 moculated
chichens The tumours were histolomeally typres] Rous sarcomas and

Figs 1522
Lige 118 UG C after transformation by RSV(FH) The field ss domanated
ty multinucleoted giant cells of typical Rous appearance “ote the cell
n the cenire with tarror smage symmetey and i Ehe upper left enroec
the sacuolated grant cell with a ceniral dense cstoplasmic area surraunded
by bumerous nuclel tewo cell $3pes almaost pathognomonte for transforma
tion by RSV Mey Grunwald Giemsz Appr maga X 400

Baundary zone between norm 1 ghn (Jeff and normal Esbroblast hke cells
{righty The line 230 GC was obtained from gliosis rich 10 connectne hssue
suerounding a mentog oma This hne 15 ot tneleded 1n the present series
tut shows the nnususl property of simultaneaus £rowth of astroeyte and
fibrot Yast ke cells The lattes grow at a hugher dewssty than the mormal
gl cells but ean be distsogmshed from late passage MGoeells (see Frg 11)
by thesr resular srrangement and growik m thin layers The pattissading
© {ihroblast muctel which may be nnted cant be seen 1n frbrohla te wltures
devived from most tis we  Way Cramwald Giemsa Appr maga > 80

Fig 14

ke s

N
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two of these sampled for chromosome analvsis showed eluchen harco
types demonstrahin., thit the neoplasms were 1nduced m the reaiprents
v matend released from the inoculated celis

DISCUSSTION

Our prescnl results mdicate that glia eells mas be the best mlenal for
the compratise study of normal nd neoplistic humnan cells t vifro
LCpithelium 15 not well suited for long term eullivabion and ¢arcinomas
onlv rarely srow progressnely {Voore & hothe 1964) Normal human
mesenchyme survives well as long ferm cultures of fibrobinst hike celis
which remain stable but wueoplistic mesenchyme can only be carned
m seri1l passage in bout 3 per cent of all lumours (Ponten & Saksela
1967 and unpublished)

Normal glin shired essentinl fealures with normal humw fibro
blasts The cultures were stable m the sense that no spontincous trans
formation into estabhished or morphotooienlts altered lines took place
The number of possible transfers which rou,hiv would correl e with
the maximal number of avern.e cell doublings onls vaned from 10-17
(Tabie 2) and morphologicaliv all control hnes were mdishin,ushable
and munh composed of astroestes A re,ulw monoliter wrrangument
w s mamtamned su..esting the exislence of contact nhintion  sinuir
o that deseribed for normal fibroblasts (Abercrombie & Heaysman
1924) Diiston deereased sharpls at 1 well defined cell density wmdi
cating that  cell exele miubilion  so described as 1 charactenslic or
normal fibroblasts ( Vacieira Coelho, Pontén & Philipson 1966) had not
been lost

N\inetecn oul of 30 mahignant ghomas (63 per cent) were dommatud
by cvtolosienlls atvpical celis capable of semal pissage well bevond the
control level This rite of success i n unseleeted consceutne serics
1s far above that eblamned with anv other {vpe of human tumour The
clearesl evidence of altered growth was n disturbed pattern with over
lapping cells and an neresed cel) densily suaneshing ot Jeast 2 partil
loss of conlact mhinhon of cell mosement nd possibiv alse  cell
cvele miunion  In four mnstances (13 » per cent) Iines were formed
which seemed capable of wnfinite propagation The four tumours winch
developed nlo appirenily perminenthy eslablished hnes (group G
Tible 2) did not diffcr sigmifienntly from the tumours which g nise
to struns which had 2 fimte Gife span i vire (group B)

Ten out of 30 lines oryinating from ghomas showed no evidined of
neoplastic growth They resembled the control fnes morpholoatealis
nd were probably dinved from stromy edls M of these hiopsics
came from necrolic or cvsbie grade 111 astrocvtomas (Table 2y As
regards three cases demed from wrade -1 tumours 1t could not he
determned whether highly differentiated gloma edls or strom cells

formed the lines
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The histogenetic ancesiry of the bnormal cells of group B and C
could not always be deterrmincd Structures stmming ke ncurofibnils
were however found at least m a proporiion of the altered cells
stronsly suggushing that these eclls were of astrocytic origin Cells wilh
out fibrils often had an elongated shape somewhat resemblin, mesen
chymal fibroblast hike cells w2 viro This was particularly promment
in Iime 105 MG-C 118 MG-C and 138 MG-C As to morphology and
srowth pattern these cells showed significant deviations from fibro
blast like cells derrved from normal human tissues and from gha rich
in connective hissue removed from the viemiy of 1 memingtoma (Fig
15) It therefore appears unhhely that they represented fibroblasts
dernved from normal vasewdar adventitia or arschnoid They may ether
represent mesenchymal cells which had undergone a sarcomitoid
change or they mav have represented non fibrik forming variants of
neoplastic Llia cells Histologieally the same difficulty 1s somebimes
¢ncountered <nd it his been proposed that malignant jliomas mas
contain a sarcomatous component (sec W tllis 1967)

The results of exposure te RSV are prelimmary ‘The absence of
directly demonstrable snfectnity and the production of sarcomas after
noculation mnto chickens parallel results with human fibroblasts trans
formed hv RS\ (Stenhvist & Ponfen 1961) Most hikely the viral e
nome custs in the same mashed  state in both systems

STUMMARY

Threc mun findings resulted from the long term tissue culture of glial
biopsies m humans First four Shal cell lines capable apparently of
indefinite prohiferation win vitro were derrved from the 30 gliomas
successfully cultured Second 1mmunoglobulin produeing Iymphoid
cells grew oul from one culture of a grade 3 astrocytoma rich 1n pert
vascular [ymphoid mfiftrabion Third the tn vitro life span of the nor
mal gha and the remmning 25 gliomas was fimte RSV (EH) mduced a
morphological transformation 1n the three ghal hines tested and the

ransformed cells induced typical Rous sarcomala on mnjection nto
chickens
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PRIMARY SUPERFICIAL CARCINOMAS OF
THE DUODENUM

By
Frra Larses and A4GE JOHANSEN

Recerved 73+ 63

Our hnowledge concerning early mahgnant changes m the small bowel
15 very restricled since tumours n this localization often are first
considered late 1n the differential diagnosis of gastro-ntestinal neo-
plasms This 1s the case with the duodenum too and especially with
caremnomas of the first part of it In this region mahgnant tumours
are exceedingly rare and smce therr svmptoms are verv lihe those
d d by of the st h or by duodenal wlicers the dag
nosis 1s often first made when the process 1s widespread

It 1s the purpose of this paper to report two cases of mitial malig
nancy mn this the first part of the duodenum and to discuss the histo-
genesis Both eases are mcidental findings in the duodenal edge of
Sastric ulcer resection specimens Since the very small carcinomas have

hardls given any svmptoms only a bried surves of the ehinteal histo-
ries will be given

CASE REPORTS
Case 1

Male patient born su 1884 S nce 1996 he had snffered { om pulmonarv tuber
culosis He had been ireated with streptomyvein and 1soniazid Lately he had de
eloped a fistula to the ncht awlla

He had never had anv dvspepsia. until December 1964 when he was admitted to
s hospital with b Ph sical

s revealed an anaemic mo-
deratels 111 old patient The blood pressurc was 100/60 mm Hg., the haemoglohin

was 59 g/per cenl. The sedimentation rate 13 mm/h The bleeding continued and
on Jannarv %ath 1962 a gastric resection ac ording to the method Billroth I was
performed (Dr I Andersen) The stoma h was full of blsod and a superficial alcer
W th a bleeding arters was found The duodenum was extrasrd nanlv mobile and no
miiltrations or ul ers could be palpated

e po toperatt € run was dominated by the semilitv of the pat ent He died three
“eehs after the operation

Pathologteal exanunation The gastric tesection specimen reicaled
one em distal to the proximal resectionborder a small ulcer The
mucosa was moderatelv injected but without other focal procusses At
the distnl part of the specimen a duodenal stump of about 212 cm was
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seen This stump was macroscopically normal N\o Ivinph nodes were
found

Microscopic exammation ravealed 2 small chronie uleer situated in
the top of the prvloric mucosn close to the small curvature The funde
mucosa showed 2 moderately atrophic chrome gasiribis with sciere
reduction 1n the number of paretal cells In the pvlone mueosq o
severe sastriis with cxtensie intestinal metaplasia was found o
signs of muahignancy were seen in relabion to the ulcer or wnywhere m
the stomach

The duodenal stump was avalable for studs in four out of sixteen
examined sections At the first exammnation the onlv finding, was a
moderate mnflammation but later at reexamination the following ob
servations were made in one of the four scchions The proximal 7 mm
distal to the duodenal prloric junction revealed nothin,, exeept a shipht
mfiltration wath Ivmphocestes and plasma cells 1 the lanuna propria
Alore dislally  the normal arclutceture of the mucosn was changed
(Fig 1) The viilt had disappeared and the crypts had fost their perpen
dicular arrangement and nstend composed a tribecular nelwork of
anastomosing cords The cells were atypieal without regulw polarits
The nucler were enlarged hyvperchromatic and a great number of
mtoses including mins trnipolar and other atvpical ones, were scen
‘Transiions betwcen normal crypts and aispical cords were scen
Among the cords small clusters and also single tumour cells were scen
1n the lamina proprin In the PAS stuned sections some of the tumout
cells showed a shghtly positine reaction “Nowhere did the malignint
changes extend to the muscularis mucosae In the most proximal part
of the malignantls ehanged area the mucosa was thun and had begun
to ulcerate

In all sections from the duodenum small areas with a PAS positine
gastric surface epithehum were secen mntermingled wath the duodenal
cpithelium

The Brunner glands had nearly completels disappeared under the
malignanthy changed epithelinm  About 2 centimeter of quite normal
mucosa was seen distally In this part the Brunner glands reappe ired
and here small areas of metaplashic gastriec emthelium were seen too In
all the sections the serosa was normal

Aunlopsy A complete aufopsy with microscopic examinalion was
performed Onlv perinent observations will be described [he rest of
the stomach was found to be normal The duodenum was without the
shghtest sitn of malignaney The rest of the small bowel the colon the
pancreas the ile duets the Liver and the Ivmph nodes were all with
out tumourformitions Verv severt tubercufous changes were found
1 the right {ung and the night pleurs These together wilh severe ile
lectases were eonsidered the cause of death The cerebrum W 1s normal

consilerng the age of the patient
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Summary A 79 year-old man born 1n 1884 Since 1926 a diagnosis
of pulmonary tuberculosis had been established After a fow wechs
with epigastric pamns the patient developed sesere gasiric bleeding and
Billroth I resection was made Three weehs later he died of pulmonary
wsufliciency Pathological examination of the gastric resechion spec
mens resealed an nlcer situated between the pyloric and fundic mucosa
o malignant changes were found in the stomach At microscopic exa
mination of the duodenal stump at the distal part of the rescelion speet
men a superficial caremoma without any inyasion of the musculars
mucosn was found 7 mm distal to the pylorus

The autopsy revealed no other malignant lesions

Case 2

This patient was & woman born 1n 1901 In 1941 she de\elopzd 1ymphadenopathia
of the neck 4 d to her own disease of u t
nature had been diagnosed and she was given rad:olhempy The en[an:cd Iymph
nodes disappeared and she has never had simular symptoms

In 1936 a cholecystectomy was performed From about this time she suffered
pertodically from dyspepsia and 1n 1963 and 1964 she had dietetic treatment n
another hospital In February 1965 she was admitted to this hospital on account of
increasing pamns 1n the epigastrium vomitings and pyrosis Physical examination
vevealed 2 woman 10 good health The haemoglobin was 171 g/per cent Sedimenta
tion rate 18 mm/per hour An augmented histarmine test showed 76 meq/l and 118
meq/hour An \ rav of the stomach showed a prepiloric ulcer On March 11th 1965
a Billroth 11 resection (Dr Bach \ielsen) was performed and a prepslorsc uleer was
found The duodenum was normal on inspection and nothing abnormal could be
palpated A frozen section of an enlarged l\mph node in the higamentum hepnlo
duodenale showed no sign of mal toperative run was
and the patient has been controlled in the oul palient department several times
latest Mav 1967 when she felt quite well

Pathological examination \Macroscopic examnation of ihe stomach
revealed n small uleer sitnated just above the prlorus It measured 9 by
12 mm and was without any macroscopic signs of malipnancy The rest
of the mucosa was normal Ihslal to the uleer a duodennl stump 2103
cm long was seen It was without any pathological changes o Ivmph
nodes were found

\Dicroscopic examination revealed 1 classieal prepsloric ulecr on the
small curvature Al the distal border of the ulcer the verv beinning
of the duodenal mucosa wns seen A moderately severe gastritis wath 1
sliuht ntestinal metaplasia was found in the pyviloric part of the spect
men In the fundic part of the specimen a superficial chronie gastritis
was seen No sign of mahi,naney was disclosed in relation to the ulcer
or anvwhere else i the stomach

The duodenal stump could be studied n four seetions 1n one of the
sections (Fiz 2) 1bout half 2 cenlimeler above the distal resection
horder 1he following, obsersaltions were mide In the PAS stamned sec
t1on a collection of vers heavilv PAS postlive cells were found in an
extrrordmaniy large villlus and also affectin,, the two neiphbounn,
ones These cells were strongls Alcan hlue positive too Tn the hacm
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Fig

Case ® A The whole of the is (HLE X 110)

B Section showing the signetrang cells (HSF X 4%0) C The relation of the car

c1noms to the Brunner glands (PAS X 90) D The strong Aleian blue reaction of
the tumourcells (Aloan Hue X 40)
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toxslin cosin staned sechion 1t was scen that the eells in the most
lummal part had the appearance of tvmeal signetrin,, cells At deeper
sites the cells were more anaplastie and contained only smll drops of
mucous A few atypical mitosis were seen The atspical eells 1y aded
he stroma between the ermvpt s of Lieherhuhn hut there was no nsa
sion of the Brumner gland laver and of the indistinel museularis
mucosa The surface epithehum covering the v preal eells showed seme
irregular nueler and had lost the goblet cells The very first cenlimetcr
of the duodenum showed no pilholosieal changes and nathor did the
cenltmeter nearest to the rosectionborder The Brunner glands were
normal m all parls

Small areas of metplastic gastric surface epithehum were scen m
this 1nd the other sections from the duodenum Apparently they had
no relation to the maliynant arca The serosa was norml

Summary A 64 vear old woman born i 1901 According, to her own
nformation she had been treated for a malignant lymph wdenopathia
of the nech mn 1941 This informalion could nol be verified Since 1906
she had experienced periods with gastric puns of uleertype After
having recenved dielctic treatment <everal times a Billroth 11 resection
was performed in Apnl 1960 The operalion and postoperabive run
were uncomplicated Three and 2 half vears laler she was doing, well
Palhological examination of the gaslric speeimen reveled 1 prepylonic
nleer \o mali.naney was found n the stomach \croscopieal ¢xami
nition of the duodenal stump disclosed 1 small superficial signelring
eell earctnom withonl any mmvasion of the musculars mucost

DISCUSSION

Adenacarcinomt 1s by far the most common {ype of mahgnanl nco
plasms in the duodenum ( Vachella 1961) In case 1 the chinges un
doubtedly ttlustrate the beginming of an adenocirainoma The mal,
nant changes in the erypt s of Lieherkuhn and transilions from normal
to alypieal epithellum were seen 1tn many places The anistomosing
cords and the presence of single tumour edlls siluated outside lhesc
cords indicated invasion of the lanina propria Since no mnvasion of the
musculans mncosie had lahen place the correct designalion of the
changes according 1o lhe sinular conditions 1n the stomacli nmught he
superfhicinl or surfice carcinoma of the duedenum The same desiy
nation could he used n cise 2 Also hiere was i mvasion of lhe
fammina propria since the wmaplastic sionetring cclls were disorderls
arranged Nerther i this ease was v mvaston of the deeper part of
the mucosae Sinee nothing of the speaimens were left the exaet sizc
of the surface eareinam s could not be delcrmined an either of the eises
The mahgnnt changes weft found i only one oul of four seclions
from the duodenal stump dicating {har ver DBmiled s1iz¢  Both
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enremom ts hnd 1 striking resemblance to the superficial earcimomas of
the stomach desenbed by honjetony (1940) Morson (1920) huhlen
cordt (1909) and others Since these {wo cases 1n fact are localized to
{he bowel mucosae the phenomenon mav be 2 posiine contribution
to the discussion concerning the precancerous rolc of testinal mely
plasiain the stomach

On the other hand 1t was inlteresting lo nole a certun  gastrifica
Lon of the duodenal epithehum 1n both cases In case 1 corresponding
to tht malignant area all the viili and nearly all the Brunner glands
had disappeared and small areas of gastric epithelmm were secn n il
sections from the duodenum The gastnie epithelium was alse seen
the duodenal sections from case 2 How often such melaplastic gastric
¢pithehum 15 found in the duodenum 1s the subject of an as vet not
timished mvestigation It 1s not a rare phenomenon It 1s not likels that
the metaplastic epithehum has playcd an important role mn the hislo
gencsts of the iwo carcinomas but such metaplasia may have mten
sificd their simlarily with the gastrie superfictal carcinomas The
possitnhity that the {wo carcinomas were not primary tumours cn be
left out of considcration The location m the most lurmnal part of the
wntestinal wall 1s a stron,, arpument for this contenhion Furthermore
the gastric specimens were parl of 1 material mvestigated for early
castrie cancer Both ulcers were completely sectioned and a folal of
sixteen sections from cach specimens were examined but any signs of
mrlignancy were nol disclosed Besides the stomach carcinomas the
mnhignant tumours of the pancreas are often seen to mvade the first
part of the duodenum In case 1 the autopst revealed a normal pan
creas and the historv of case 2 precludes nearlv with certainty a pan
creatic earcinoma

To our hnowledse such superficial carcinomas of the first part of
the duodenum have never been reported All authors (e g Diuxon et al
1946 Machella 1964 Wieners 1966) aorce that carcinomas 1n this posi
f1on Are extraordinanty rare Tarlyv but more extensive carcinomas mn
relation to duodenal ulcers have heen reported (Jefferson 1916 Diron
et al 1946) It has been mentioned that mahi nant changes mav tihe
ptace m the Brunner glands and precancerous lesions have been re
ported by Roberison (1941) Early malignant transformations of he
terotope pancreatic bissue 1n this region (Duff Foster & Bryan 1943)
as well as 1 the stomach (Jarpt & Lauren 1961) have been described
but also these carcinomas have been more widespread

Some authors look upon the benign duodenal polvp as a precancer
ous lesion Accordin,, to W ieners (1966) the adenomatous polyps are
most m the supr y part of the duodenum Mahg
nnl changes i such polyps have been reported by Ebert et al (1953)
and by Seltavt & Yolla (1964)

Although m this matter the starting pomnt of duodenal carcinomas
mw be different most authors ageee with the pomnt of view that the
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toxilin-costn stained section 1t was seen thal the cells 1n the most
tuminal part had the appearance of tspical signetring cells Al deeper
<iles the cells were more anaplastic and contained onlv small drops of
mucous A few atvpical mitosis were seen The atspical cells imaded
the stroma beiween the emipt s of Licherhiihn Lut there was no tmia
swon of the Brunner gland Iaver and of the indishinet museularis
mucosa The surface epithelium coverin., the atvpical cells showed some
wrregular nucler and had los? the goblel cells The very first centimeter
of th¢ duodenum showed no patholo,teal chan,es and neither did the
cenlimeler nearest to the re<ectionborder The Brunner glands wer
norma! 1n all parls

Small areas of metaplastic gastric surface epithelium were seen
this and the other seclions from the duodenum Apparentls thes had
no relation to the malignant area The serosa was normal

Summary A 64 vear old woman born in 1901 According to her own
mmformation she had been treatled for a2 malionant Ivmphadenopathia
of the neck 1n 1911 This inforntation could nol be venfied Since 19:6
she had expenienced periods wilh gastnie pans of ulcertvpe  After
having recenved dietetic treaimend several himes 2 Billroth 11 resechion
was performed i Apnil 1960 The operation and pestoperatine run
were uncomplicated Three and a half xears later she was domn,, well
Pathological examunalion of the gastric specimen revealed 2 preprlone
ulcer \o mahignanes was found in the stomach Microscopieal exami
nation of the duodenal stump disclosed 2 small superficial signctnng
eclf carainoma without any anvasien of the muscnlans mucosa

DISCLUSSION

Adcnocarcinoma s v far the most common {ipe of mahgnant neo-
plasms m the duodenum ( Vachella 1963) In case § the chan,es un
doubtedlx illustrate the beginning of an adenocarcinoma The malig
nant changes mn the ervpl s of Laeberhubn and transitions from normal
1o alvpical epithehum were scen in many places The anastomosin,
cords and the presence of single tumour cells sitnated outside these
cords mndicaled invasion of the lamina propria Since no iny aston of the
musculans mucosae had laken place the correet designation of the
changes according to the stmilar conditions in the stomach miht he
superfieial or surface carcinoma of the duodenum The same desiy
nation could be used 1 case 2 Also hcre was an imvasion of the
lamina propria since the waplistic signetring eells were disorderly
arranged “Neiher in this case was any imasion of the deeper part of
the mucosae Since nothing of the speaimens were left the exact size
of the surface carcinomas could not be determined 1n esther of the cises
The mahgnan! changes were found 1in onlyv onc out of fonr sections
from the duodena! stump indicating therr verv hunited size Bolh
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THE ULTRASTRUCTURE OF
VIRUS AND RADIATION INDUCED THYMOMAS
OF C57Bl MICE

By
BenGt LAGERLOF
Recerved 2+ (8

Tterated exposure to whole body 1wrradiation mduces thvmomas 1n
C57B! mice Cell free extracts of these thymomas hasve becn shown to
have lenhacmogemc achivity when moculated mtrathvmically in new
born mice or wnte mtrarenal thyme mmplants 10 thy mectomized irra
diated hosts (Haran Ghera et al 1966) These findings indicate the
possibility of a virus beng active 1n the leukaemogenic effect of e
diation The first evidence of tumour followmmg leukaemogeme treat
ment with irradiation or virus ts crowding of 1mmature blastic cells
rich 1 mitetic figures n the cortex Already at this very carly stage of
tumour devel t alkaline phosphatase appears n the tumour cells
This enzymatie activity does occur only 1n the reticular cells and endo
thelial cells of the vessels but not in the lvmphoid cells of normal
thymus (Lagerlof & haplan 1967)

In attempts to further clucidate the nature of the radiation and
virus induced thvinomas an electronmicroscopical study of the {fumours
has been performed imutrated mamnly by the two following questions

1 Is the lymphoid character of the thymomas unequivoeal? The very
regular and early appearance of alkaline phosphitase in the tumour
cells might indicate non lymphoid origim of the neoplastic prohferation

2 Can virus particles be demonstrated in radiation induced thymo
mas 1s well as 1 virus induced thymormas?

For this purpose radiation and virus induced thymomas have been

n the elect: oscope For comparison with non neo
plastic thymus cells thymus lobes from normal adult and embryomic
mice were also exammed All matenal studied n the electronmicro
scape was also examined 1 the hight microscope and classified acecord
g to conventional histological eriteria

Supported by grants {r m \ational Institutes of Health U.S Publ,

an1 the Swedish Cancer So ety / Hea ublic Health Service
1 should Like to thank Dr Lyrlm Osvaldo Decima for valuable advice during the

myestigation

1m}ery cfficient technical assistance by Miss Way {ndersson 1s gratefully achnow
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MATERIAL

Vice The mice were derrved from the inbred strain C>7B1/ha This stram has been
maintamned by continuons single line brother to sister mating The mice were hept
on a standard pellet diet together with drinking water ad hbitum

of thi by treatment The mice Were subjected to
four doses of 1/0 r of unfiltered $9Cr irradiation separated by seven das inter
vals This treatment induces thvmoma deselopment in almost 100 per cent with
latent period to death of 150-200 davs (haplan € Brown 1922)

n of th by tirus treatment Wi eanling mice were thymectofmzed
and exposed to four doses of whole bods irradiation s indicated above One dav after
the last radiation exposure one thymic lobe from a newborn syngeneic donor of the
same sex was implanted beneath the capsule of the left hidnev One wech later
002 ml of a s1rus preparation was injected directls 1nto the thymic mmplant The
virus preparstion was obtaied by differential centrifugation of leukaemic extracts
from mice noculated at birth with a passage of the virus (J1eberman £ Raplan
1929 Haran Ghera ef al 1966)

Treatment of tissues for elects For electr pv_the hissue
was fived 1n four per cent glutaraldehvde 17 eacodvlate buffer at pH 72 for tno
hours_and postfied in one per cent osmic acid 1n veronal buffer at pH 79 for one
hour The lLissue Wwas embedded 1n Epon and sections of about 400 4 thichness cut
with a LhB Ultratome The sections were stained 1n 15 per cent urany] acetate for
one hour 1n 60 C and with lead acetate (Millonig 1961) and studied 1n a Siemens
Elmiscope 1A

Fzpertmental material Thymus frcm ten adult normal mice and from twche
embrvos aged 18 to 20 davs to.ether with eight radiation induced and six virus
induced thymomas have heen nined 1n the

RESLLTS

Adult Normal Thymus

Light Microscopy

The cells encountered histologically 1n the adult thsmus are thymo
cytes epithehal cells and macrophages and oceasional eosinophilic and
basophilic granulocvtes The thvmocytes are denscly pached in the
coriex with single epithchial cells and macrophages 1nterspersed The
thy moestes 1rc more scants in the medulla which 1s made up of a loost
reticulum of the epithehal cells contaimng seattered thymocivtes The
epithehal cells are abundant 1 the medulla but occur 1n A relatels
smaller amount in the cortex Additional stromal support s rendered
by the small vessels transversing the thyvmus and the rudimentary
fibrous septa orizinabing, 1 the vers thin fibrous capsulc surrounding
each thymus lobe

Electronmicroscopy

Surves pictures show the cortex populated by thvmocstes walh onhy
occasional epithelial cells 1nd macrophages mlerspersed thig 1)
whereas the epithelial cells domunated the piclure 1n the meduth
(Fig 2)

Fixation 1riefacls such as rupture of mitochondria and nuclear mem
branes were present in some of the cells i the electron nucroraphs
from normal as well s neoplastic thvmuses Neither the aalure nor
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the frequency of the artefacts appeared Lo affeel the reproducibility of
Lhe results

Thymocgtes Ultrastructurally the nueleus of the thvmocyle 1s very
regular oval or kidney shaped The nucleus shows distct peripheral
condensalion of the chromalin wlieh gives the cells defimte Ivmphord
character also at the ultrastructural level Many of the thymocyles have
one nucleolus located centralls m the nucleus The sizu of the nucleus
n the cleclronmicrographs 1s usnally 4-6 »

The cytoplasm 1s seant and generally well circumseribed The cyto
plasm contuns 1 moderile 1mount of mbosomes 1 few oval or
shishtly elongated milochondria (M) 0 3-07 4 in diameter and a smnll
Golgt complex (G) (I1g 3) No desmosomes as described by L.ard
(1966) hnve been observed 1n the thymoceyles

The thymocytes are regularly more clectron dense thin the other
cells in the thvmus and therefore easily recogmized even at low magmft
eation

As 2 whole the ultrastructure of the thymocyte 1s verv repular and
the indinidual cells diffcr very hitlle from each other

Eptthelwal cells The epithelial cells vary somewhat in appearance
but have uitrastructural charncteristics which mal e them ensily re
cognizable The nucleus 1s larger than that of the thymocytes round or
oval and his o very finely dispersed chromatin contaiming one or two
promunent nucleolh The cyloplasm 1s abundant and contamns tono
fibrils (T) These struclures together with the desmosomes (D) con
necting the cells give them thewr epilthehal adentily Modcrale amounts
of ribosomes are observed somelimes in polvribosomes Mitochondrit
are well descloped measurim, 03-104 in diameter and occur n
moderale amount The Golgi complex 1s mostly well developed In some
epithehnl eells Ivsosomes measuring up to 05 i diameler are en
counlered Some of the epithel:al cells also conlam groups of cytoplns
mic yacuoles (CM) varying i size hul measuring up to 3 g n dinmeter
Amorphous material ean often be scen 1 the vacuoles which are sur
rounded by 1 membrane indented by mierovillous projections (Fig 5)

The epithelial cells constilule 1 loose reticulum of the thymus with
thewr lon, cytoplasmie extensions reaching mto the intercellular spaces
and connecting with other epithehal cells Y ersy few emply intereellular
spaces are encountered in the medulln and cortex of the adult thymus

T'igs 3-%
Thymoeste from cortex from an adult thymus The peripheral elumy ing of
the chrematin 1s clearly evident The Colgi complex (C) is seen in the right
upper part of the cell There 15 & moderate amount of free ribosomes

Fig 3

Fpithelial eelt from me lulla of 2 normal adult thymus In the cvtoplasmic

3
Fio extension tenohbrils (T) and desmosom < (D) are seen
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Fig 5
Fpithchal cell from cortex from a normal adult thymus A large group of eyt
piasmic vacuoles 1 seen (€33 and tonofibrils (T) wad Ivsosomes (L) are evident
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Fig 6
Macrophage from medulla of a normal adult thvmus The ell contains 2 p ominent
rough surfaced endoplasmic retr ulum (I'R) nnd several large Ivsosomes (L)

since Lhey are mostly occupicd bv these cytoplasmiuc extensions of the
cpithehal eclls

Immature mescnchymal cells and macrephages These cells oceur
both 1n the corlex and the medulla though to a lesser extent than the
emthehal cells Thev have large oval nucler with finly d spersed
chromatin sometimes contaring one or two nueleols The ¢ 'vplasm 1s
usualy abundant well circumsetibed and desoid of ¢ytopi1 mic pro

cesses Desmosomes and tonofibrils do not occur The ribosome  are
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often attached 1o the endoplasmic rebiculum but ¢an also oceur free
the evioplasm (Fig 6) “Mulochondria measuring 0 3-10 4 i dimeler
oceur in moderate amount The Goldi complex 1s not promment Groups
of lysosomes are usually encountered measunng up 1o 154 1 dia
meter Small emply vacuoles can sometimes be seen 1 the evtoplasm

Addifional cell components In addition to the above mentioned man
cell types occasional eosinophilic and bisophilic grinulocvies have
been observed These cells arve casily recogmized because of therr cha
ractenistic granulation

o virus particles have been observed m the thymus of normal un
treated adult muice

The ultrastructural morpholo.y of the cells i the normal thvmus
from C57Bl mouse ayree principally with the fincdings mn sirun 129/y
mouse reported by Clark (1963) and mn spraque Dawley rils reported
by Lundin & Schelin (1965)

Embryonal Normal Thymus
Light Mieroscopy
Hisiologically the thy mus from embryos aged cijhicen to tnenly d7ys
18 not separnted into 2 medulla and a cortex as the adult thymus but
the whole organ s populated by mmmature Dlast hike celfs and some
more mature lvmphoid cells lavin, m a Joose reticulum of cpithehnl
cells

Electronmicroscopy

Al the electronmicroscopieal level the celis ean be 1dentified as
follons

Immature, lymphowd cells Iymphoblasts The majorty of the cells
i the thymus of embryos aged eighleen Lo twents davs are smmalure
1ymphoid cells walh umform ultrastruclural morphology (T, 7) The
nucleus 1s round or oval measuning 5-7 p i diameter (i, 8} The
chromatin 1s finely dispersed 1 the centre but usually clumped at the
periphery though not to the same extent as in the mature tvmphod

Figs 7-8
Fig 7 Sunvey pieture af th mus from mouse embryo The majonty «f the cells are
\mmature Ivmpheid cells bmphol lasts ssme of whick are in the preee s
of mitotie division Occasional epithellal cclls (F) are also seen
Fig 8 1ymphoblast from thamus from mouse embryo The chromatin does not
show prcnounced peripheral clumping ot the nuclear membrane (compare
with Fig 3) Moderate am unis of rib s mes are scen in the cyloplasm
fartly as polyribosomes
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cell One or two nucleoh can often be seen The csvtoplasm 1s round
and can show small microvillh but no cytoplasmic extensions Ribo
somes occur m large amounts oflen as polyribosomes and are much
more abundant than i the fully mature thymocyte Mitochondrit
occur 1 moderate amounts s 1n the mature thymocytes and are often
small mensuring 0 2-06 4 1n drameler The Golsi complex s usually
not prominent

Vore differcntiated lymphoid cells The embrvomie thymus also
conlans Iy mphoid cells which are more malure and differentiated than
the Iymphoblasts All degrees of differentintion up to the fully mature
thymocyte can be cneounlered The stage of differenfiation has heen
judged by the degrec of peripheral condensation of the chromatin
which 1s most pronounced n the mature cells and the amount of rnibo
somes which decrenses with inereasing differentiation The number of
mmmature cells has been 1n maority in all embryvome thymus Jobes
and the more or less mature lvmphoid cclls have been seen scatfered
among the lymphoblasts

Eptthelial cells The epithehal cells conshiute the reticulum of Lhe
embryonic thyvmus as i the adult thymus They oceur mn the same
amount as 1n the cortex of adult thymus Pictures simular to the loose
medulla of the adult thymus where epithehal cells constitule a grealer
part of the cell populations are not seen The ultrastructure of the
embryome epithelial cells 1s the sime as 1n the adult thymus

Immature mesenchymal cells and macrophages Immature mesen
chvmal cells and macrophages with the same ultrastruecturnl picture
as m the adult thymus are scen also min the embryomic thy mus

No virus particles like those deseribed Iy Carnes (1967) have heen
observed n the embrvonie thymus lobes

Thymomas
Light Viieroscopy

The tumours present generalls A monomorphic histological micture
The cell population s dominated by the neoplastic ymphatic cells
laving denselv pached tosclher and sers few other struclures are en
counfered Some small vessels are seen and occasional macrephages
and epithehnl cells ean be observed 1in some tumours No structures
are seen to conshitute 2 strom i the thymomas sinular 1o the loose
epithelinl reticular stroma i the normal thymus A vers thin fibrous
capsule infiltrated by tumour cells surrounds the tumour tissue

The tumours have defimte Ivmphoid characler histolotealls with
round or oval nucler contnning one or two nucleol: and more or less
pronounced peripheral clumping of the chromalin The estoplism is
usually scant and well carcumscribed Only in the very low diffcren
tiated tumours n more pronounced pleomorphism 1s evident nnd the
1ymphord appearance of the single tumour cells losl
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hons shght peripheral condensation of the ¢hromatin The inserted Tield shows
siras pesticles w the pracess of budding off fram the cell membrane

Electronmicroscopy

Also at the ultrastruectnral level the thymomas are usually very
ansiorm

The differences oecurnin, can be corretated mamnly wath differcnces
W the degree of differentution Therefere the thymomns have been
groaped together according to their degree of dstfereniration and the
ultrastegeture of the tumour cells of twe groups cncountered for
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cell One or ino nuclech can often be scen The cytoplasm is round
and c1n show small nuerovitls but ne cyvtopiestue extensions Ribo
somes occur 1 farge amounts often 1s polyribosomes and are much
more thundant than i the fulh mnture thymoeyle \itochondirt
occur 1 snodertte tmounts as m the maiure thymoeytes and are often
smatt mewsommg 02-06 4 divmeter The Golyt complex 1s usuith
notf promunent

Vore differenfiated lymphotd cells The embriomie thymus also
contmns Ivmphowd cells which nre miore mature and differentiated than
the iy mphoblnsls Al degrees of diffurentintion up to the fully mature
thymocyte can be encountered The sta.e of differentiation has been
Judged by the degree of perpheral condensation of the chromatin
which is most pronounced m the mature cells ang the amount of fibo
somes which decreases with meresing differentiation The number of
mmmature cills has heen i magenty m al embryonie thymus lobes
and the more or less mature Iymphotd eells have been seen seattered
among the lvmphoblasts

Fputhelial eells The epithehal enlls conshitute the rehicutum of the
embryonie thvmus s 1 the adult thymus They oceur n the same
amount a5 m the cortex of adult thvmus Pictures sunilar to the loose
meduilt of the adult thymus where epitheliaf eells conshiute ¢ greater
part of the cell populalions are not seen The ultrastructure of the
embryome epithelial cells s the same as sn the adult thymus

Immature mesenchymal cells and macrophages Tmmalure mesen
chymal cells and macrophiges with e same ullrastructural preture
as m the wedult thymus are seen also in the cmbryome thymus

"o virus partieles ke those desenbed by Carnes {1967) have heen
observed m the embryomc thymus lobes

Thymomas
Light Microscopy

The tumours present generally 4 monemorphue histoloaen! pelure
The cell population s domsnated bs the neoptistic fymphatic cols
1avsng densefy pached together and very few other struetures are en
countered Some small vesseds are scen and oceasiontt macrophages
and epithehal colls can bo observed 1in some tumours No structures
are seen to constitule 4 stroma m the thimom s sumsdr to the loose
epithehial refieninr strema i the normal thvmus A very {lun fibrous
capsule mblirited by tumour cells surrounds the tumour tissue

The tumours have definite hmphowd ehartcler histologteatly with
round ot ovat nuclet contuning, one or two nuclol and more or less
pronounced perspherat clumping of the chromtin The clopliso 38
usually seant md wel arcumsenbud Only m the very low thifuren
tated tumonrs 2 more pronounced pleomeorplusm s evadent and the
lympherd appearmce of the siple tumour cells lost



4

4
i
Pl

X
(2% IR
b AR
St

& ?“."‘
¥

3
N

28
atn

d)‘

o N‘n "
,,P-ya‘»
a
5

ok

N

R,

Sy 3 i
P
Ny

-~
v
} o

“: 3 i.'
i "';‘Z‘,
¥

g, ¢

Te

4
o

T

1T,

= .5,";}: ;Li%

H The snelens
ne g rmineny

Tumoup cet
0% 3 characteriaty
nucte Tay TorT3UC Deripheral ¢ nge

cul: At tomplex 15 not prom
By :m ¥ 3parve bop g " some places diyd weelrn
O cells eeeanignat Y3s0somes are ohserved



512

In attempts to discover the occurrence of virus particles in normal
untrealed mice Carnes was able to wdentifs C particles n embryonic
thymus In the present sfudy, no virns particles were obsersed 1n non
leuhaemic thymus lobes either from adult or embryo spile of very
careful search for virus pariicles

SUMMARY

Thymus lobes from normal adult Co7B! mice and embryos and thymo
mas mduced by radation and sirus have been studied 1n the electron
mtcroscape In the narmal adalt thymus thymaocytes epithehal cells
immature mesenchymal eells and macrophages are encountered Occr

sional cosinophilic and basophiic granulocsies are also scen The
thymocey les have distinet peripheral elumptag of the chiromatta grving
the cell the charactenstic lvmphowd appearance This was evident
Also mn the lymphoblasts from the embryos though the lymphoblists
drd not show such a distinet and pronounced condensation of the
chromatin The epithelal cells wineh mahe up the loose retrculum of
the stroma of the thymus were chiracterized Iy the presence of tono

fibrils and d and I v The 1mmalure
mesenchymal cells and macrophasges often exiubiled a well developed
rough endoplasmic reticulum m addihon to small groups of Iyso

somes The ultrastructure of the tumour cells was generally very regu

Iar and stmular to that of lymphoblasts from normal embryos Occasio

nal Ivsosomes could be observed mn some tumour celis The amount of
rihosomes was larger in Iymphoblasts and tumour ceils than n nermal
thymocytes from adult mice Histological elassification into high and
low differentraled tumours was in the clectromicrosriphs seen lo
correspond to less pronounced peripheral condensation of the chroma

tin 1n the nucleus of the low differentiated tumour celis whereas no
parhicular differences were evident w the cytoplasm In one out of 1
tatal of sex virus mnduced thymomas virus parhicles of C type were ob

served n the cellular spaces and m the process of budding, off from the
cefl membrane In one radiation induced thymoma smmlar parlicles
were. observed mtercellularily and w the cytoplasm
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CORTISONE NEPHROPATHY IN THE RABBIT
The Effect of Warfarin Admuntstration

By

LE\NART RaMMER
Received 141 68

Daily injeclion of corticosteroids 1n rabbits gives rise after about two
weeks to well defined homogeneous lesions 1n the renal glomerul
(Rich et al 1950 Rosen ef al 1904 Bloodwarth & Hamuwt 1905 Wlens
& Stumpf 1955 Moran et al 1962 Wuson et al 1962 Ogulvic et al
1865 Rammer et al 1967) It has been shown by electrone microscopy
that these lesions are localized mamly within the lumina of the capil
laries and that they contan red hlood cells (Voran ef al 1962 Ogive
et al 1965) Immunohistochemical methods have revealed that the
material contains plasma constituents such as albumn globulin and
fibrinogen On the basis of these morphological studies 1t has been
suggested that the cortisone induced renal chan,es  the rabbit may
comprise a form of capillary thromb1 (Moran el al 1962) Conclushe
proof of this hypothesis 1s howeser still lacking

In a previous mmvestigation (R et al 1967) derable poten
tnition of the cortisone induced renal changes was oblamned by means
of simultaneons daily admimstration of heparin This effect of hepanin
seemed difficult to understand 1f these lesions id actually comprise
thromby In order to elucidate further the mportance of the coagula
tion process for the development of the cortisone induced renal changes
in the rabbit the effect of another anticoagulant warfarm was there
fore studied

MATERIAL AND METHODS

Corfisone 75 mg of cortisane acetate as a 25 per cent aqueous suspension (Cortal®
Pharmatia) was mjected mtramuscularly once daily

Warfapin Warfarin sodirm (Waran® N\vegaard) was [njected intramuscularly
once datly The dose required to obtajn a thrombotest Jevel (see below) of between
10 and 20 per cent usually lay between 1 and 5 mg daily As a control of the .In!‘I
coagulant therapy Thrombolest® (Nvcgaard) was used This test is sensitine ”ﬂ
depression of the blood coagulation factors 1 the prothrombin complex (f.mml :
NI I\ and \) which are affected by dicoumarol therapy For the lhmmb;s sl
getermmstions blood from the marginal sein of one ear was used ond anahsts

were made almost dally

4 Asarp
museular Injections of 015

benzylpenicillin procaine an

jon against i all animals were ghen daily Intea
ml of Streptopenin® (KABD) containing 200 000 IU of

d 025 g of streptomycin sulphate per mi
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Antmals 3° male albino ral Mts welghung butnecn 22 and 26 kg were used They
weve given 130 g of Ewos pelicls dmly and free access to water After 21 days of
isjections the amimals were killed by an overdest of 1.niothal sodjum® {Abhotty
given 1ntrayepously

Morphological Methods

Autopsy was performed ymmediately the kidne s and Jners were weighed and
specimens were frxed an 10 per cent newtral formalin Trozen sectlons were stalped
with Scharlach Rot and Sudan Black Parzifin ewmhedded scctions were stained with
e0sin haematoxyhin periodic acid Sehaff (PAS) phospholungstic acid haematovyiin
(PTAH) Wilder s retrculin stain and Longo Red For the quantitstive analy ses of the
hialine lesiops 1n the renal glomernh a PAS stuined 5 g hich cross seehion from
the central region of one 110ney fram each anumal was used Glomeruli contalning
hyalue material were counted and expressed ia per cent of the tola) number of
cotnted glomeruly 1 the section {approxmately 408-R00)

RESULTS

The ammals were daded mio four groups {Table 1) Durng the
course of the expertment one anunal treated with coriisone alone died
of pulmanary wfarction two anmals treated with hoth corlisone and
warfarm and one animat treated with warfann atone died of hiemor
shage from the sites of vempunciure Thus, at the end of the expen
sment there remaned 11 cortsone treated ammals 10 frealed with
corhisone and warfarin and 2 trealed with warfarin and also 4 un
treated controls Only these anumals will be reported on below

The Percent TABLE 1
e Percenfayey of Glomerult Containing Hyaline Lestons and th,
e W eight
Rudney and Liver in the Four Frperumental Groups Mean rem o
Group Annpsls Per ceat glome  Kidney weight Laver wey
ght
malowithlesiony giky badyweight  g/kg hodywerght
Cortag 1
23207 805 = 04°
%ﬂ:::;\\aran » 0301 855 2 040 '.1’:.&; i:’d)
Pl : ¢ 628 201 330 11
[ 533 % 037 2453 2074

an’flh:n]‘::h:-?sqzn 1he iwo cortisone treated groups were oedematons
e g 012 able 1) The weight of the hidneys per kg body weight
ety ;mup ga;nndﬁée;mfsgr;e group 8 uy = G40 g sn the corhisone
x\\\(t)\ns 43 2037 g l;le c‘onlro; fr:)‘:xplm narfann group compared
hsm“sm;:r;);coprc examimation of the kudneys well defsned hyahine
soon ¢ type desuribed presiousty (Rammer ef al 1967) were
o e e cortisone trealed animals (Fai, 1) Quantitative analysis

Tenal changes m the cortisone treated amimals showed that 23

=07 per cent of th
e
amumals trogted o plomerull exbiled hyalme lesions while w the

ith hoth corlisone and ef.
figtre was 03 2 01 warfaris the correspondimg,
B < DOOL) por cent This ditfercnce i< statutically sigmificant

33



Fiy 1
Clomerulus of a cortisone treated rabbit & rounded leslon
PAS

The livers in the two cortisone trealed groups were sigmificantly
enlarged (Table 1) and showed considerabie macroscopic and nucro
scopic fatty deposils The Iner weight per ke, body weight was 739 =
33 g n the corlisone group 717 = 40 ¢ 1 the cortisone warfarn
group and 320 = 31 gan the warfarm group compared with 2453 =
0 74 g 1n the controls

DISCUSSION

The fact that the renal lesions were inhibited in the present invesl
pabion by the admunistration of warfarin simultaneous with the corh
sone musl mean that cpagulation 1s necessary for their development
and thus sirengthens the assumption that they consist of thromin

The resuits of our previous imestigation (Rammer et al 1967) tn
which considerable potentinlion of the renal changes was obluned by
means of simullaneous admimistration of heparin howesver seem diffi
cult to interpret if this view 1s ta be accepted

The paradoxical potentinting effeet of heparin on the renal changes
might however be explamned as follows The cortisone therapy gnes
pise to mereased mobihization of free fally 2cids (FFA) from adipose
tissue which fact 1s mamfested n the form of loss of weight fatly
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nfilirabion of the Iner and extreme hpiderma Connor ef al {1063)
fonnd that myechon of FFA in the rabbat grac nise ig exlensie throm
bosis and Hoak ef al {1983) ohtained the same result after endopenous
rohthzation of FE& by mgection of ACTH The potcabiating cffcet of
hepann on the formation of thromb: could then he duc to the fact that
hegarn Lberates the enzyme hipoproten hipase {cieaning faetor) 10
plasma resuling 10 hudrotysis of the large guantsty of cireniahing,
tnlycendes and a furlher merease the plastin FFA concentration
The potentiating cffect of heparm on the coagul ion would therchy
pred te aver its lation indiiting achon
Severat findings indicate howcrer that furthur factors must aiso be
mvolked in the pathogeness of corhisone nephropathy in the rabbit The
cortisone mduced renal lesions ¢o not hove the same appearance as 18
other types of mtracamllary fibrin deposits m the renal glomerutt for
example sn the generahzed Shwartzman reaction or afier mjection of
thrombmn The cortisone induced lesions lack the typical paridhl ar
rangement of the fibres seert 1 thuse other condiions and have instead
an amorphous homogencous character The blue tone in PTASE stuntng
15 rather lighter than 1 ordmary fibnin thrombr In Wdition the corf
sotie induced lesions are roundid and completely fill greatly dilaled
capilartes while the other {ypes of thrombr fill out camllanes of
normal width Another dissimlanty lies t the time of mamfestation
and dwappearanee of the changes On injection of thromiun thrombo
plastin ot FI 4 for example an extensnve infr eapliany precipitation
of fibrn 1s seen witlun a Tes minutes and Yus fshrin disappears withm
about one hour {Saldeen 1986} The cortisone induced renal changes m
the rabbit do pot appear until after about 10-14 dnys therapy wnd
remam for 1 long peniod even alter the cortisone ireatment has been
’i’;z‘:ﬁ:glwd (Bloodworth & Hamust MWasi Thy nunal fstons mduced
one in the rakibit thus diifer from other forms of miravascular

coxsntation m the renal glomernh both as rega:
rds thet
md their course of development ¢ e worphotogy

“}gn:h?asnn why the changes disappear so slowly and perhaps also
ol lhmn‘; 153 d;ts)sxmxlan(;, i appearance compared with otlur fypes
¢015uhholn r‘nnly c that they are « result not anly of an ntrayascular
st n:u also of a reduccd cipacity for remaral of the fibrn
B wruuﬂn 1s‘nlxs for such a reduced capaeity may exist Fuestly Vasells
i o mb;:}z th?) showid that the endothehal cclis 1n the glomeruls
sted fom an: the capaetts of phagocytizing mntran ascularly depo
port of e o other particulate matvnal and they thus comprise a
N mme;culc—cndqlhelm system (RIS) After blochade of thus
thrombin or example thaorotrast a single dose of endotoxin or
T teamonu(cl(_d extensn thrombosts s in the generalized Shwartz
s ot dees o[” 1962) The same type of extensive thrombasss afler
et d endotoxin was obtamned when rabbits had been pre
"1 cortisone (Thomas & Good 1952) Sunee 1t 1s hnown that
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cortisone also gives nise to RES blockade 1t 1s possible that changes
mn the reticuloendothehal system may be of importance for the deve
lopment of cortisone nephropathy 1n the rabint

Secondly the delayed disappearance of fibrin n corhisone therapy
could be a disorder of the fibrinolytic system Too little 1s hnown as
3et however about the condition of this system either n corhsone
therapy or n intravascular coagulation for anv assessment of this
possinlity to be made

SUMMARY

Rabbits treated with cortisone for 4 weeks developed rounded homo
genous hyaline lesions 1n the renal glomerul: The development of this
cortisone nephropathy 1n the rabbit could be inhibited to a maor ox
itent by simultancous administration of warfarin indicating that these
changes are di dent upon a lation process The importance of
FFA mohlizalion and disturbances m the reliculo endothehal and
fibrinolytic systems 1 this connection 1s discussed
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QUANTITATIVE IMMUNOGLOBULIN DETERMINATION
Comparison of two Methods Estimation of Normal Levels and [ evels
in Persons Lacking Ig and 1gD
By
S G O Jonansson Crars F Hoovan and Jonas RILLANDER

Beceived 2311 68
Scparate deler Gion of the lobul

G A M mdDasof
great vafue for diffcrent purpos s ¢g m the dhagnosties of hyvpo
gimmaglobulinaemua and myeloma/macro.lobulinaeri: Sometimes 1
high degree of sensitivity 18 required of the method eg <when anu
body eluates or other fractions with exiremely low concentralion of the
respective immunoglobulin are to be tesled In other cases a too hugh
degree of sensitraty 1s onlv cumbersome and results in less accuract
The aun of the present paper 12 to report on some experiences gamed
with a lughly sensifive techmque the passne haemagglutination inhiin
bian techaique according to Boyden (5) as modified by ¥ ide (32) and
also wuth a Jess senmitive method the sk radial immunodiffusion
method of Mancint et al (23} * Furthermore the frequency at wlnch
lack of Jg4 and I, m serum 1s encountered n a population 1s reported
The concentratian of the other immunoglobulins 1 sera from the IgA
agimmaglobulinaemia patients has heen investigated

MATERIAI AMD METHODS

Sera from 83 1ndividuals hetween the sges of 20 2nd 70 and wuth an eyen sex and
se distribution were taken ta represent a parmal Swedish population They were
ound to be healthy according fo the ESR haemosiobm concentration urinary
'n:; ;\x\;mrs w1 h ta express their gratitude to Dr Lars Zinder who kindly sup
P t; lood samples from en examination of healthy people to Dr Lars Beck
P8 pad Provided the samples from homazygotic and heterozygotic twins to Dr
Me““nth for antisera and reference preparatwns and to Dr Rende Norberg for
P Rzztcl;‘zl":ll;onsl '{g;ssv;z?(lvofsa_sojl;p[m;l;: h;r_ grants from the Swedirh Ae
ouncil 16~ &I e Facult, Medieine Umversii;
“f Eppaaln Which ace gratefally acknowledged v of Medieme Grversity
1 The followsn,

abb
Toge ! P.mug’« reviations are used .
g‘;’sj = Single radial diffusion techmave

Phosphate buffered saline one part of 11

I Soerensen phosphate bufi
N BH 64 and four parts of 0143 NaCl salution e phosphitte bufer
RS = Normal rabbst serum
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protein and sugar test and on physical examination Al the sera were analysed
bs smmuaoelectrophoresis against a polyvalent mmmunoglobln antiserum One
serum contamned an M-component of the igG type and was not included in the eal
culatians Mareover sera from 397 bleod danars and 1401 pregnant women were
msestigated Finally 3 pattents who showed no siyns of hacmatological disorders
but lacked IgA were tested

Immunoglobulta Preparations

A punified preparation of 186 was obtained through the conrtesy of AB habi
{Stockholm) It was prepared by Laka leacticastian and DEAL chematageaphs
and as stored as a 12 per cent solution in 03 VI glycine For use as a reference
standard the preparation was further pursfied by gel filtration on Sephades £ 200

A purtfied preparation of IgA from normal sera was kindly provided by Behring
werhe AG (Marburg/Lahn Germapy) IgA was also prepared {rom two myelo
mataus sera by gel filtration and electrophoresis (71)

IgM was fsolated by gel filtration and electrophoresis (17) from pooled normal
serum and the serum of a patient with macroglobulinaemia Another IgM prepara
Hon was oblawned from a revemarroglobuhinaemia serum by reperted frecipitation
and dissolving

I¢D was isolated from a myelomatous serum by starch block electrophorests and
gel filtration on Sephadex G 200

The immunoglobulin preparations were hept at —20 C. The punfid products
showed no impursties ar cross reacting matertal (less than § per cent) when tested
b tmmunoelectrophoresis and agar gel diffuston techniques with anf{rsera agasnsi
normal human serum and antiserum specilic for the different smmunn lobulins

Most of the antisera uscd were prepared by the mmunization of rabbits With

tabulin p 4 abate (16) Some sera were obtained from
Behningwerke AG To render the antssera specafic absorptions were made for
anty IgG with the two Igs myeloma proteins and an Ig\ prepsration from normal
serum for antt Igd with serum from a healths person lacking 1A (LS) for
anft I3 wsth IgC globulin and a cord serum with low [<M conteut for anft I}
with serum from a healthy subject lacking IgD A specific antr IgD serum (\83)
was obtained through the courtesy of Dr D S Rowe

Fractionation of serum proteins by gel filtration and preparatne electrophnresis
was carned out as previously des rybed (21) The pratesn concentration In diluted
samples was d be ultrafiltration in coll bags Protemn concentrations
were determined as described previously (16) by the use of a modified Tobn
method or by absorbancy at 280 nm using as standard 14 0 for 2 1 per cont solution
m 001 M bydrochlorie acid and by hyeldahl nitrogen analvses lmmunoclectro
phoresss and double diffuston fn agar gel were carried out as described (16)

Stagle Radral Diftuston Techriqne (SRD) was spplied accarding 1o Mancinr ¢l al
(23) with some modifications One part of 3 per cent agar ( Spccial Sgar Noble
Difcod in 63 M phosphate buffer pH 80 was mised with one part of antiserum
usually deluted 1 20-1 40 1 014 At \aCl In the arar antiscrum Javer (F2 X €9 X
1mm) 20mm holes were cut and filled once ith 2 41 and for 1gD determinstion
tuice with 25 ) of a suitable dilution of each sample and standard The diameters
of the d zones were d Ined using a measurine magaitier
after {ncubatian at reom temperature for 18-24 hours for 1g0 1gA and 1gD and D1
18 haours for LM A series of four didutlons of a standard serum and a control
<erum were anplied in duplicate o ecach plate The ¢ neentration of the differeat
mmunogiobuling in the standard serum was separately determined using purifred
186 IgA I\l and IgD preparations as standards The arca of the precipitin zones
for the standards were plotted on a Jinear scale against the concentration A steaight
Tine was obtained Fach samvle Was run in duplicate If the diameter betacen
duphicate samples exceeded 02 mm the result was discar led

The Passu e llaemagglutination Inhibition Techmaue (P} according to fauden
(5) was used with the modifications described by Wade (323 To a dilutlon ol;thr
respectine anti Ig serum red cells voated with satisen were sdded The "Fh“t“
ton thus obtained was inhbited by standards an 1 samples difuted b serfal Gitee
tion By comnarine the end point agplutination nattern with that of a mn,'la:r
the concentratlon of lmmunaogle bnlin in the sasuple coul ! be calculated Details
the technique are ghen beloss A brief yeport was ghea in {19)
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Prepasation of red cells for the DII test An 8 per cent suspension of washed
human red blood cells blood group O Th negathve was collected in Alsever s solu
ton and mived with an equal volume of » 1 per cent solution of formal tehyde in
sshne adjusted to pH 10 (29) The myxture was incubated for 12 to 18 hours al
31 € After washmg four times with distilled water the eells were stored at i C
2s 3 20 per cent suspeasion In distilled water with 01 per cent sedium azide The
cells could be kept for at least one vear without any apparent change in their pro
perties The formaldehs de treatment was a eritical point in the PHI test The hlood
from some donors gave better formaldehyde treated cclls than did the blood from
other donors. The reason for this 1s not hnown Too short treatment resultel in
unstable cells and too long treatment in stichy cells causing false positine agglutina
tion patterns
Tanme acid treatment was applicd by incubating a 4 per cent suspension of
formaldehyde treated rud cells for 45 muinutes at 56 € with an equal volume of
tanmie aod diluted 170000 A 2 per cent suspension of cells washed 4 thincs was
Incubated for 120 mm at 56 C in the immunoglobulin solutions which contained
the following optimal concentrations 01 mg per ml for IgG or IgM and hetween
005 and 05 m, per m! for IgA After washung 4 times with PDS the cells were
stored at 4 € as a five per cent suspension 1o \RS diluted 1/100 with PBS
Performance of the PHI test Two prc dilutions differing in concentration 1 1°6
St prepared {rom the sample and the standard Starting from these tutes tno
“ss fol} dilution scrses sere made by means of a special svringe {for detals see
ide @ p 28) (s way one 126 fold (1001) dilution series was obtained
;“ ‘{C every second tube orginated from one of the two pre dilutlons Eight agglu
Ynating dases of antibody and 85 per cent coated Ted cells Were added fo cach tube
e st up for immunoglobulin determination consisted of the dilahion seres of
mdsaml; e and the standard and controls The positive control contained antiserum
pmﬂf‘;ihed ¢ells controls for unspecific agglutination contained coated cells sus
The ha\h 1 PBS and in the pre dilution of the sample but without antiserum
gm:lm?masglutmatmn patterns were read after 60-90 minutes The immuno
et Zﬂ:a::r:::‘;:;r:“na\‘:i s:;nlp‘:: ‘ga;slca!culalcd accordmg to the flormuln given
tubes berng equal ty o 1 10 diutn hlution series facilitated the caleulations 10
Ty~ T,
10 10

wh
conenarands for the ssmple and 3 for the standard € for the smmunoglobutin
once m P for the first pre dilution and T for the tube number 1n the dilution
S‘y;r't;d s:mm Ta avord denaturation of the protein used as a reference standard
Thes mnﬁ:gam,uns were emplored Foammng and concentration were prevented
Eloboln jomrds were applied to determine by the SRD techmque the 1mmuno
Serom "arcvels of a normal serum Sub equently this serum served as a standard
1quots were kept at —20 C Repeated thawimg and freezing were avorded

EXPERIMENTAL STUD)Y
Testing the PHI Method

I order to test the specificity of the antisera and 1mmunoglobulin

:\-’(lllcd cells serial doubling dilutions of each antiserum were prepared
l'(‘sulcle”s coated with 1G IsA and Ig¥ respectnely were added The
iy S of such an expeniment are shown m Table 1 They demonstrate
at the cells are only agglutinated by the homologous antiserum In
f‘(;l\ filtration experiments the distribution of each immunoglobulin
S“Bnlmnm by the THI test agreed well With resulls obtained by the
echiique the Quehtcrlony tests and the immuno electrophoretic
analyses Thus therc were no wdications that proteins wath gel filirn
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tion hehaviour other than that of the specific immunoglobulin interact
with the test Such experiments are shown i detail 1n 1 previous pubh
cation (21) Reasonable agreement between the values obtamned by the
PHI and paper clectrophoresis methods were obtaned when 10 different
sera with M components of cach of the immuno.lobulin classes G A
and M were tested

TABLE 1
Tatres of Anty Immunoglobulin Sera Tested with Immunoglobulin Cated Cells
Cells coated with Anti TgC Ants TgM Anti 184
1£G globulin 80000 <20 <
1gM globubin <20 20 000 <20
154 globulin <20 <20 2560

The senstnaly of the PHI method was calculaled from the lowest
concentration of the standnrd selution that caused complete intition
The mean salue of ten conseentne wmaivses for each immunoglobulin
was 1g8G 06 pg, per ml 1A O 1 pg per ml and IgM 0 5 pg per ml respec
tively By using 2-4 agglutinating doses of antiserum mnsfead of 8 doses
and taling 10 ml of the sample nslead of 02 ml 1t was possible to
increase the sensitinity by about ten times This however also inerensed
the determination error In analyses of undijuled serum and other solu
tions with high protein coneenlralion azglulination was sometimes less
distinet

The varnation within one experiment was caleulated from the diffe
rence belween duplicate analyses of the three smmunoglobubins i 2
normal populalion The cocfficient of varation (standard dosiation in
percentage of nmuan) was 195 per cent for IgG 227 per cent for IgA
and 19 3 por cent for Is\M The varialion between different experiments
was caiculated from the values obtaned for two control sera which
were delermined each time The coefficient of v iriation was 234 per
cent for anafvses of IgG

Tesling of the SRD Method

The speaihicils of the SRD method was tested Iy means of different
anligen preparation In no case were measurtblc quantities obtuned
when an anliserum plate was tested waith inhinens of another class of
immuno,lobulms The speaficits was lso vertfied i gef filtration
expenments (179

The antisera used gave the expected mmunoglobulin concentration
when purified 1,G mycloma proten of the four differcnt subjroups
were tested In a1 scrws of purified 12N and 1A M components there
was a good agreement hetween yvalues obtuned by the SRD techmque
and those obtuned by quantitative chemienl drterminntions

The sensitivaty of the SRD metbod was rugarded as the fowest con
ceniration of the respeetine standard serum that produced a measurabit
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preqiptin dish e hang 2 drameter 1mm grenter than that of the
sample hote In the set up for rowlne work and expressed s the m’_c'm
of ten analyses the lower hnut of delermumntion was for .G 25 8
per mi for IgA 14 pg per mi for 1M 58 5, per mb ang for Igh 27 pn
per ml By appheation of 5 pl of the snmple nsterd of 2 a0 the lower
hrmt of ¥gD determanalion was 10 py, per mi On apphication of undiluted
serun o the agar plates 2 now spealic  precipilia disk was some

mes obtuncd which was possthly due to the presence of lipoproteins
w the seram This phenomenon ® 15 fess pronounced af the phasphinte
buller was used (27) instead of the barhital buffer ongmally described
by Vanaunt et al (23)

The precision of the SRD method was deternuned by dublicate ana
1315 of 15 samples on the same plate from the same pre dijution The
coeffictent of variation was 5 1 per cent When the error was ealeninted
from the values of the eontrol serum shich was tested esch me the
coelficients of vanation were Tor 1gG (29 phaes) 97 per cont for Ig4
(16 plates) 72 per eent for 1M (17 plates) 7 € per cont 2nd for 1D
(13 plates) 14 9 per cont The hanh Digure for Igh was most probably due
{0 double apphcation of the somple in some of these tests and ta the faet
that many of the values were near the fower end of the stand-wd cune

Standard: ation of the Immunoglobulin I evel

The foltowing preparations were wsed as standards  two purificd
monomene 7 S I4G normal protemn preparatons (we purificd manome
e 7 5 1g4 mycloma protemn preparations two purified IgM [ compo
ments and ope purificd 12D myelomy M component The comparisons

TABLE 2
B of the ¥

Fevels in a Vormal Serum Using Standard:
from Tleee Different Laboratorvey ¢ Slandards

G

U . IgA e\
mg per
wom D TR owe REPS gy
Owy standarg 1190
~ 125 -

zi‘:n-‘i;r-; B 190 L 913 388 ltg‘s «§-J;

ndard § 1950 +60 174 +49 135 —f
) TABLF 3

LS

Lovlsasn, 1 the Passiwe Hnemagitutinal
Technrque (111} an@ th Single Radial Diffusion ngiytll::q:: ;ggé};hlbdwn

et Tgd gy
PHY
1B0F x 445
SAD 12 * o9 184 £ 59¢

04
153 x 693 P
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TABIF 4

Immunoglobulin Levels tn a Normal Swedisk Papulation

“umber 1sC Jer
of Ceometric  Arithmetic  gg Ceometric  Arithmetic  gp
samples  Mean ean Mean Mean
(x2sD} (Range) (£250D7] (Range)
20-35 vcars
men 12 119 1237 91 12 138 6
(720-1979]  (803-1764) {342-3661 (50 8-967)
women 1" 1160 7% 77 B 26 29
[765-1760]  (756-168%) (787-193] (87 5-185)
36-50 vears
men 13 1330 1387 219 165 181 13
[873-2030]  (1056-°210) [827-3271  (101-337)
women 1 3. 1354 340 177 170 fid
(§77-23701  ¢961-°037) [947-204)  (101-"68)
51-70 vears
men 18 1730 1740 7% 170 187 74
925-1630]  (874-1%88) 1805-360) (99 4-379)
wamen 18 1330 1355 15 5 151 B
1879-7000]  (910-1961) (603-413) (89 1-212)
Mea 13 1748 1288 237 118 167 8
[834-1869]  (874~9710) [57 4-382) (50 8-379)
Women 6 131 1359 295 119 39
832 2079] (756 1961) [699-318] (325-761)
Al 89 1281 1323 79 149 158 €0
182°-19731  (736-2210) (632-3501 ¢308-379)
IeM 1D§
20-35 vears
men 12 588 645 278 50 76 5
[2¢ 4-131]  (308-107) [14+%8] (1-179)
women 14 108 m 398 [ [ 3
[517-276] (543 159) (741351 (30-150)
36-50 vears
men 13 674 24 374 46 59 5
{741-190]  (241-170) {12173] (1918%)
women " 4 60 8 s
(314 2811 (370-27) (70-716  (31-196)
51 70 years
men 18 695 869 638 50 €3 5
{182-765]  (206-719) (1.3-183] (22 238)
women 1% 781 853 338 10 31 0
305 2001 (311-160) (17531 (1715
Men 1 654 749 197 51 5¢ H
[271-194)  (206-279) [13196) (19238
Women 1 » 41 4 3
[319-736]  (311-109) [16-131]  (17-106)
Al 89 770 884 134 49 61 4
126 4-"741  (206-2,) (s T (17238
These limits are esleulated via the log valu deler -

§ 1xD vafues fess than 1 mg ger 100 mt are v
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belween each of these paurs of slandaeds felt withmn the error of the
method These standards were used to delernune the immunoglobulin
levels of & normal serum Beeause of the nisk of detertonization of the
punified preparations during purificabion and storwe aliquots of the
normad strum was wsed s 1 stawmdard in the following Thas  styndard
serum  was further tested agmnst stand wd very from two other fabora
tortes As1s seen w Table 2 the 1,G I\ and one of the Igd values
corresponded well whereas the other I,A standard serum was much
tagher The reason for this descrepaney 1s not clear

RESULTS

Immunoglobulin levels in normal sera Comparalne mvesligahions of
serurn from 43 men and 46 women beiween the aces of 2D and 70 were
made by means of the PHI and SRD tests The lesels of 136G g4 and
1M are presented i Table 3 aluch shows an acceplably good correla
tion betaeen the two metheds \orcover the Igh lesels were determmed
by the SRD method
Because of the rather large error of the PH{ wiethod only the analy

tical resuits obtamed by the SRD method are reported m detad The
vesults are showe i Table 4 and Fig 1 The 146G 1nd 15 A concentralions

Mg p
9D mt
20004
1000 R
500
200
3 T wa
2 habt
g™
S
0
16
i )
5
LR B/ IS0 s g

Fig 1

G A M and B in men and wormen
1 daffe
men Trianples aod 1aterspaced hues  wopn.

Mean Tevels of serum 1
mmunoglobuling
362 groups Lircles avd straght hies
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ohserved i the sex groups and the a.¢ groups did not differ whereas
differences m Ig\ and IgD were observed In the age groups 20-35 and
36-50 the mean concentration of IgM was significantly higher m
women than in men (P<6 81} The mean IgD for women was signift
cantly lower in the ase group 51-70 than i the age groups 20-3.
(P<0 001) and 3b-50 (P<0 001) The frequencies of cases of undetect
ble IgD were 3 mien and no women out of 26 (12 per cent} i age group
20-35 3 men and 3 women out of 26 (23 per cent) m age group 36-50
and 3 men and 6 women out of 36 (25 per cent) 1n nge group 5170

Studies on subjects lacking IgA The frequency 1n the Swedish popu
Intron of deficiency m IgA (less than 1 my per 100 mi) wAas mveshigated
using the PHI and SRD tests and the double diffusion n gel technique
The methods were adjusted to delect concentrations above 1 mg per
160 mt In the sera from 3957 blood donors 9 (0 23 per cent) did not
contain detectable IgA In the sera from 1401 pregnant women 3 (021
per cent) lached Ip4

The serum concentralion of the olher immunoglobulins 1 these
subjects with IgA 2gtmmaglobuline mua 1s shown in Tahle § The mean
concentration of IgG was significantly hiher (P<0001) than in nor
mals Fight of the 16 subjects deficient i IgA also lached IgD wiuch
frequenes (50 per cent) 1s hagher than that in normal subjcets (20 per
cent) xd = 4954 p<005 Compared with normal persons the I
agammaglobulinacme subjcets did not show any si,nificant dufferences
n the IgM Ievel

TABLE 5
Immunoglobulin Concentrations tn Sera from Induiduals Lacking Igd

Age Levels in mg/100 m}

vears  Classification Sex - s 1ot
15 21 Healthy e 73 1470 118
BJ 35 Healthy 2 34 2550 98
EB $1 Healthy 2 13 1170 73
BR 45 Healthy 2 <1 2490 100
LB 20 Healths Fi 34 1810 79
Ly 20 Healths F <1 2020 11°
Bh 25 Healthy F) 2 1290 1
Fh 2> Healthy 2 17 1710 39
Jn 32 Healths I3 <1 1700 7
LY 29 Healthy 8 1 1770 &6
M Su 31 Prexnant 14 <1 1660 86
I Sa 26 Pregnant e 17 1580 7
s 21 Pregnant Q <1 1870 84
cs 38 High LSR & <1 1790 118
Rt 63 Llcus variec sum E) <1 1960 97
Lt 62 Asthma 3 <1 180 81

Anthmetic mean = 1 SD §7£198 1747 £5%2 s

Detected in other laboratories Not included in the frequency study
4 Detected in routine Investigation on paticats Not Included In the frequency study
$ 1gD salues less than 1 mg per 100 m! are not Included in the caleulations
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Studies on subjects lacking 1gD In the healthy persons the frequency
of gD agammaglobulinaemsa (less than 1 my per 100 ml) was 12 per
cent 23 per cent and 25 per cent 1n three 1.e groups As prevously
mentioned 2 higher {requency o0 per cent was observed 1n subjecls
Iacking IgA In order to imvestigale 1 possible senetic influence the Igh
level was determuined i 56 pairs of monozy,ohic twins and n ol pawrs
of dizygotie twins The frequency of 1,D defieney wis 16 per cent m
{he monozygotic twms and 19 per cent in the dizypotic The difference
Between the 1gD lesdls of cach paw of twins was ploticd In the mono
zygohe twin group 72 per cent presenled 2 difference of 2mg per
100 m or less whereas the corresponding Digure for the dizvgpolic twin
group was 57 per cent A more detuled study of I,D and of ymmuno
globulins 1n twins will be reported separately

DISCUSSION

With good antisera sufficiently absorbed and with appropriate controls
both of the methods tested gave speaifi results The PHI techmque
was ghout 50-150 tumes more senstwe than the SRD method and the
results more rapidlv obtamed but the determination error was about
2-3 times greater Consequently the SRD techmique was considercd
more suitable for quantitative delerminations of 1mmunoglobulins G
A [ and D 1 the concentration range usuallv of interest for chmical
diagnosis
Compared with the method onginally described (23) some simphifi
cations of the SRD techmigque have becn introduced Although this re
sulted 1 a defermnation error greater than that reported by Vancta
¢t al the techmque was more suitable for climeal routme The PHI
technique 15 of great value when Ingh sensitialy s requred It has
been used for the determination of different immuno,lobulins on anty
}.);gs coated cells and 1n eluates eontmnng antihodies (15) The fact
llo“Sno(n specific reactions were somectimes obtained when low dilu
mma\? scr;\x‘“ were tested made the method less useful for the deter
c‘m“:&\{o oW concenirntion serum protems than could have heen
oate ‘;::na:‘hz‘}:l?h sensitnaty of the method as such Recent studies
11
b ﬂ}l’ﬂre ot e l;xu(s)r;us:l;xos:znc radio immunolosic technique may
nd’fmes l_ﬁrr}:cnl report deals with normal smmuno lobulin levels n
clsow here (:gntcnlralmns m children up to five years of 1,¢ are ,iven
Show & fopn : Due to the fact that ihe biologieal variation does not
are cuncerl;ez\l lg‘:‘:mssmn distrihution especially as far as IgM and IgD
from the o oe lhe mean and the standard desintion were also caleulated
e tn s\nr;:d; mic values The geometrical mean and the anhilog for
o g tho e, rd devialion limils are presented 1n Table 4 and seem
TeD taly oy st realistic it for chimical use The levels of IgG 1M and
With those reported by other authors (3 4 6 7-14 20 22
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24 20 27,28 30 31 33) A companson helween resulls oblamned
some laboratories has been published by hohler & Farr (22) Bulter
worth et al (6) have r~centhv demonstrated that the 1z\ level 1s the
same 1 hoys 1nd .irls before puberty but 1s subsequent!y ligher m
females In the present mvestisation the IgM level was found to be
hgher i women of ferliie age but «fter the menopause it was the same
as i men (see Fi, 1) These findings masy indieate a sex hormonnl
nfluence on lhe regulation of immunogiobulin M

The normnl concentration of IgA vanes more in different reports
This may be due to the well known difficulties in preparing a good
reference standard (20) The normal lev~l reported in the present paper
agrecs with the levels stated in (8 25 28) Itis well hnown that healths
persons may lack detectable amounts of IgA (26) However only few
reports concerning the frequency of this defeet have apparently been
published (2) In the present study the frequency at which lack of Igd
was encountéred (1n 0 23 per cent among, blood denors and in 021 per
cent among pregnant women total 0 22 per cent) 1s somewhat by her
than the frequency of 0 14 per cent found by Bachman (2) The
creased concentration of IgG n the cases of IgA agnmmaglobuhnacmia
mn3 be the result of a compensatory mechamism \o cause 1s known to
account for the increased frequeney at which lack of detectable Igh
concentralion occurs mm persons with Igd agammnglobulinaemin It
mav however indicate the prosence of a common control meehanmsm
of the immunogiobulin svnthesis It seems s if the distnbution of the
IzD levels indicales the existence of Iwo pepulations one with conecn
{rations below 1 mg per 100 ml and onc with a geometric menn of 49
and 1 lower confidence hmt (mean minus 25D ) of 1 5 myg, per 100 mi
This ndicates a possible geneic influence Further support for tins
nlerpretation was obtamned n a preliminary study of twins

SLMMAIY

Quantilalne delermination of human immunoglohulins has heen made
with the a1d of two methods A passne hicmag futination minhitron
techmgue {PHI) md 2 smide radrd diffusion techmgue (SRDY The
PHI test allowed estimation of immunoglobulin concentrations as low
as 01 ug per ml the corresponding fipure for the SRD test was 14
per ml The cocflicient of vanation of the PHI test was about 20 per
cent 1nd that of the SRD test about 5 per cent In climeal Iiborafory
routine the SRD techmque 1s more suitable for 2 determination of the
immunoglobulind G A M and D nd in other instaneds when cxtremely
high sensitiaty as pot nguired Tor the latter purpose the PIT test
1s nseful

1n 1 group of 89 healthy persons selected as representing a normf
Swedish populabion the following immunagfobulin fevels were ob-
tamned The values are presented as anthmelie and peometrie means i1
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hnne
er 360 mi with confidence luads c‘prfseod s =2 51 Argdl

:’:ﬁu};s 150 1323 (7p5-1881) 1gA 158 (37-279) 7:at4 85 41 (;364;]5,7\ :;y;g
1253 61 (9-155) Ceometnie satues faG 1281 \Ys.i.:‘a } Iw
(632-350) g\ 770 (26 4-224) and fgD 190 (15-18 7) "

The mean IgM congentralion WS sigmfreantly 1gher i women thin
i men 1R the age g ronps 20-56 T wonun '0&:: menn 36T concenidion
wrs stpmificantiy foner m the . group 51-70 comprred wath the st
sroups 20-30 and 36-50 The aumber of somen with non-dilcetabk

cased with merasag 24¢

Xq‘;r‘x?;r:qfinc) of non dc(ec\nme TuA was 9/3957 4823 per el
among blood donots and 8/2301 (0 21 per cent) amon,, propnant women
{total 092 per cent) The coneentrilion of 16 was ssgmficantly Tugher
1 the subgects with 1p 4 agamm wlobulimactun than i noraeal persons
Eaght out of 16 mdimdusls ek, IgA were dehont atso e delud
able 1gD a frequency which was Tugher Y Wt normls (20 per
cent) The possthality of = copumon coirel meehanam w the synthess
of TzA 1nd 1gh was postutated This was supparted o some extent he
~ stui of 12D i monozy gotic nd dizmvpetie thans
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PRODUCTION OF
ANTIBIOTICS BY EPIDERMOPHYTON FLOCCOSUM

2 Meroflora 1 Tpudermophyion Infected Skin and is Reststance o
Antibiohics Produced by the Fungus

By
ALE WALLLRSTPOM
Hecerred 24 b B8

Opimons differ 1s to whither anhinotics oceur i nature @ ecologendly
stemficant amounts The lach of unansmty 1s probably due munly lo
the duffsculty 1n demonsirating these substances 1 low concenirations
1 he natural  tuerocnuronments  of the myerobes and consequont
discrepancies butween the results obtamed by different mnestigators
The production of wder alit ghotoxn, chioramphenicol, acftmomvem
208 gnseofubun has been demonstrated 0 stershized sodl wocnitted
with anbinolic producing strams (Brgn 1927 hut m soM comamng
not only the antibiotic producer bint also normal muerofiora such ex
perments have as a rule been unsuccessful Wright {1954 18b)
howerer demonsirated that ghiotoxm was formed locally 1n buried
fragments of plant debris and ulsc demonsirated the substance wm un
stertlized sotl enniched wath other organie material such 2s clovermeal
Antsbsoties from plant parasites {patuln alternanie and fusan acd)
have been found n affcoted plant tissue (Brian 1997; 1 has been
posindaled that prrasiic micre arganisms produce anhibiolics m kuman
tssue e g by Aspergrilus fumgatus in putmanary aspermitloma tSegre
tam 19621 but supportue cvidence appears to be lacking The forma
tion of inlibwoties n vilre does not necessartiy mean that such produc
Gion occurs also i pwo In piro Pseudomonas aeruginosa forms
mocyamn which 18 actne against wfer aliz slaphviococur but m mixed
‘1‘}3[;;“0“5 the two mierobes are clatmed to et synergistically (Crmimbt
4

Pattents with dermatomscosis are farly often alfergic to punaithm
{Lormua & I euns 1946 Gotz & Thies 1932 Blum & Dell ech 1066) Pech
&Heuntt (1945) showed that dermatophytes espectally Trichophylon

phytes form a ke substance i witro In & laler
pulilication, Pech (1900} staed {hnt this explains the mechamsm by
which dermatophiions may mduee 2 Positive pemicithin test O of af
3
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(1855) and Cole (1966) showed that strans of Trichophylon menta
grophytes as well as Epidermophyton floccosum mn shake culture were
able to produce several kinds of pemcillin tnler alia pemacilin G I and
dihvdro F In 1 later paper Ort el al (1957) reporled experuments n
which preces of ¢pithelium infected with dermatophyles save nise lo
zones of mhilntion m plates moculated with B subtiis When pom
cilinase was ndded to the substrate the zones were smaller or did not
occur These resulls were obtuned in «xperiments with Trichophylon
ophytes and Epwlermophyton floccosmm 1 expertmonts with
Trichophyton violacetm no zones of ihibiton appearcd
In 7 previous insestisation (1 allerstrom 1967) 1t was shown that
cuiture filtrate of Lpidermophyton floccosum contans nol only pem
cillin but also an umidenlified antibiotic which 1s distingwishble from
pemiciilin on ats anhibiotic speetrum Since resistance to the latter anh
biotic (helow called TPF = Fmdcrmophston factor) proved to be rare
amon,, staphylococer from chnical materal a1t was deuded to study
the susceptibility of those staphvlocoeer and micrococer thal could he
cultured from mvceotic foct due to Epidermophyton

MATIRIAL AND METHODS

Vaterial

The material consisted of slan scrapings from 37 patients where previ us or
symultaneous culture had given growth of Fpidermophyton flo cosum The clinical
d1agncsis was tinea ingumalis i 27 of the case  tinea pedis wn 7 tinea cory oris
n 2 anyd tinea manu 1 1

As ntrols were used crrrc ponding spectmens from 3% persons which werc
examuned on chinical suspicion of mycosis but 1 whom culture for fungr had given
na growth of dermatophstes Twenty of these (a series stedied with a view to
cstimating the frequency of tinae pedis in a group of military recruits) were e
examined 12 davs later with a new culture and 10 of them a third time within some
further weeh All these cultures proved negatne for dermatophytes The samgles
from these recruits had becn obtained from the tse webs In the remaining, contr Is
the material had been obtained from the groin mn 3 from glabrous skin in 2 from
the foat 1n 5 and from the hand 1n 5 The mcan age «f the patients in the Fpi ler
mophyton group was 238 vears that of the controls 962 vears

Wethods

Cultivation and examination of bacterta ®% sjwimens of skin seropings from
lesions due to Fpudermehyton floccosum were cultured for bacteria immediatelv
after their arrinal at the labsrators The remaining 13 1 ecmens were cullered for
bacteria after culture for fungi had proved posilive The interval between receipt
of the specimen and the culture for bacteria neser excecdel 14 davs As to the
control material 73 <pecimens were cultured fcr bacteria immediately and 12 n t
unhl culture for fungi had proved newative e after 14 lays

The samples were wnoculated into bsth solid and liquid melia All frowth was
analvse | according 10 comventional hacterivlogical principles Corpneb s tesium spr
were, howerer excluded from the investigation (see under Discussion) € lenies of
staphylococer and microetcci to be tested for susceptibility to antif fotics were taken
as far as possible fr m gr wih on s Lid medium and only if the numler of ¢ lonfes
was small was the growth e liquid medimm nsed Depeniding on the numler of
staph lacoccus like colonies 3-10 colonfes frem cach sample were examined (me lian
salue in the Fpidermaphyton material 84 and in the contrel material 83) —The
ns tendency to spread to other aress <f the «kin was stuticd in o

121 1roi;
resistant S he actual micotic ¢ of as well as from an

few cases by culturing material from ¢
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ected greas (nuse awilla sternal region ao) and the focd were sepeatedlv ex
:ff.mid fzor srowth of fung: and hrcteria ducing treatment of the vl\imiis e tobe

Staphsloioccus ke strams wese examined for coagulsse activity in the lu ¢
con wlaty 1 tests and for thar vapasily g; f::rr‘ncn: ﬁlumse By culture on speesal

5 ow) In anaeroble jar st or 2 days

mcl;hl“::m(me:f:;;’ ul’(he suseeptibifify t¢ FOF ant penieilln AR 15 lates of bacleriz
were tested for swsrepibibty to FPT by 2 plate diffarion technique  eylindrical
hofes  mm In dizmeter were punched out am plates Inocutated with the hscteria
ta he tested and the holes were then fiiled with culture Dltrates of a standard
stram of Eprdermaphyton (test strain e Wallerstram 1987 The inhibvhen
20mes were Toeasured after 17-°0 hours incubation 11 the plate at 37 G With a
selesence strain OF Staphylseocens afbus the ytandarid filtrates produced {ndubitian
zanes af 30 mm in diameter

"The yusteptibihity af the bacterta to pennillin was studied by means of an agar
ftosion tewt performed with paper disks contatamg 20 10 bensn penteithn {sup
plied by 8 tegrsha 1, t herollnsha Sjukha 3 {Fricsson
1960} Gale part of the material was tested Dre vasceptitily to peniedlin fstrains
trom 3 indnaduals @ the Fptlermaphylon matenal and 23 of the contralsY

s robes gfving tones more than 15 mm fn diameter were slassified as senuthe tn
EFF fsee g 1 and text under Resulls) to Hin way «k d
as fallows zane 5-11 pum == ressstant, zone 12.70 mm = shichtly scasithe zone 2138
wm = m derateh senwlive 2ine 31 wm or mare = senuthve The torm
seasilinfts 13 (0 be yndesstoad 2 ceststant ar slightly sensitue

Production of Fpttermaghyton [Hltcates brom each of the 37 Fpulerme phylon
steairs isolated from the symples one or sereral shahe cullures In hes th were pre
vared with 2 techmume destnibd tatlier (Wallerstrom 1977) The fitrates of the
standard stramm were produced m the same was The hroth was Hillered through s
Ser z Eb wod the filteates were studied for thew effcet on the reference staphalo
crceus In 14 cases hacterta from phyl)a lesions were bath wath
Gltrate of the standard stram and v th Oltrste of the fungus Cound m the same
mseal speemen

Media for calture of fungt Each specimen was fnoculated tn ene agar plate con
tamag 4 per ceat horse blood and on twn plates with Saboursud medwum {(Oxad)
oge { which cintasmed 81 por cend eyelofeximide AN of thest medta caplmned

81U puns Thin 9 50 g of streptomscin per ml

W dia far bactertal culture The sohd medwim ¢ nsisted of agar platés contaming
¥iood Agar Base N 2 (Dvakd) and § per cent Yorse blood the Diuid medsum of
tryplon broth 81 per cont thieglyeoliate DST agar (Uxosd) wax used in
tesy for to antibiatics In the extimation of the capacite of hacteria
to ferment glu ose (used for the purpase of dtstranurshu

ag staphiviococe: from miceo
ot} u e was made of 2 medium of the following composition

deereased

an frade peptos water (Ovaid) g
glacase o

agas . 10 g

ot e dsstilled water 3000 ¢
{lineenl data of Epelermaph

phyton infected indiamdials The hospital records and

;‘q‘l‘\r iwnformation from the patients dictirs were studted Fop rach pateent wr:s

b :nl) ::;‘slne of the myvotse Jesion as well as {fs extent and daration the presence

pucrabids) lacsl freatment grsen {antibactersal antimye e cortss
derativess snd the patient s 2g and accupation, > o

RFSUITS
lefuntion of the Term ‘Resistant’ to EPF

d“!\'\ .;lnbt s pubhcation « W allerstrom 187) hacteniaf strawns with
whibilion zone morc than 1o mm in diymeter were wintrandy de
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Fig 1
Sensitivity to EPT of staphvlocecct and mierococei from Fprdermophylon lesions
and a contrcl material Distribution of zone diameters jn agar plate diffusion test
Filled eolumns  struns from the Eptdermophyton material
Blank eolumns stralns from the control material

siLnaled  sensiine fo I'PI The mean value of zone diimeters for 30
staphylococeal struns in this study w1s 27 4 mm (range 24-32 mm)

184 colonies of staphylococel 1nd micrococer from the control mate
r1al and 206 colomes from the Fpdermophyton malenal werc tsolated
nd their susceptibilily 1o CPE was ddtermined by the plate diffusion
method The resulting zone dinmelers are recorded grapheally inTig 1

It 1s elear from the figure that the distribulion was bimodal a zone
diameter of 15 mm bein, well below the men v ilue for the staphylo
coccr and micrococct tested

Frequency of Microbes with Decreased Sensiunty for FPI and
Pemctthin 1n Mycotic Foet Caused by 1 pdermophyvion
Among the 37 specimens from mycolic focr hacterial growth was ob
tuned 1n 36 In one case prowth was obtaned of 7 colt onls and in
one cse of enterococer onhy The remmming 33 enllures gase grownlh
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of staphylacoctr apd/or MICTOCOCE Twehe tases an addition gave
gronth of vanous yensts frum neg Wise rods enferococer and non hac
malyite streplococer

TABLF ¥

Wicrabial Fi: a Shin Spectmens from Fpidermophslon 2afected in fr1 Juals
e (“;:::x:fmalmﬂ after Susceptibiity to EPE and Pencithin

Staphglacacer and microcoect Ao of pulients
Reswstant to EPF seasitivaty lo 3
pesicillin decrensed

Cthes smicrobes

gram negathve rods {*)
gram negathe rads si
sreptoccect (1)

gram wvegative rods
streptocoref and

aasts (1)
Reststand to EPF moderately senst 5 gram negative rods (1)
e or senmbive to pealedlin seasts (1}
Senutwe to EPF senswthuits to 4 enterococey and
pemollin decreased veasts (1)
yeasts (1)
Sensuwe to EBF maderately senst 7 gram negatne rods and
the ar sensttive to penieiltin yeasts (2)
yeasts (2)
Reslstant to EPF suscepbsbility to 1
gemsilbn ot weestigated
Sensitive to BPF susceptibility to 3

pentallin nat investigated

ha stephylococet ar micrococei fouad 2 enteroeocer (1)

gram negathe rods (1)

Figures fn brackets represent pumber of cases

EPF remstant staphylorocer and/os micrococes wers found w 19 out
of 31 {55 9 per cent)of the sf 5 from ts vath Eped phy
fon wfechions The susceplibihiy to perucrihin was stuthed 1 29 cases
17 (58 & per cent) strmns of these bicleria were found that showed
decreased sensitnty to peuetin Strans with decrensed sensunaty to

both EPF and perucitiin were found mn 13 among 29 patients (44§ per
centy

Corgidase postiie staphviococes were found :a § patients coagulase
vegalive staphvlococar m 27 and mcrococes o 30 Tuelve enlfures con
famed mote than one of these specics of bretena and 15 more than one
siram of one of the speeies e struns ddiering from one another m
susceplishty to I PF and/or penmicithn

The {requency of sirmns with Setreased sepsitiaty to peouelltin was
toughty the same among the coagulase positive staphy lococer as among
the coagulave negatne and microeoces \one of the 5 congulise positive
s\rlau;s was resisiant to OPF

1 8 cases cullure for fungt gave growth not onds of Ept
But 1dsa of senst hike fanay (Candida nlbicany € sp:rﬁﬁ:ll:::mghzfg;t
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lermondt and others) FPF resistant strains of staphylococer and micro
cocer were demonstrated 1n 2 of these cultures and in 3 of them struns
of these microbes that were onlv shahthy sensitive to penserllin

In 8 cases enllure gave growth not only of staphylococer and micro
cocer but also of gram negatne rods (E coli, Enterobacter sp, Achro

bacter sp Pseud, aer } enterococct and non hacmo
Ivhic streptococet As expected from the antibacterial spectrum of I'PF
(Wallerstrom 1967) these bicteria were resistnt to this antibiotie
The frequency of LPF resistant staphilococes and muicrococer in eul
tures with sumultaneous growlh of other EPF resislant bacteria was
not sigmificantly higher than 1 the rest of the F prdermophyton mate
nial (Table 1)

Amon,, the 22 cases which harboured staphivlococer or microcacer
with deereased sensitinity to FPF and/or penterlllin stramns which werc
sensilive {o both anhibioties were found 1 addition 1n 14 In & cases
were strams wilh decreased sensitinily to TP and pemeilllin found
together with strmns with decreased sensitinats {o only one of (hese
ntibiotics

Filirates from 14 Fpdermophyton strans were tested wgunst the
bacterin 1solaled from the sume clinieal speeimens as the fung m
question In no nstance did the results differ from thosc obt nned with
fiftrate from the standard stran

Frequency of Microbes with Decreased Sensttunty to FPF and/or
Pentcdlin in the (ontrol Malerial

Among the 3o culturcs from the contrel materiyl growlh was ob
tuned 1in 32 Onec sample confained onfyv cogubse positive staphyio
cocer All the others contaned coagulase neg itine staphviococer and 16
of these samples guie growth of micrococet too In 17 casts varous
seasls gram ncgatine rods and enierococet were found mn addilion

I'PF resistant staphvlococcr and/or mictococer were found mn 4
wnong 32 mdnaduals (125 per cent) The susceptihihty to pemetllin
was studied in 22 cascs and 1n 4 (18 2 pur cent) strns of these hacte
nia were found that showed deerensed sensitivily to penicillin All of the
strun with deereiscd sensitinaty 1o both I PF ynd pcmestlin Al of the
1 PF resistant strains and 3 of the 4 struns with decreased sensitivily
to penteillin were found in those samples that dorsved from military
recruts

Lulture of contro) malenil for fun,t g0 no growth of dermalo
phytes but in 16 cases growth (usually seanty) was obtaned of yeast
hke fungt (Candida parapstlosis C gmillermondt  Torulopsis  and
Trichosporon spp ) All of the 4 1 PI resistant slruns and 2 of the 4
strains with decreascd sensitivils to peructllin derived from saumples
that hud also given growth of sveastlike fungt
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TABLF 2

terial
Vicrobial Flora in Shin Specimens from the Conlrol Ual
Classiftcation after Susceptibilily fo EPF and Peprcillin

Staphplococer and micrococer \o of patients  Other microbes
Resistant to EPF moderately sensi 4 enterococer and
tive or sensitive to pemcillin seasts (1)
veasts (3)
Sensitive te EPF sensitivty to 3 yeasts (2)

pensciliin decreased

Sensitne ta EPF moderately sensi 15

enterogocar (1)
tive or sensitive to pemerllin

enterocorc: and

yeasts (1)

gram pegative rods and

seasts (?)

veasts (3)

Sensitive to EPF suscephibihty to 9 yeasts ()
penzeathin not wnestigated

o staphilococer or M rocoers found 3

Figures in brackets represent number of cases

EPF resistant bacteria other than staphvlococet or imerocacet (E colt
Achramobacter enteracacet) were found w samples from 5 ¢ases 4 of

which also gave growth of yeasts (Table 2) EPF resistant staphvl
otoces were found m one of these samples

Sensitwnty of Microflora to EPF and Pemeilhn in Relalion
to Clinical Dala

Staphvloeocer and microcoect with decreased sensitiuty to EPF
and/ar penicdhn were equally common n tinea inginalis as o tinen
pedis As to other forms of tina the cases were too fow to warrant any
conclusions 1esardmg the frequency of resistant strains The frequency
was found to be the same 1n mveotic focr that were small (described as
beng the size of @ com) As 1n those that were as large as the pilm of
the hand or larger

The occurrence of LPF resistant staphylococel/micrococer was found
to vary mersely with the mterval after the onset of the svmptoms of
the mycosts The matersal fell 1wt two groups one where the mterval
was only 1-6 wecks and one where 1t covered several months or even
a year or more (Table 3)

Among Lhe cases 1n which the mycosis had lasted for 6 weeks or less
the frequency of EPF resistant staphylococa and meracaces % as sigm
ficantly higher (75 per cent) than among the long standing cases where
such struns were found 1n onlv 1 case out of 9 The frequency of strains
wik decreased sensitiads to penicillin showed the same tendencv but
the difference was not significant (Table 4)
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TARLE 3
O currence of EPF Resistant Staphplocoeer and Micrococer tn Fpidermophtton
Infected Skin n Relation to the Interval Since the Debut of Symptoms

Duration Total number EPF res. No EPF res
of patients strains strains
6 weeks or less 20 15 5
3 months ore more 9 1 8
(Inter al unknown 5 n
PLON
TABLF ¢
Occurrence of Staphyls and i with Slight S ta Penresilin in

Fptlermophyton Infected Skin 1n Relation to the Interval Since
the Debat of Symptoms

strains with Strafos with
Total number decreased decreased
Duration of patients sensitu ity sensithity
found not found
¢ weeks o less 17 30 7
3 months or more 7 3 4
(Iptersal nnhoosn > n
0% <P <Ot

The patients 1n whom the condition had Iasted for less than 6 weehs
were vounger (mean 20 0 sears) than those in whom the condilion haild
lasted longer (mean 33 1 vears} The material sould not warrant am
conclusions regarding the effcet of any of sex and occupalion

On culture in miro with the technique desenbed previousks (W aller
strum 1967) the Eptdermoplylon strans were found to varny widely m
thete capacity to produce PPEF o carrelation between this capaails and
the appearance of T'PF resistanl microbes i the lesions produced bt
the fungus (Table o) was found

TABLF 5
Comparison belu een Fpldermophston Slramns Actictly 10 vitro against Staph albus
(Refesence strawn) and the Occurrence of FPF Resistant Staphplococei/3Microcoeel
tn the Myeotre I esions Cause 1 by the Same Fungal Straias

Antibacterfa) actisvity of EPF resistant strains  No FPE resistant strains
Dltrate Number «f cases Number of cases

Migh 2 s
(zone diameter = 30 mm)

\Moderale " f
{zone diameter 21-79 mm)
Y € 5

(zone diameter = 20 mm)
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‘The hacterial flora outside the mycotic foct was exammined 1n 3 cases
Samples for culture were taken from the axilla or from the nose and
sternal region and 1n one of the cases a patient with umiateral mycosts
of the foot from the contralateral foot Staphiylocoeci OF mICrococet
were drmonstrated m most of the samples bul no resistant stram of the
type found 1n the fungal focr were demonstrable except for a single

finding 10 onc out of three samples of the resistant stram in the py
fient s healthy foot

pISCUSSION

FPF resistant staphylocoeer or mmerococet were found about 4 times as
often 1 ples from Epider infected shin as in samples
from control material and strains with docrensed sensiingy o pem:
citlin about 3 tumes as offen 1s 1 the controls the dference 1s sigm
ficant n both cases (P20 01) Strains with decreased sensilinty to both
EPF and pemaithin were found i 13 of the Eprdermophyfon infected
wmdnidnals but not at all among the controls which also makes a sigm
ficant difference (P<0001) The resulls sugeest that FPF 1s produced
by Fptdermophylon 1n 1ts natural environment and that 1his s yaha
also for the perucilhin ke substnce

The frequency of microbes with decreased sensitinily to CPF and/or
pemeiilin thd not rary with the site of the mncotic focus or its abeolute
exient On ihe other hand the frequency of FPY resistant staphvlococes!
micrococel was sigmiicantly lower 1n cases of long duralion of the
mycos:s than in cases which had lasted only for a few days or wechs
Mo satisfactory explanation ean as yet be offered for this phenomenon
The average age of the patients in whom the condition had persisted
for less than 6 weel s was sigmificantly lower than that of the rematn
ders Antibacterial treatment wilh reduction of the bacterial population
may hase played a role and at least § out of the 9 patients who hid had
the disease for a long time had recemed such treatment (the eorre
sponding figures for those who had had the disease for a short time
were 5 and 20} OR the other hand follow up showed that resistant
stramns eould persist for up to 1 month 1n spile of combined anhbacte
rial antimycotic treafment —The disappearance of resistant stramns
might b explaned hy the assumption that EPF s anhyemeally asine
and that m skim mfected with fung: the substance 1s actnated by an
antigen antibody reaclion Animestigation of this possihlity 15 planned

The poor correlation belween the occurtence of LPF resistant sta
phylococer/micrococer and other FPF resistant microbes such as gram
negabive rods mav be due 1o the smallness of the material hut may also
be connected with the fact that the Jaller bactena are transients

which oceur 1n the shan in smaller numbers than
1 “
ococer (Aligman 1965) an the resident” staphyl

o cotrelation was found between the aceurrence of staphylococes
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or micracocel With deeresed sensitmaly to T'PE or pemerlhin ind Lhe
occurence of fungt other than Fpidermophylon which rules out any
effect of hspothelic antibiohie producers among the Jatier

The conirol material did not consist of symptomless indiaduals but
of persons from whom samples had given no srowth of dermatophyics
In afew eases growth of Canduda parapsifosts or ( andida guiltiermondt
was furly shundant and suggested the presence of 1 veast dermatilis
Nerther m the myotic group nor n the controls were the shin speer
mens cxamned microscopically In  compmlation published by Got
(1962) the resulls of culture and microscopic examimibion were con
cordant in on the average 80 per cent while in on the werie 18 per
cent funzi were found only at meroscopy In most control cases in the
present investigalion symples for enllure were collected on more thin
one occaston aund 1t 1s unlikely that a cnse of dermalanmeasis wounld
have passed vnnohiced

The frequency of LPI resistnt staphylococei/micrococer in the con
Lrol material was higher than expected In an carlier study on stiphvlo
cocct originating from nose and throit swabs (W allerstrom 1967) thy
medence of I PF resistanl struns was only 3 out of 466 ¢ ¢ 0 6 per cent
these 3 strams were sensitive to penerlin The huher freguency of
1 PF resistant siruns imong, the controls in the mvestigation mos hne
wn epidamiologic backqround as dl the resislant struns were found in
speeimens from mulitary reeruts of one nd the sime reyment e
direct spread of resistant struns may have occurraed It s also possible
that the individuals with resistant steuns on the feet had come mnto
contwct with dermalophytes on some earlier occision the finding of
dermalophyvtes on elintealls normat fecl has been reported Iy mans
wthors most fipures fiven ranging from 15 to 6 per cent (Cotz 1962)

The group of diphtherowds (Corgnebactcriun spp ) werc intantionalis
not wciuded i the wmilvsis of the bactertl flora in the myveotie foer
though mucro orpanisms of this genus are sensitinve to 1 PE and thou,h
1t might be of intercst 1o analvse the possible occurrence of resistant
sarints This would however require a culture technique different
from that used here hee wise for example anaerolie siruns have boon
described by some wthors (Fpans et al 19)0) as constituling, 1 con
siderable part of the shin flora nd the freguency of lipoplulie siruns
requuring 4 speeial medium s unhnown (Marples 1960)

The resulls of the mvestspation pont n the same direetion s these
1n A study by Smuth & Varples (1964) 1n which they showed that in
dermatophinte infected ammls (hedgehogs infected with Trichophyton
menlagrophytes var ertnacet} the staphs tlococeal struns that could be
solated from the shin wore in 92 per cent resistanl o pemeilin the
farmation of penicithin was also demonstrated tn infro from the 1sof sted
fungus struns They concluded wnd thar conclusion w s shared by
Brock (1966) 1hat pcmenthn 1s formed by the fungus in these cnvaron
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ments and n such quantitites that it can have 1 sclective ¢ffect on the
myeroflora of the skin

SUMMARY

The bactersal flora of foct of Epdermophyton floccosunt from 37 p1
tients waith mycosis was studied with a view te the composition \;\d
sensitisily to penuedlin and to an anlihiohic which 1s produced ‘l}
Epidermophylon and ealled 1 Pk (Fpidermophyton factor) Among the
isolated staphylococtr and micrococer 559 per cent were resistant to
1PF and 58 6 per cenl were only shghtly senssinve to peraeiiin The
corresponding figures for the controls were 125 per cenl and 18 2 per
cent respectniels The frequency of 1 PE resistant struns was highest
when \hie disease had Yastedt for no more Ahan ot weath The Gndiags
suggest that Fptdermophylon floccosum produces antibiolics also 1n

pwo and that the wntibotics produced have a selectne effect on the
shin flora
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A NEW EPIDEMIC PHAGE TYPE OF
STAPHYLOCOCCUS AUREUS

3 GQecurrence and Spread of *Type 6557 °, with Special Reference
ta the ¢ tiont of some Antibiot

8

By
P Burow
Received 11v 68

In two previous reports {(Bulow 1968 a and b) 1t was mentioned that
the epidemic occurrence of non typable staphylococeal siramns called
for the miroduction of a new typing phage An experimental phage
(6507 ) was found suitablc as it was able to lyse the majontv of
multiple resistanl non typable strams 1 ¢ strams resistant to three
or more of the antibiotics 1 general use

The preseni report attempls to describe the emergence and spread
of the new kind of strains named type 6557 all over the country by
using two mafersals registered at Statens Seruminstitut and previousls
referred te as baclteraemia material and “lotal malernial (Bulow
1968 b} & complete report of {he [atter has heen published recentlv
(Rosendal & Bulow 1967) while the bacteracma material will be
treated separately (Rosendal et al 1968)

Rosendal & Bulow (1967) found that the contribution of specimens
1solated from boils and abscesses to the total matenal showed an
absolute and a relative fall whereas the relative contribution of group
Tl—and group 111 strains (exelnding the 834 6557 complex) s the
same 1n 1961 and 1 1965

Type 6057 staphylococer are now (1967) the most frequently
isolated phage ty pe from post operative wounds urine and faeces and
the types belonging o the complex 834 6557 are the most common
staphylococcr 1n respratory tracts

It has been noticed previously (Rosendal ¢f al 1963) that the ept
demically oecurring types each had their special antibiogram and that
that of tvpe 6557 1s characterized by mcluding resistance to erythro
mycan neemyemn and bacitracin (Bulow 1968b) Therefore it was
allempled to demonstrate a connection between the ongin and spread

The suthors present address D
Do R gt address of Medieal B I
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of the new phage type and the consumphion of these antibioties I'wo
large hospitals were chosen for this surves as mformation aboul the
consumption of antibiolics which was not avulable on 1 country wide
scale could be obfamed from the two focal pharmacies

MATFRIAIS AND MFTHODS

Irom the total material only one strain (the first fsolated) frum each person has
heen registered
All strains from the bacteraemia material were accessible In Ivoy hilized state
The Tween 80 veaction has been examined as desersbed n Part 1 of this study
The consumption of antibiotics has been estimated on the basis of information
given by the pharmacists at the two hospitals referred to in this investigation The
include 1 (C and\ il semisynthetic penieiliins among
which the penicillinase resistant oncs and a few others are included) streptomscins
(streptomyein sulphate and dihvdro streptomycin sulphate) tetraesclines (letra
cyehinechlonde oxvietracveline-chloride chlortetracycline chloride and dimethy]
d )

chlortetracy clinesch (eather the palmitate or the siccimale)

eryth (clther as lactob stearate proptontllaurslsulphate or
1rcoh and related (K cin and
framveetin) all of which have been d as sl and finally

Informatjon about the vearly turnover of paticnts was avaslable in annual reperts
from each of the hospitals

RISUITS

Since Apml Ist 1963 the experimeninl phage 6557 has been used
roulincls togelher with the conventional typing phages and sinee then
this type has contintted to advance m hospilils all over the country
While 1n 1963 7 per cent of all struns 1solated (12 000 1solales) were
Iysed only by phage 6557 tins number increased {o §1 per cont in 1964
(14 400 1solnles) and 1o 13 per cent i 1965 (11800 1solales)

As lype 6057 strams scem to have arisen from type 83A/0557
struns by Wso emzalwon (Jerons & Parl er 1964 Bulow & Rosendal
1964) the two types have been studied logcther

The spread of Staphylococeus aurens phage type 83A i Damish
hospitals from 1907 to 1962 his been deserihed by Rosendal & Jessen
{964

Total Vaterial

The staphtlococel situation 10 the hosmtals il over the country
during the last five vears has heen surveved i a paper in Rotendal &
Bulow {1967) Here it wall be cnough 1o deat willi the following sum
mary of the situation

1t 1s seen from 11g 1 that the staphslococeal thpe situiion an the
hospitals of the whole countsy 1s changing from 1 cloar dominnec of
group 1 1solates to a probably sull mncte 1sing preponder ince of group
111 1solates The mcrease of the latter group has been cuscd first by
1ype 831/6007 alone hut Iater (since 1962) by the considcrible nise in
the pumber of type 607 solates (g 1 hatelied aret)

The dechne of the curve representing group 1 1s not 1 reliling
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The staphvlococcal situation In the whole ecuntry
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Occurrence of 1nfections caused b

staphiylococes of the 834 6357 complex
1n the whele country

phenomenon only as the total number of 1solated stramns s falling
and the tendency seems partly to be caused by a decreasing number of
strains ISU"![C{{\ from furunculi (boils) and abscesses (Rosendal &
Bulow 1967)

The relline incidence of group 11 and group I (excluding 83A /6057
wnd 657 ) 15 prachically unchanged through the years 1960-1964
sugpesting, that the investigaled matenals are comparable from one
year 1o another (¢ e the seleclion of samples 15 unchanged)

35 et eamie 74 4
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Fig 2 shows the number of the two related types 83A/6557 and
6507 from Apnl 1963 and throughout the vears 1964 and 1965 1t
appears thal since the end of 1963 the number of struns of the new
type has exceeded that of tspe 834/6057 strains The number of ty pe
83A/6057 strans scems to decline slowls during the Jast Ino years
white the new type has shown 1 clear tendency to increase 1n number
The seasonal vartitions which seem to occur 1 the numbs s of )splated
type 834/6557 strains aecumuiting in the first months of each year
do not seem Lo take place 1n case of the new type

Bacteraemia Maleral

The medence of staphylococeal hacteraemia among patients with
staphylococeal mnfections in all Damish hospitals during the years 1961-
1965 according lo the cases registered at Statens Seruminstilut ap
pears from Table 1

TABLE 1

Incudence of Staphylococeal Bacteraemia According fo fhe Cenlfrali ed Hegistrafion
at Statens Seruminstitut

\umber of \umber of pahients Ineidence of bacteracmia
Year bacteracmiz with staphslococeal per 1000 cases of
cases 1, T f
1901 136 12 000 13
19,2 180 12 400 145
1963 276 17 600 179
1964 250 14 400 176
1965 307 14 800 208

The table shows that the incidence of bacternemia has undoubtedly
mereased (almost 4 doubhing) duning the five year period

The composition of the malerinl according to phage types appears
from g 3 1n which the rel1ine wedence of the vanous fypes or
groups 1s indicated

1t 1s seen that the vanations m the relative composition of the yearly
materials reflect the same situabion as that shown wm Fig 1 which
represents the tolal matena) The 52 52\ 80 81 complex 1s here
divided mto two groups of wlhich the types 8¢ 81 and 80/81 are
marhedhy decreasing while 52/02A/80/81 (s one type) s faurly con
stant Type 83476057 reached sls maxamum 1 1962 but since then the
frequency of this type has decreased marhedlhy

A certasn proporhion of the material his still been non typable \T)
but by retvping the matenal when news phages have heen ntroduced 1t
has been possible 1o triee such newlyv mtroduced pliage types back lo
1905 *Tape 6507  or which seems 1o be more correet in this situation
struns Ivsed by phage 6,57 ¢an he found amony, the hacteraemin
steans regstered primanly as \T since 1957
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Fig 3
The camposttion of the bacteraemsa matertal from the years 1957 to 1965
according to phage types or groups

1t 1s surprising to find that about 11 per cent {14 out of 125) of
stramns from bacteracma cases m 1960 were lysed only by phage 6557
From the preceding three vears (1957-1908) 13 sirawns out of 372 (35
per ent) were Lysed by the svme phage enly

Whereas the percenlage of strains sensine to all antibictics or
resistant only to P PS or PT in the material 1solated from 1947 to 1961
was as much as 49 (17 out of 35) the percentage of strains with simlar
antibiotic sensitnaty from the years 1962 to 1965 did not amount to
more than 7 {11 out of 157) This will appear from Tahle 2 which gives
a suriey of antibiolic sensitinity and TW reachion of all type 6057
strains from bacteraemia cases during the years 19,7-1965

It 1s seen that about 50 per cent of the strains from 1957-1961 were
perucilin - streptomyesn  and tetracychne resistant (PST)} whereas
only one w1s resistant Lo erylhromyan oo (TW + ') and none to neo
mycin or baatracin The rate TW—/TW + was 51 per cent (18/35)

These observations suggest that the strans lysed by phage 6557
from this early period may have composed 2 type  of less resistance
3
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TABIF °
Surtey of Antibrotic Sensttit ity and TW Reaction of Strains of Phage Type 613
from Bacteraema Cases (total number)

= ]
) < = 15 7 £
1 « g [T oy < L ©
g e £ o e & E & € E
~ E & « £ L £ £ £ & £ £
1957 to + 2 ) 3 1
1961 —_ 3 14
1967 + 2 1 1
-~ 1 2 i
1963 + 2 1 3
- [ 1 3 18 5
1964 + 3 1
— 9 1 2 3 1 19 7
1965 + 1 ¢ 1
— 1 1 5 4 24 8

TW = Tween 80 reaction  Sens = sensitive to all antibiotics  Strawns resistant to
P = peniaillin § = streptomyern T = tetracychines C = chloramphenicol
N\ = neomscin B = bhacitracin T = ervthremscin
= one strain resistant to methicnllin
two strams resistant to methiallin
= three strains resistant tc methieiflin

to antibioligs than 1s the case lo day  As staphylocaces of thal type are
considered to have developed Trom type 83A staphslococer by 1yso
genization (Jevons & Parker 1964 Bulow & Rosendal 1964) and s the
{vsogenization as such does not cause a change 1n anhibotic resistinec
(Jevons et al 1966) one would cxpecl the tvpical pattern of ant
biohie resistance of type 6007 to be identical with that of type 834/
6057 1 ¢ PST (Rosendal & Jessen 1964 Bulow 1968h) and this seems
really to be the ease (Tible 2)

However tipe 6557 struns did not prove 1o be of any parlicular
importance as 1 ctuse of bacteraemia until the anlibiolic patlern was
extended 1o inchude crvihromyem neomsemn and bacitraem (PST1 \B)

Sensitinaty fests of all the bacleraemi strauns (1947-196%) have
revealed that the occurrence of the types 83476557 and 6557 1s
decisive for the general merease of the antibiotic resistinee i ths
materal

Fig, 4 {left) shows that resistanee to tetracselines s been aimost
exponenfinfiy mereasing, since 1908 and thit ts merease ¢ chiefly
be ascribed to the two types mentioned It 1so appeirs from the fiqur
{right) that tvpe 65,7 has heen almost alone n enhaneing the re
sistance o erythromvein nd that the most distinet rise happendd
through the vear 1963 Morc thin 90 per cont of these crvlhremvem
resistant struns from 1963-196, are resistant 1o necomvein and haer
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tracin too where1s less than 2 per cent of ather phage Yypes {in 1965)
are found resistant to the latter two antibiohics (namely the group IH1
strains—insuscephible to tvping phage 83A —mentioned 1 a previgus
paper (Bulow 1968h) and non typable strams (Rosendal & Bulow
1967)

(ltunical Data

The new type has been chiefly confined to large hospitals with
fsaalities for wnlensive Therapy

Table 3 shows the relative incidence of some of the common staphy
lococeal groups or phage types m different hospital departments with
Varous therapeutical foncuions The sirains have been 1solated {one
from each pabient) durm., 1964 and are registered according o their
phage tvpe It appears that type 6557 1s 1solated most frequently m

departments with patients with lowered resistance to infections and
subjected to mtensive treatments

Stra ns of type 834/F557 are most often isolated from patients 1 heurpsurgical
wards 3 s 1bly hecausc of the numerou tracho tomias m these departments and
as reported previously (Rosendal & Bulcw 1967) tvges 834,6557 and 6507 are
o5t aften 1 olated from the respiratsn tract

1026 strams of type 6557 1solated during 1963 and 1964 were
forw 1rdcd to Statens Seruminstitut with satisfactory mformation about
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TABLE 3
The Relatu Incidence of Some Common Staphplococcal Phage Groups or Tgpes tn
Hospttal Wards with Different Therapeutical Functions
(All Strains were Isolated in 19v3)

Number Phage type or group
of !“0‘“!"[ . {percentage of strains)
strains (eategory of ward) 80 1 834/6557 6557
318 Nephrology 10 13 7 31
(pentoneal and
hemodialvsis)
318 Burns units 13 20 1 ’
267 Thorax surgery 20 17 9 29
952 Common surgers 23 20 5 16
3n Neuro surgery 13 19 14 15
395 Internal medicine 13 24 8 15
203 Radiology 29 28 5 11
159 Far-nose-throat 18 20 3 7

= 52 524 8081 complex
IIf = Iysed by one or more the group I1I phages

the sources from which they were 1solated They were arranged accord
g lo sources and compared with some other phage types The distr
bution of struns of the new type cxpressed as percentages 1s com
pared with the distribulion of type 834/6007 (1510 strans) ihe 52
52A 80 81 complex (3888 strams) and strans from group ITI (3383
strans) excluding tvpes 83A/6507 1nd 6557

The results of this companson are gnenmn 1, 5

rveg gss?
e B1a/€ 57

6PP IT (EXCL &) & 6557)
TYPE 20 (8081 8o/t S2/32 [e0smrs S [80)

| NxBulal

PER CENT

. .

P B T ‘

H H i i

N L i A

HRTR I B O
Fiy 5

The relative distribution of 5 me stag hylacoceal phage types (1953 and 1964)
from different sources
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HOSPITAL B {PROVING ML)

PER CENT OF ISNLATES FER YERR

BES  YEAR
Fia 6
The staphslocoteal situation in twe Danish hosptals
(accardmg to phage tvpes or gronps)

A< seen from this higure the new lype is most often walated from
cicatrices and wounds respiralory md unpary tracts while it 35 more
rarety wolvted from pnmary cutancous processes (furunculs mashitis
paronsehia etc ) In this respect it resembles type 83476507 whereas
the 52 524 80 81 complex behaves m the opposite way

Fptdemtc Spread in Two Separate Hospilals

Tvpe 6,57  staphylococer seem espeeially to have advanced n
hospitals wherc type 83A/6%37 was previously known to he wide
spreid and such 2 situation found 1n wo separsie hospitals one n the
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Fig 7
Occurrence of infections caused by staphslococer of the 834 6357 complex in two
Danish hospitals (given for three month periods)

capital (hospital A) and one i 1 provinery] town (hospinl BY These
hospitals of nbont the sime size (1000 beds) were chosen s represen
tative of the hospitnl situation n the whole country

The generad situalion an e two hospitals s dlistrated 1n g 6
showing the relative snewdence per yair from 1960 1o 1965 of some of
the most import wnt groups or types of Stupliglococcns aurens

The v nations in the staphvlocoee il populition 1n both hospitals
corrcspond 1o those of the total maiersid shown m Iy, 1 Howaser In
hospitsl A the changes arc morc pronounced than thosc found n
Tospt il B as well 15 an the fotal material

The deereang rdditive number of staphslococeal ssalites of tvpe
834/6%7 and *6,77  throush 1965 1s due fo 1 deere wing tot o number
of bvpt B3A/bu)T 1solates (see b, 7) wmd o to noincroasing, num
bur of NT struns in the materinl

Tig 7 shows the numbcr of repsterud easts of stiphslococenl n
fections csed Iy struns of tapes 834/6)57 md 6,37 an the two
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The use of pemcrllins (some hospitals 1 Copenhagen ncluding hospital &
(3700 beds))

hospitals (A and B) The number of cases 1s counted and mdicated n
three month periods

An altempt has becn made to find out when the new type began to
emerge as hospital A was the furst hospital in which the muttiple
resistant non typable strains were 1solited Some of the early strains
have been preserved and later tested for sensitnaty to phage 6057
Other strams hase not heen a ulable for retyping but were registered
as \NT with information about wmiibiotic pattern sensitivity to mercuric
chloride and TW reaction Such NT stramns resistint to pemicillin
streptomyein and tetraevcline 1nd most of them to erythromvem (1 e
the patterns PST or more oftcn I STE) mercury resistant and TW -~
satne areindicated in Fi, 7 18 probably type 6,57
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In hospital A 2 few sporadic cases of infection caused v type 6557
occurred dunng, 1961 whereas a real epudemic weeumulation of the type
has heen reqislered during 1962 and sincc then  tvpe 6507 has sur
passed lvpe 83476257 It 1s seen that the number of tvpe 83A/6357
1solnles has decreased slowly since 1962 while type 6,57 has n
creased considerahiy

In hospttal B an accumulation of staphifococeal nfections eansed
by tspe 834/60)7 was noticed during, the vears 1962 and 1963 and ns
seen from Tia 7 2 few sporadic eases eaused by “Ivpe 6507 may have
occurred 1n 1962 However 11 was not until the last three months of
1963 that a real accumul tion of such ¢ i1ses seems to have taken place
This sceumulthon continued duning 1964 and the number of “tvpe
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The use of same antibsotics (provincial hospital B about 1000 beds)
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6557 cases exceeded that of type 83476557 which since then decreased
m time with the mcrease of the number of cases caused by the new type

So the emcrgence and spread of the now type scem to “depress type
83A/65%7

Tie Consumpiion of Anfibrofics

Hospilal 4 1n the eapiial coninbuies by about 1000 beds to the area of
supply from one pharmacy which serves bospitals with a fotal capacity
of 3700 brds It has a yearly turnorer of patients of about hatf that of
the whole arca v, 36 000 patenls per year) and 1s thus {he most
therapeutically active hospital among those within the arca

Hospital B 1s as mentioned hefore of about the same size and capa
oty as hospital A so they seem to be comparable
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The antibiolies used by the provincial hospitals B comprise letr:
evclines erythromvein neomycin and related compounds and bact
tracin whereas mformation ahout the consumption of penicillins and
streptomyecm was not available

Figs 8 and 9 1illustrate the antibiolic consumplion 1n hospatals n
Copenhagen The use of pemcillins was increasing, duning the five years
1961 to 1965 and the most vigorous ncrense 15 seen through 1961 to
1963 It 1s seen that the consumplion of methicilin and related (pent
cillinase resistant) penicillins has grown ten fold while the increase 1s
more moderate (about four fold) as regards the other penieithns
among which the classical G and V penieillins greatly predominate

The use of streplomycins and tetracyelines was almost equal and
remained farly constant throushout the five years (300400 mg per
patient per year) and corresponds to that found by I und (1956) n the
same hospitals in 1952

N\eomvemn and bacitracin are very often used i combinations so the
curies run parallel and are mercasing two fold agun the biggest risc
seems to oceur helween 1961 and 1963

The use of chloramphenicol has increased two to three fold dunng
1961-1963 but sinee then the tendency seems—for unknown resons—
to be falling

Lrvthromyein seems to have been used in considerably less amounts
than the other 1nlibiotics even though a doubling of the consumption
during 1962-1965 1s noticed

In the provinernl hospital B the use of ervthromyein neomycin and
bacitracin has on the whole been less than in hospitals in the capilal
Fig 10 shows that the usc of tctracvelines was about 200-300 mg per
patient per sear The use of neomyein and baeitracm has increased six
and eiphit fold respectivels during the four vear period 1961 to 1964 A
companson of Iig 9 and Iz 10 shows that it was not until 1964 {hat
the consumption of neomycmn and hcilracmn in the provineial hospital
B reached the same high Jevel as that scen n hospital A already 1n
1961-1962

The peak (in 1962) on the curve showin,, the use of erythromyein
mw be duc to the intensine treatment of 2 few patients but on the
whole the use of this antibiotic was very shpht

Other macrolide antit ioties (e g oleandomacin spiramyein and carbomycin) have
not been used in any of the h pitals

By svestization of the proportions of ntibiolies used for loca) md
sysiemic treatment 1l was found that onhy the pemallins and strepto
msems lime been used svstemically only 2 per cent of ervthromyem
was used loctls (eye omtment) wiilc 10 15 pereent of telracvelines ind
chloramphenicol was dispenscd as omnlments and drops The tetraese
nines for locl use sere often combined with adren il slcrond dernalives
Sprus conl uning, this combin thon werc nscd bul i small amounls
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“\eomyain and bacitracin were s 1 whole not admimistered systemie
ally 50 to 60 per cent was dispensed ns Liblets for so called pre
operatine mtestinal dismfection 40 to 50 per cent wis dispensed s
posders omtments solutions and a1 remarkably lirge amounl of the
combined preparation was used s sprays (e g 1000 sprays per vear
1250 mg neomvemn + 125 mg hacitracin per spray ) in one hospital with
1000 beds) The Jast two antibiotics were also very often administered
n combination with adrenal steroid derivatines

DISCLSSION

In ke present report 1t was found that the fluctuations of the staphilo
coceal population 1 two big, hospitals corresponded lo those found
the material from the whole country but that the appearance of the
new multiple resistant  type 6557 n the provineinl hospital was dc
layed for about two yenrs

Several authors have discussed the theory of 1 connection belbween
the consumption of antibiotics and development of antibiotic resistance
1 staphylococcr Lepper ef al (1953) Wise ef al (1955) and Bauer
«t al (1960) have found a positive correlalion whereas Schneerson
(18a5) Pelersdorf et al (1960} and Alfemeter {(1957) have not been
able 1o find any connection at all Waisbrenn & Strelitzer (195%)
agreeing with the latter authors pul forward the inleresting theors
that the sudden spread of pemcilin resistance among Staphylococcus
aureus strains miyht be compared with the rapid world wide mutation
of influenza sirus providing an example of a species change that
oceurred without a known human influence (Burnet 1953) This theory
has within recent years been made plausible by the demonstration that
\rwmsdueible extrachr 1 pl ds might control penicilinnse

production by staphvlococer (Novieh 1963 Harmon & Baldwin 1064
Richmond 1965)

In trials to correlate the appearance of the new epidemic type 1n the
two Damsh hospitals with the consumption of neomyem bacitracin
and erythromyem one finds that the spread of the type comades with
the time when the use of neomycin (and bacitracin) reaches the same
high level n both hospitals 1 e Iater n the provineial hospital than i
the hospital 1n the capital Ervthromyemn howeser 1s used to almost
the same cxtent at the s1me time 1n both hospitals

Theorehcall) antibwolic resistince 1 bacteria cap ongmate as a
resull of stepwise mutation m connection with a selectrve pressure or
1t may he due to transfer of genetic material The latter mechamsm
seems the more probable as regards ervthromsyen reststine. 1o neo
mycmn resistant stramns belongmng to  type 6557 snce ervthromyem
resistance found 1n these stramns belongs 1o the nducible tvpe (Bulow
1988b) whereas erythromycin resistanee obluned bv selective proce
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dures has invanably been of the constiuine type (Hmgh! & Finlnnd
1952 Jones et al 1946)

As 10 neomyein resistance the findings reported leave open the
possibility that at mas be due to stepwise mutation under the condition
of a scleclive pressure cspeaally since ncomven has often been dis
pensed m a way (sprov etc) which inereases s aren of action It s
permussible to suggest that a further sprend of the neomven resistant
straimns mayv be caused by transduction as virus epidemics (bacteno
phages) from time to time mav attach bacteriil populations i hospt
tals This kind of genetic transfer mayv create a bactennl population
more capable of resisting, the ligh selective pressure evstin,, 1 modern
hospitals

Jacobs & Wallts (1964) found 1t unhkely that the emergenee of
neomycin resistant staphyviococer was associated with exposure to this
or related antibnotics The nuthors were unable to 1solalc neomvan
resistant strans that were tetracsychne sensitine and they suggested the
existence of some sort of connexion between the resistance to these ino
anlibtotics They made st probable that there 1s a group of staphvlo
cocer that 1s inherently resistant to neomsemn or that agencies other
than exposure to neomyein have been responsible for the emergence
of strains resistant to its action

It 1s probabie that the genctic markers for resistance to s irious anty
hiolies (e g T T N\ B) are hnhed (Bulow 1968h) and 1t 1s obvious
that bacteria in hospital environments recenning more than one marher
at the same fime (from an ongimilly resistant mdividual) will hne
an advantage over those receining only one Thus the comparison with
the influenza virus pandemies (W arsbrenn & Strelif.er 1908) docs not
seem quite implausible

The ongm of the new phage tvpe cert univ 15 phase dependent as it
has been shown mn 1 ngland and Denmark that st has developed from
the previousls epidumicaliv occurnsng bype 834 In Jyso,cnszation
(Jevons & Parker 1964 Bulow & Rosendal 1964)

The new 1vpes helonging to the 834 Gu57 complex differ from the
previous epidemie types of the 52 524 80 81 complex ( type 80 ) as
to the hind of c¢hmical mnfeclion they cause and as lo the citegory of
fospitaf departments 1 wihich thes are most often solated

The iochenueal background of the nosolopical speeificily will be
diseussed fater here 1t 1s pomnted out only that wherens the typical
“tspe 80 nfection was botls ele  the new tvpes arc eharactenized by
their affisis for the respiritors and urmary tracts (Fig, 1) and for
post-operatine wounds These properties may hnve cused them to
spread farly easily 1n some hospital departments (Table 3)

Thus the three eniteria mentioned by Walltams (16862) wath o view to
dusenbmg strans as epdemsc 1) a cerlmn degree of anlibiolic
resislance 2) abilits to imade and cause disease and 3) alilits to
spread seem to apply to the new types
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SUMMARY

A surtey of prevalent staphylocoecal phase (ypes in Denmarhk during
the years 1960-1965 shows that a new type lysed by the experimental
phage 6557 has gradually mncreased mn frequency and ts now the most
common epidemic type

The type 1s resistant to several anlibioties including tetracschne
erythromyein neomycin and bacitracin

Its spread 1n two hospitals studied in detul comcides with a hugh
level of neomycin and bactracin consumption bhut seems unrelated to
the use of erythromyein

Since erythromycin resistance 1n these strawns hardly can be a result
of a selection 1t 1s assumed that the emergence and spread of this
particular phage lype 15 unrelated to a high eryfthromsemn consump
tion Resistance to erythromycin might be explained by the existence of
a genetic inkage between resistance to this antihiotic and resistance to
neomyein (and bacitracin) and/or possiblv to other antibiotics

Type 65357 (and 834/6557) has occurred mainly n intensive care
umts and has most frequently been 1solated from the respiratory tracl
post operative wounds urinary iract and blood
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A NEW EPIDEMIC PHAGE TYPE OF
STAPHYLOCOCCUS AUREUS
4 Pathogenicily of Type §34/6107 and  T'ype 6207

By

P Butow
Re enved 114 08

A speaal aspect of the pathogemaits of Slaplylococcus aureus will he
dealt with 1n this paper relaling to Lhe abnhty to cause = fatal outcome
i defined types of infection e g bacteraerma

Several examples of a correlation between ph ige tvpe and the abihty
10 chmse certain sorts of lesions have been ricorded Impitigo is often
caused by 1ype 71 or related tspes of group I (Barrow 1920 Parker el
ol 16, Smiftlehouse 1905 Schnudt et al 1997) Group I strains have
becn 1ﬁmlal‘e'ﬁ‘prefcrenlmll) from boils and wound nfections but more
rarely from the respratory fract unne and slools (Rosendal & Bulow
1967) The latter sources oiten yuld group 1II strmns md these
strams furlhermore have almost equalled ,roup I strans as causes of
wound sepsis (VW almark & Finland 1961 Rosendal el al 1963) Group
il also méludes the enterotoxin producers (Gilespre 3947 Allison
1949 lhison et al 1949)

Type 83A strains have been 1solated with Tugh frequeney from spu
tom {Vartin 1963) and blood cultures (Rosendal & Jessen 1961)

The newer types lysed by one or more of the experimental phages
Bo 774d UC18 D or ST (Comtots 1963 196s Rountree & Beard 1969}
or characterized by resistance to necomgem and inhibition reachions
with group NI phages {Vichell 1964) have oceurred parhicularly in
operation wounds burns unne and sputum but rarels in blood cul
\ures {Cohen et al 1962 Rountree & Beard 1960) In recent vears they
Have caused many cases of enterocolttis 1n the US A (Finegold &
Gaylor 1960 Tisdale et al 1960 Hummel et al 1963 Allemeier et al
1983 Lavine et al 1965) and enterotoxin of type § 6 has been demon
strated sn stramns lvsed by phage UCLS (Altemeter et al 1965)

in Denmark strmns of the types §33/6007 and 6557 have Ithewisc
been 1solaled commonly from wounds urine and the respiratory tract
but a feature quile distinct from the above mephioned experinees

The author s present address Dept of Meds al Bactericlogy hommueeh spitalet
Aarhus G Denm
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these hvpes are also of outslanding muportance as eauses of bacte-
riemia In previous large Damsh mderinds (Jessen ef al 1963) the
prevakont baclercemn tepes Rnve refleeted the composiion of the
general staphylococeal populthon sn hospitals but the now thpes e
heavihv over represented i baclerterma eases where vpu 6207 was
the most commen single bype m 1960

The follewing report  wes detuls of the occurrence of the typs
834/6007 and  6o57 an baclernenur and of the mortahty m such
cIses

MATERIAL

The matenial of hacteracmia strains and the total materlal representing the general
staphylo o cal population in Danish I espifals were deseribod ooy art 2 of this studs
t8alate 1968h)

Climcal nfoemation about the cases was provided by hospital departments
concerned

MESULTS
Frequency of Types 831/6007 and 6097 n Bacleracma

In asreement wath earhier findings (Jessen ¢f al 1963) the tspr com
plex 32 124 88 81 ma group 1 exclusne of types $33/6007 and
Gra?  are sttt found 1 the s proportion i bacteraemin struns
and sn the tolal matersal  represinting, the pres dent shiphyiococent
poputation wWhereas group I ostrans moas be somewhat under repre
sentedd wn the Biclerwemm materd

Ioweser types 83470057 and 6197 ane found 1n baclerem?
matrial about Iwice as freguantbh s oan the totat maternd and the
pereemlae of struns of these hpes resistant do four (or more) anls
toties 18 lisher ! brctoreny s maten

TARIE 1

The Represeplats n (ger centt nf S me Fhay Types anl Ceongs in t
Toted Yat risl and in the Hocteroenua Matesial from the Y ears 1963 Inul 1905

13 3 1964
Tatat  Hacteracmia Tn!a) Bacteraemis
17600 (L0 3400, {7
47 5210 80 81 ¢ mphx o¢ ay an N
€ roup 3t 14 2 13 "
Croup MY tescluging
the 831 F S¢ myt 1 1 18 1t
Tope 834 (a5/ 3 1 7 3]
“Tage boac 17 i 1
Ly - stanlard et fth nffer n 4 <on

Tetad numler f tr 1 anlrachets
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TABLE 2 .
th the
Percentaye of Type 6507 Strumns in the Total Material o3 Compared wh
;Ihv(l':mzm‘m Ualerial decarding te Thar Antibrotte Restsfance

19¢3 5961
Resistant o Total  Bactcracssls  Total  Hacteraemia
the anlibiotics (8200 ) (737} (12860 3 (2a5)
PSumdT 5 H ? #
Uncluding ¥ C,N B)
PSTandk 3 11t & B

Oneluding € N B)

Total number of straing in brackets N .
Number of strains from the totel matersal for

Wortality 1n Bacleraenua Cases

Cases due to tvpe 83A/6057 wmd o type bab? were compared with
easts due to the classig epdermic strams of lype 80 tahen 1s the tvpe
complex 52 524 80 81 Howerer these three categories were not
directly comparable ow my 1o differences 1n age of the patients ongin

of the wiechions and pre evisting, elimeal complications three factors
known to influence fethalsty

dge desterbution (F1g 1} The number of patients belo v the aye of 48 1s higher
mPe 8 nfechians (37 per ccnt) than in nfections with tspe B3A/6557 (11 per
8l and “ype 657" (13 per cent)

Oagin of wnfection Hospytal acquired sufections were some \hat less commoan

csesdue 1o t3pe 80 than in cases due to the othes faq types The praportians of
¢ases aserihed to hospital infectron were

37 524 30 81 complex 8o per cent (109/167)
type 83478557 83 per cent (83/100)
t pe 6357

85 per cent (76/88;

Pt emasting comiplicafions Lethalits as weil o
fection 13 sugmented by diseases such a3 malignan:
515 of the Bt er uleerative ¢ iy
otoie #gents
haspital ifections 1n patient more than 40 vear
1e a5 to Ihe occurrence af th
SBOUL 40 per cent of the patients of oo f 1 1)
The tist of predisposivg conditions ¢
Possible ta distingmsh bet veen ¢ o
B predisposing condition Lomn at

susceptibihity to basteraemua

i tumours severe blood diseases

Aerards o skin diseases and ir atment \ith
1 imited 1o 14 the nmaterals

Bere comparaly complications which w r pee ent 1
three eategorres

ot molude se ere reoal [ oddur sinee

i futlure a3 2 consequence of th ¢ safection
» this problem are g en belos

and ag

Comparable and relso:
g the materia) o patie
and not suffening

\lormm) rates

mabh laige groups were established by Timit
nis maore than 40 years old snficted in t osprlal
from ans of the cowplicating condihions fisied above
far infcetions due to types 83475557 and buo? are
Prchically identieal and about twice the mortaht

N rate i ype BO
nfectsons (T ible 3) In ibe following the first tno categat » will be
conmidered together

38
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0 THE 52 824 80 81 COMPLEX
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w 40 rype 4555y
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Ry 1
Age ihstrbntnn 1 gatients nh laclcrnemu Iyt to BTt phuges (b es
9F1 1964
TAT 4§

fompans 0 | M rtalty Hates n ises [ Hi ferremis (0300 1908
Duar t Styhyl ¢ cer of nfferect 1hage Tures

M rality rate

Phage ts1e Sumter f cusc (hor cont)
57 524 &0 81 ¢ mplex 7 ay
Tape 834 o, 8 €
Tape €3 7 4 o

I 7% of the Y6 Fabsh canes full debads of th clinse sl conrse conld be
obtamied An univars of those s (Table 49 showad that the dsffer
wnee n tmost ity wos unsed stud to e diffcropee mosmean ape or dn
the more or fss scut cousse of e mfichion but i the patients
feeted with thie nes tspes uracmss o anassew s comark shiy common



ofid

However the Digure of 28 por wont as comparad with 13 pur et
Iape 80 mfeetions (1n Tible 43 1s not stabistically sipnificant (PP
= 1§ per cent Lp == 9 2 per cent)

1f patients with these renl comphietions e excluded the mertiity
rates for the groups approach eich other afthouoh the dif fercnces sttt
are statistically sy, mifieant (Table 3) The fi,ures reprosunimg the true
mortality due to the staphylecoceal mnfcetion prombhy he betwecn the
figures 1 Table 3 and those i Tible 5 hecause 1t must be 1ssunted
that renal fuluse was @ prodsposng comphicttion m some gises
whereas mm others 1t was 4 resutt of the infoction

TAMF 4
¢ ompatison of 18 Fatal Cases of Bia leraemia

Caused by the fpe complexes

8% $24 A 8t 8§14 Gaa?
Nurahet of deaths 24 54
4 erage age at death 71 vears 6 vears
Death withan 3 L . 3%
Death during 2 1 weehs a0, 15
Death later 1875 3
Uraemia or apusia present 137 28
(= 3 patyents) {= 15 patrest )
TARLE 5

Lompariton of Yortality Rofes 1 Cases of Bacterazmia after Fxclusiyn of Patients
#ith Renal Fature {1961-19¢5)

Anuria/uraema

An
umia/uraciia and bropep elonephestes

Phage tvpe cases excluded cas evelojed
Number Mortalt umber el
/
57 574 46 91 compler o
8348557 e gg i 2; ”'
557 31 9
;\nnlhcr factor excluded fron t Lsl of factor vt g tb
witehion 15 the surgical proc precedhing the vt 1w Th
;nf'asur(‘ of such procedures n vacf mfluenec th <t ¢ wondh
on of the patients 1 mas ! the severity of B ¢ m &
?Hk'r and the procedures 1y 1 ste conditions for 11 1 mf ¢
tolrs foc1 The degree of «u v ocedurey was rat U

ndex 1. outhned below

F reach
patest th wrgt ;L ¢ cre e alu ted a
Mt“ andthetotal of thep ¢ t r  hpatent as tahen as th
Point Intra ensn anfu t t o pomdur of crau
€100 gnd excision mn ¢ mp 1
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CASES CAUSED 8Y
50 THE 52524 80 87
COMPLEX

)

3

g

8

& CASES CAUSED 8Y

w5 THE Q14 6557
COMPLEX

oy SURGICAL
282 o moex
R R (pomrs)

hg 2

Surgleal index In patieats with fate] hacteraemia due {5 stratns of the 834 337
complex as comparcd with the 57 574 80 831 complex

> points  \Nenous cutd wo tracheosioms  trapsurethral prostatie tescetion

3 yoafa Manor sbdominal operations (¢c¥i Joratine taparntamia sppendeciomia
hernjotlomia) vransiaginal gynaceal gicsl operations cathetcrization of caval vein

4 goats Major abdomical peraticns (og on the Liliary £ gastro iatestinal
tracts) osteesvutheses msy 7 ampitatins transeswsl pr statucioms  secondars
suturing and resision of raptured surgral o mnds prolonged drajmage of sssions
carities renal operatons

3 pats Th rac my oxtrac p ral cirenlation exiras wporal and peritonet
Hialssis

An anthmuhiedl mon of the  sunae ) ndiees s not refey mt be
ewuse of 2 hirge sproad A graphicd ripresentwon of the resulls s
wven m Fig 2 wineh secms to mdic it ecrtmn preponderanee of Ih:
extrame surpsc b intervention w pationts mieeted with types §34/6247
wnd 6507

Teen of suck cises 12 wath indiees from 10 to 23 are cxcluded
fethality 35 simficantiy apdur i anfections due fo fhe now tepes ]
per canty thann those duc 1o bhpe 84 118 prr cint)

DINTE SSEON

The prinepud rosatts port unin,, to the pathopcnctty of the fipes 81/
Bor7 amud 6297 mad be summarizad as follovs
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1) They seldom cnuse hoils and other infections of ntact shin in
confrast lo types of the complex 52 524 80 81

1) They cause bacter wemic mfections far more froquently than might
b expeeted from thewr relative representation i the gentral hasputat
staphyfococeal popuittion

3) Mortahty n bacteraemia eases ereceds mortalits due to hacte
raemia caused by struns of the complex 2 524 B0 Bi

1) The strams are on the whole charactenzed by the ntatinve Tween
reaction ihe antinotic patterns PST and PSTINB (Bulow 19682 and
b) in contrast to the pattern P'S charactenshie of tvpc 80 (Rosendal
& Bulow 1967) and 1 lgh hyaluromidase production {Fabir Bulow &
Rosendal to be published)

The first pomt 15 compatible With the statements by other authors
{(Rountree & Beard 1967 Comtots 1960 I avine ef al 1965) that the vers
sumilar Austrihian and North Amencawn new type  Bo/77Ad was
unable to infect mtact skin This charnetenstic wall modify the mode of
spread of mfections and the clmieal chareter of infeclions as com
pared with e g {he txpe complex 52 424 80 81 known as 1 common
cause of boils and paronychia (Bulow 1968c)

In a search for the bacterial basis for the ability to cnuse ceriun
fesions 1t 1s natural lo consider three properlies that distingiush the
types 83476557 and 6557 from the complex 52 524 80 81 m Inch
of the Tween 80 sphitting enzvime multiple resistance (PST at least)
and a high hyaluromdase production of the firsi fwo Lvpes

Lack of the alility to produce ‘Tween 80 sphttin, enzyme seems
correlated fo a hich martality rate (Rosendal 1982 Jessen el al 1063
Jessen el al 1968) The rate was also found to increase willi increasing
multiple resistance of the staphylococer

A comparnison between bacteracmia cases eaused Iy epidenuie strains
with the same antibiotic resistance (e g PST) belonging to different
x;:l:‘rg]ce(;s‘pe; (lnclu‘dmL, {he new ones) showned that the mortality rate

© be unrelated {o the susceptibihits t
ser el al To be publushed) plib o the {sping phages (Jes

From the figures reported n this studs one may conclude that the
ret topes are nghly \itulent by virtue of therr tendency to establish
bacleraemia wilh 1 hugh mortalty One of the possible. sources of srror
1n stich a conclusion 1s that the new types may be endemuc n depart
munls treating special eategories of palients with serious predisposing
c‘on(huom {Bulow 1868¢) Bul even when such patients (larrer &

el eod 1960 Minchew & Cluff 1961 Colien et al 1964) or patrents
‘c"“dd"gm"i; extensie surgical operations (Colten et al 1964) arc ex

uded morlahty rates for infections with the newer types exceed the
rates for infections with ¢ ¢ struns of the 52 52A 80 81 complex
Wheh s considered highly sirulent (Walliams 1998 Fehely & Bennell
1959 Walliams 1962)

A discussion of virulence 15 complicated by the fact that the wh
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TABLE &
Warlality Rate of Staphylococeal B Accarding o 1iterature

Number  Vor
Authk re Year ot tality Special remarks
cases rate (<)

Jonensteon 1531 18 8

Nenhof et at 1974 44 €6

Dalmagn 1934 &84 15 Treated with sntitaxic serum

Seott 193y I3 3

cNeal € Erishee 193¢ nn Kl

Rosenow R Brown 1938 o "

Searpelimo 1939 187 93

Mandci! 1939 I a1

Shinner & heefor 19491 [0 8

Harrell € Brown 1943 ' 3

heefer ot al 1943 Edl 40

Anders n 1944 350 kil

Spink L Hatl 1945 9 %

hnght & (cllins 1M & ?3

Spink 190 4 8

tmland & Jones 1926 % 4

Walsen & Hamburger 1927 53 ot

Tze Ying & Schu Chen 1807 116 +

Schirger et at 1922 109 34 Fndocarditls escluded

Hassalt L Reuntrec 19 9 8¢ 5

\Sanhren & Abbond 1960 e £}

tay 1960 71 50

Faber ot at 1960 £ 41

P owelt 1961 19 R

Sthaom 1902 ' 34 Al treated with methicithn

len «t at 1962 - 27 Al treated with methiclllin

Jecsen (4 st 1901 16" 19

hueers £ Henntt 1861 31 3 Non surgical hacteracmin

Jensen 19r7 43 73 31 rases treated with
methicallin

fhe lines separates the pre antits tie from the antibi te era

ot Fosistanee of the struns mfluences the onteome of the mnfe
tions § Shooter el al 1838 Barber et al 1960 Jessen ef al 1963} owmng
osther to 1 correlitzon boineen anbibtotie resistaned nd certnn vt
lance factors or to the dopendence between theripontie possibihitics
and antibiotic resistance An elucribion of this guestion would pupmre
+ material of untre ded e wes or e1ses fretted wth mishioties for whieh
i struns wore s arnshiy sonsitne

fn the pre wmtitintic cra the derstarc tadd dted 1 il & shons
1 mortalsts of shout 70 80 por cont dechmng, sflor the sntroduction of
pumettin m 1048 hul no further declsnc 1s sten after the mtroduclion
i the eards fiflies of the bictenoshiie antibioties  chloramphomeal
tetrievehinis nd erthromyen On the contrany the inercsing, anl
Brotie reststaned scems to paratle L an merese i mortahity b m 1963
Powelt concluded that  staphsiococe it seplicrenun has beesmie a8
B that 2 hazszd st o o prior to the uhvont of antihioties
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But azun we are lefl with thrie possible explnations of the ngh
morlality m bicleraemin caused by the new types approxamating, thal
of untreited cises from the pre anbilnatic pcriod (1} resistance to o
ingreasin., number of antibiotics (2) enhanced virulenet or (3) llered
host factors e g higher age use of extensive surgery cle

Still 1t seems that a suffictently effective antilnotic admimistration
18 able to overcome a possible wncrease in virulence of the struns since
for instance the introduction of methaillm reduced mortabity (Allen et
al 1962 Sibont 1962 Jensen 1967) to the same low level as did the
miroduction of perucillin 20 years carlier (Barber 1965)

The ditference in hyaltramdase praduction of the tipes 834/6007
and 6457 on lhe one hand and the 52 524 80 81 complex on the
other which probably mnfluences the tendency of lhese 1vpes lo cause
shm mfections (Jessen & Butow fo he published) may be sipnificant
also for thewr ability to cause bacteraemia infeclions in accordanct
with the concept of hyaluromidase as a  spreading factor  (Duran
Reynals 1942) promoting bacterial imasneness

1t appears that various aspecls of pathogemiesty m differ mdepen
dently and that staphylococer of differen! phase 1spes may differ so
considerably i their properties that they arc comparible with for
mslance different serotypes of E colt

It may he concluded then {hat staphylococer of the new Eypc com
plex and particularly the new epidemic struan 6557 occurring mn the
present hospital miliew with s large number of susceptible ndt
wduals are Mighly virulent smce they are abie (1) to spread (2) to
made and (3) to contribuie to the death of their hosts

SUMMARY

In 2 materal of strams from staphsloco al biclerncmia the types
83A/6:5T and 657 are fir morc 1 wily represcnted than the
generally occurring staphy lococenl popul ition 1n hospitals wnd morta

Ity 0 these cases evceeds mortalit rai s for the presiousis dpminat
g type complex 52 524 80 81 el s mfluenons th ¢ ntes me of
the infechions and the compar 1 Wty «f different mi sals are dis
cussed

The relation belween chiy o Sl gs and th + 1 Leal pro
perties of the new types 15 1 nit 1 1 with speard fion (o their
multiple antibiotic resist m ne v 0 Tween 8 ieactie™ nd high
hyvaluronidase production

Itis concludcd that th 5 w ¢y metypesare vy 11t the

present hosptal environn nt

RELTUFNCES

Aflen 1 D Hobert ¢ P € At by W W M Stay hylocoecal sept

c1 1t eated With
methi hn Reyort of tw nl 4 aes Ne
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INVESTIGATIONS ON THE ENZYMES AND TOAINS
Or STAPHYLOCOCCI

Study of Phosphalase Using p Mtrophenyl
Phosphate as Subslrate

By

AL O TIRUNARATANAN
Recerved 143 63

The occurrence of the enzyme phosphalase 1n staphylococer was de
monstrated 1n 1932 by Gordon & (ooper (10} Swce that time staphy
lococcal phosphatase was studied for sarious reasons from purely
biochemeal interest (4 21 27) to possible apphieation of the phos
phatasc test to differentiate micro or (5) tod rate the
pathogemaits of staphyloeocer (1 2 § 13 19 22 24 28 31) as well as
to study ats relalionship to phage type or penicallin susceptiahity (b
9 18 23) The rdative case with which the presince of phosphatasc
could be demonstrated by the agar plate method of Bray & hing (%)
made 3t possible for several laboratories to Adopt this techmique and
use it s a good substitule for the coagulase test which was more
cumbersome to perform The inveshigations mentioned above were not
extended further to evaluate the antigenic properties or its immuno
genic role m staphylococenl infections Coagulase and phosphatase al
one time thought to represent two functions of the same protemn (14)
were found to be scparable entities (26)

For a number of reisons 1t scems possible that the different worl crs
who sludied the phosphatase reaction 1 fact ivistigated different
€azvmes Apart from the use of diffurent phosphate esters as substrates
the pli selected as optimal for the reaction have varied considerably
from values of pH 10 down to pH 56 Further the production of at
least two phosphatases was borne out by the imvestigohon of Bowin &
Wesrobeanu (1) Ohsaka Muhar & Laskowsht (20) Shah & Bloldl
{26} and Tirunarayanan & Iundbech (29) Thest resulls indiatd
that a4 proper characterization of the phosphalases jre ! ¢ d v sta
Phylococer was needed before iy attempt to evaluate th T anc
of phosphatase aclinty or to correlate it wilh other ;1 rt s of the
bacteria could he mide An investigation was therefor nal U tidy
the properiies of the enzvmes produced by 400 chimeal s "2118 w ny,
D nitrophenyl phosphate as the substrate The results are r p red
the present communication
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MATLRIAL AND MFTHODS

Strains and culture supeenatants The strans snd the enlture supernatants wer
same as those dusembed earher (16) The hactersa wese s(oredp in the L\ophfcﬂig
state and taken up on nutrient s¢ar plates » hen needed “They were then subenltured
mto Difce bram heart 1afusion broth to study phosphatase preduction

4ssay of phosphafuse For the study of phosphatase actinaty 0062 M p nitri phem]
phasphorse and di sodium salt tHoplin and Willams Esscx Fagland) was used
incubation was carried out for 60 muinutes at 37 C sfler the addition of the enzyme
The hiberated p mitrephenol was measured at pH 11 at 408 my using & Bawsch € fomb
Spectronse~’0 fnstrument veing a control without envyme s the blank When
butfers of actd pH values were nsed the amount of 00 \ Na0I was nat sulficlent
to shuft the pH value to 1100 01 N\ NaOH was thercfore used vnder such ciream
stances Fuzyme reactrons were olso studied after imcobation for different poriods
of tsme The rate way linear up v three hours wcwhaticn when the sbsorbance
salues did not exceed 10

For the routine assay af phosphatase actinty imuubati o wa dene at two §Hl
values pH 595 and pH 690 T2 M sodium acetate 2 ebie acsd huffer of plt §% and
021 Tris #¢1 buffer of pH 706 (at 25 ) were used The supcrnatants were adjusted
1o the plt of the reac hion mixture hefore basng added $he 7o 11on miture fir these
deterramatians condisted of

01 ml of 01 M MGl in distilled water
22 ml of huffer of desired pH

06 ml of 001 W substrate 1a <distitled wata

01 ml supcrnttant as enzvmMe saure or purficd o vt

After wmcubation 3 mlof 01 N or 901 N NaOH wa addef bif «m surmg i
absosbance of the Iiboratcd p tatssphensl Onc fiser m J por ml (f ostroghen !
gave an absorbance of 12 at pH 1100 Ir)m the ab  bance + & th amount of
p mtrophenol formed by one mb uf enzvme proparsty nowa | {td

In experiments where differont (B solues sere rasred & 3y tehes o gil
actinsts relatronship 09 por ceat Nall i distilled water s Fat et d o the
buffee farst the compnnents f the reaction misture wa {11 44 thea
mirxed o gve about 170 mi and the so utun was raprdhy wdsu t 1t 1 Herent pH
valges 3 ml aliquols of the reacticn muctures of differcnt g3y e vy o pnt effel
aut tata tabes and then placed 0 a water bath racub b on {1 pH w dieched
agam after the icubation perod before adding sodlum ds I xet [t The
salues were found to be the same before and after the novt 10y § However
shight altcrations were noted at the extrere pHovalue ani iy w stmn lfh";
01 pH umt The usc of » Radometer jif thtrator ¢ wgl 1t 0 it b it o
Vetrohin which delinercd enther 81N NaOH or 81 N HHL ut 1) tall do u(hl’;
the set pH 1alucs made rapid alhn»(mcnh'ul{hlll v bl . 'x’x\ t “xl,q l,',:l("l(‘u;

2 m
utrant needed did n § exered 2 pir nt o e vty A

Srmlar pH adsustmonts were mad  whele the offut -
ach as hervilm was  tudied Alth ugh bulf [T LR
T camec ¢ epreatevteat fxgam tod at iller

cts shifled the pH saly
gx‘xclsfnsnu:t‘s;frncngths u:mg \:’cl showet o strifong differen o the ,‘x“) gl’m:::‘;‘
sctiuty betnocn o ncentrations of 00 A and 04U\t et 1t [ e et
inhibition was obtamed at 650 M and 50 por cont at P8 M Nafd 4]
cancentrations were neser veached durnng the pif sdjustments

RN PN NTAL

Relalwaship of pi to Phosphalus {itiedy
Phosphatise wtisaty at varions pli v attes was smdul(l mf (l:d:‘:“‘;?
find whether differenees bolwn affcrent struns yastod ane A
¢ enzvime wos preduced Supern ilands of ko
The ehuhy curves for somt of the

whether merc thin on
nd to diffor from strun fo strun Tuv

climscat sirans were studed
struns shownn ki, § were fou
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1 H activsty relationshup for phost hatase produccd by different strams
of Staphylocorens aureus
strain no 17 [J—- {1 tram po ~ ~W  steala nc 16 OO
trammo 28 X - X stranpo 7T @ —@ stranno 9T A A

reions of  peak actisity would he demonstrated for some of thu
struns one hving @ mayamum af pH yalues between 560 and 550
and another between pH 670 and 7 10 Diutferent strains showed differ
ent proporbions of ihie two acltubies [he exisienee of the two pll
opima was also deserthed earbier \29) In the exporiments deseribed

by Barnes & Morns (3) the pH actinity curie showed also 2 notch
wound pH 7 10

Lffect of En.yme Inftbilors and Mctal lons en Phosphatase Achinly

Becanse the pil aetinity curdes scemed to indic ite the presence of
moTe than om enzyme 1 5ome of Yhe priparions expermints west
made to find whether one of the actinitics could be selectivelv intituted
This would provide additional support for the existence of more than
une enzyme The enzymo preparations uscd for these studies were first
purifid by chromatography on Sephide el € 100 and Sepharose el
48 a5 deseribed elsewhere 129 30) 1 hosphatase aetiniaty was fouated
n the void volumes on both the guls Thus the cnzyme preparation
was free of substinees having, molecnlar weighls lower than 100 600
wd o0 BOD respeetnvely The preparation from the Sepharose 4T
column was fso free of anv esterase or lipase actiaties Howcever
vartible quantitics of mognestum apparenthy hound to the ¢nevme
prolem vecurred in the iffcrent preparations as yudgud by the ity
withont added magnesium  Attempts to rumosy such bound mwnesum
cither by didysis electrophorests or 1en exchanpe chromatogriphs
resulled 1 considerable fosses of actinly Precipitation s pi 36 dud
not release the hound magnesiwnn Thus the preparations from the
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columns were used without adding any magnesium and without any
further treatment I'nzyme preparations from the followmg strums
were used

straca no phage patlern (RTD}
17 420
ki 7% 77
18 81 47 83A 42D
14 NT (1000 RTD)
28 NT (1000 RTD)
4 6 47 83

Noquabtative differences 1 the reactn 1tv of the enzyme preparations
from exther ge! from the same stramn or other strains to the whibitor
compounds or metal sons could be established although sl ht quantita
tive dufferences occurred probably due to the different amounts of
bound magnestum occurring m the enzyme

The effect of 2 number of established enzyme wlubitors on the
phosphatase activity of the preparation from strain no 7 at the iwo
PH satues was studied and s shown i Table § The mbibitor com
pounds could be classified into many groups “aP' LDTA and Na
pyrophosphate mhibited the activsty at PH € 80 more than at pH 525
EDTA was the most potent 10 *\[ causmng 82 per cont whibition at pH
690 while the actnity at PH 525 was unaffected In fact a shght
achivation was noted but this was not reproducible 1n different pre
paralions of the same stram Lthanol tartarsc scd and lache aesd
{hydroxyt campounds) did not affect the actinaty to any preat extent
L-Cysteine and sodoacctamsde seemed fo miubit the actisity at both piy
‘alies simlarhy at concentrations of 10 M ar above Cyamde was
sumilar to cysteme and rodoacetamide On the other hand £ 10 phenan
throline fiydrochloride mtubsted the achivily at pH § 25 and actiated
that at pH 690

The effect of some metal 10ns on the phosphatase activity at pH 5 25
and at pi 690 was studied As shown m Table 2 stronlsum and ba
Fum (as chlondes) dimsmshed the activity of the enzyme at hoth pH
values M (chloride) the aclimiiy more at pH 690
than o pli 525 Zme and nuchel {sulphates} showed an nctivation at
DI § 25 and whibihon at plE 690 Copper (sulphaie) was the most
actine and 1t lso showed 2 strmulation of vty a1 pH 6 80 Beryltium
fsulphate} gave mhibition of actssaty at pl 526 more than at pil 6 90

These results on the one hand wih FDTA ang phenanthrohine on
the other withyperytium copper and sther metat sons shossed that the
acinties 4t plt 525 and plf 690 could be differcntnted Further
Studies were thercfore made with these substanecs usih, coneen
trations more close 16 each other than the ten folgd differences indicated
i Tables 1 and 2

Studies wnth FDTA and metal wns The effee of different coneen
trations of 1 D'TA on the actnaly at pH 525 ang Pl 690 was studicd

I acwa v T84
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Fifect of EDTA on the phosphatase actns ity of stramn na 43
at pH 5 25 (@ @) and at pH 6 90 ( }
S
g
15
Q
ET)
Lt
[&)
=z
<
&
x 05
n
[}
<
ol 0
2 4 ) 8 0 R
oH
Fig 3

PH actiuty curve fo phosphatase from strain no 44 1n the presence of
X 10 4 M FDTA (O——O) and without FDTA  @—@)

and 1s shown 1 Fip 2 Aclinity at pH 6 90 was completely inhubted af
T'DTA concentralion of 28 X 10 M Shght hibition i tins range
was also noted at pH 520 but the major part of the activty was
whibited above 8 X 10 M of EDTA These results showed that L
of the unzyme aelivily was selechinely mhibited by EDTY of Ipar
concentralions The pH aetinity cumes of an enzyme preparal ower
and withoul the addition of 3 X 10 ¢\ LDTA were HF rmn with
pared (Fig 3) The actinty al pH 690 was com erefore com

olefele sbbiied and
A
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PER CENT ACTIVITY

10t 1w w? !
Mgacly M)
Fig &

Reversat of EDTA infubition of by
PHEB O—l) pHEN @-——@

the enzyme curve with EDTA showed thus the existence of only onc
component with 1 peak actrity at pH 528

It seemed possible that different metal 1ons or different guantities
of the samc metal ton were needed for maxunal actnaly at the two pH
salues Phosphatase preparations were therefore meubated first with
1 X 10 M and the effect of the addition of diffirent metal 1ons
“arging amounts on the activaly was stndied Results of Sladies done
with the enzyme prepared from stramn no 34 are outhined 1in Table 3
The actissty was measured at pH 525 Symilar studics done at pH 6 90
contuned 1 X 10 *M IDTA The resulls showed that Sr~ Ba- Zn™
Mn i Cur and Be ons were prachically mnactme Mg alonc
aclivated to yield 160 per cent or more of the onginal actinaty 30 33
Mg counteracted completely the FDTA inhibtiion at pH 5 25 whercas
107 M was necded to show sumilar activabion at pH 90 The achvty
with Ca was consuderably lower than that of \Mg

n order to find the optimum amount of magnesinmn nevded 1o gre
maximal activity using the two diffcrent FDTA conwcntrations at the
two pH values the concentration of magnesium was wcreased step
wise Achiuly at pit w25 mercased as the magnesium content was in
creased from L X 103 to 1 X 1033 reacing abaut 100 per cent of
the onginal actinity of the enzsme (Fig 4) Further inereasc in mag
nesium concentralion increased the ackily giung 120 per cent ackinly
at 1 X 10#M Sull hipher concentritions of ma,nesium showed an
mhibition of the reachion AL piHf 690 the quantiy of magnesmm
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1 X 10 M bervlhom shufl
ted the pH opfimun 2
;Cg";z} \4‘:1; t]lg!x'x\!l[ecled Further shfis I:n pH ;;;Irrfa.zpb::)l (;?)il lml:;];
w1s noticed and the achivity also d. T
Z;i:lltds lmlixic"hd that bers lum affeeted the en}z\ mcoat‘llr::l::;sg:d l.ll hl:)sc
d;f[erc:a y more than that a1 pi & 50 Lipenments on the c}\h‘; ::I
hinlion oir?}:lm;:s of mgnestum and everum sons on berylium
whibition w} ¢ phasphatse showed that magnestmmt counteracted the
Tt whireas caleium was wathout effect (Table 4) With mag,
owever
obtained complete revcrsal of the mhibition al pit 522 was nok

TABLE 4
Fifect of Calerum and 3, on {he Inhtd, of Staphyl { Phosph
1y BeSO; (lalues in Per Cent Rendual ictwily) -
pH 520 PN E9D
g&;(!)rnl without HESO‘ 100 100
e
3
BeSO, + CaCl 1X 105\ ;gg z
IX104) 196 L}
1Xx103M 13 L]
1x10 M s °
1X102 M 131 ¢
BeSO, + Mgl 1105 188 18
TX 104 »y 53¢
1X 1033 'Y €94
110 A 572 e
1% 1013 808 s

Coneenteation of BeSO, 00016 3 at pH 52 and 0015 M at plf 690

anthroline and copper tans on phosphatase 1t wis ob
anthroline depressed the actly at plf 52> whife t
ot pH 699 {(Table 1) Pyperiments With varots
owed that the activation at pit 690 was
land § X 10 M The pH wctimls

Effect of phen
served that phen
stimulnated that
amounts of phenanthrofine sh
maximAl at concentrations between
curves with and without phenanthroline are shown 10 Fia 8 11 was
found that the addition of 2 X 10 \{ phenanthsoline mercsed the
qctavsty of the enzyme Aimost twafold at pii 690 The minbition it pH
592 noted m Table 1 was only apparent due to the shaft in the pif
optumnum

Phenanthroline 1s a chelating agent whach forms ready compleses
witlt copper and wron T seemed possible that cither of thuse or oilnr
rmetal 1ons WIS inhubitory to the aclety at pH 690 whith was 1¢
moved by phenanthroline ©On the ottier hand the addition of copmr
sulphnie fo the corvme preparalion Fne aumuiar merease in ackiv ity
but with the pH optumiim around & 2o (Fig 81 1% 10 ¢ \f copper g.[n]\o
the mauma actnity fioher amounts showed 10 ininintion '(‘lu;sﬁ glﬂ(’
activaty at pif B 94 was smniated Iy copper and inbied 2t pl
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RELATIVE AcTivity {pH 69/pH 525

012345678910>1D
PHOSPHATASE AT pH 525 (A 400 mu }

Fig 10
Correlation hetween the pho phatase actinsts of cinseal stratns
«t pll 525 aad 690

Production of Phosphatase by ¢ Untcal Strains

Supernalnts of 400 (hnil strains wer
of phosphtse mawsunn, the ity ot pH 225 nd pll 690 ‘The
objeet of these studies was to scheet struns which produced Lrge

malvsed for the conlent

imounts of the enzymes whach misht he uscd m subscquent 3 deesng
production In wWddion 1t was also of snlercsl Lo find af struns oceurrad
which produced prcdonunntly one hind of the ¢nzvme

The actinily of phosphatase (Mol p mitrophicnol formed per !
superndant per hour) was plotted artst thic gamibicr of sicis gisng,
the reaction (13g 9) When the achviby was measnred ot pil 680 o
was phsersed that tun strains did not give vy reaction 298 struns
{70 per cent) gave low whvity (00 10 201 winlc 92 struns 23 per
cent) showed ich umounts of phosphatase Oniv five siruns produced
a5 lh imounts of the enzymd s > Mol Tests made o pH 528
showed that 11 300 struns were phosphibyse producers 240 struns
(60 per cent) 5ane Jow wclivly (00 to 20) winfe the rest produced
hagher amounts of the enrvme 23 siruns produced mor than » piol
p mitrophenol The nwnber of strams pving wdmaiy o plt 6588 wore
conswstent!y haher than those prang actssity at pH o 2 up 1o p mire
phenol valucs of 1> aMob On the olher Toand the rehiton was the

opposile with aclinly thove 15 pMol
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Phosphtase selnvity wos dolermined concurrently st both pH sahues
sty the same supermatants It was of nterest fo find the relatse
proportion of the actnaty 2 pil & 99 to thit Wt pll o Zo At varous feweds
of achnaty Any correl stion observed wonld pemt 1o the sdentily of the
Ina acliilies provaded only one enzyme was mvohed Such an attempt
1o eorrelate the actyuities 3s represenied m Fig 10 1L was observad
that the enzame welraty 2t pH 6 90 varcd consrderabhy and w s nol
correlated to the actinily it pH 520 These resulis point to the posa
fality that the two activifics misht Tepresent iwe different (nzymes
partientarly as all the strans were grown m the same medium and
cortuned the sune amounts of the different met it 1ons

DISCUSsiaN

The results on the phosphatase aetinafs of the culture superntants of
staphylococer ndseated that p mitrophens! phosphale was hydralysed
eptumally at two dufferent pil values pH o 2o and plf 8 80 o other pH
oplunum was demonstrable amon, the struns miestigaled i the
Present study Thus was surprising, consdersn,, the reporis in the
hiterature where severf pH optima were noled 15 mdieated below

LU ag fimum substrale us {

wvestigate ry

1000 aeid snsoluble-f & tn € Mesrobeanu (1)

9% feuctesc-18 & Strasters & Beallee 0N

910 paitrophens -3 Sha X Blob { (")

900 i nnrophcn\l 1 Ohsala et al (20
880879 £-gly Cardon & Crop 7 (101

740 phmzxpmhnunq Doy & Reng 15)

720 prmtrophemi ¥ Inmiss € San Clement (131
580780 a_glyrero-p Fast & Vattu (O1)

600 { henolg hthalewn-§ Cann & Hawn (6

500 atrd soluble-1 Bound& ) bana 4

560 § aurophenyl § ou &My (h

590 1 mtrophenyl-¥ Ohsal 1 0

Thi use of Afferent substrates m oy account for th v ircaten ab i
PH opumt With p mirophens! phosphale as the substrate the | If
oplima nere deseribed to be 2 o 0 66 13 20) 720 (14 and $ 00 i
{20 26) The fiist fwo vues greed closely with the mucstia shions
Teported m ths study wherddas no ity was tound vound pi 900
A enrefut study of W rsnlls oblunud by Ohsal s f f £20) vhowed
that the retisty of alhoahine phosphidtase wis sery low g, 8 X 10
unta at pll 980 where s the corresponding, wtndy 3t pH > 60 e
15 X 16 umts Thus the content of dlkatne phosphatase w iy thaut
1 handredth of the ieid phosph riase This madc i difficult to domon
strate wsth cortunty the bk thne phosphatase actividy i the super
astanls Furthor Shah & Blobel (26 showed that ik aline phosphatase
production vy mhubuted whon the baclina are Lrown m the presence of
wmorg, inte phosphalc s done m the present stids



588
The two pH optima the different proportions of the two acinifies
produced by chnieal stramns as well as therr different retctivly to
metal 1ons and metal chelaling agents pownt o the possibility that two
phosphatases may be mnvolved Certain observations made wn the present
il;;di’ogl;:ial;:irlistle;r&rz ;Icltlls‘lrl)omt of vien Thus heavy metal jons
¥ t pH 520 Phenanthroline showed
the opposite effect as it stunulated phosphatase at pH 690 The achy
vation of the phosphatase at pH 525 by copper did not occur when
magnesium was removed by EDTA Apparently a copper magnesium
complex was needed for the hydrolvsis of this substrate Whether this
was bound to the substrate or the enzyme prolemn cannot he stated wilh
certainty On the other hand the quantity of magnesium needed for
the actaty at pH 525 was considerably lower than that required for
activity at pH 6 90 Thus larger amounts of TDTA and lower amounts
of berylllum were needed to inhibit the actinity at pH 525
Whereas the above results point to the possibilits of two phospha
tases bemg involsed the occurrence of a single enzyme showing diffcr
ent pH optima depending upon metal 1on activator or wmhibilor can
not be overruled For example arginase was found lo exhuilgt 1
pH optimum around 1¢ with Mn* and 7 with Co* and Nt (11) Thus
on the basis of these results the existence of two phosphalases m the
culture supernatants of staphylococet cannat be stated with certanty

SUMMARY

An analvsis of the phosphatase activity mn the culture supernatants of
400 chmeal strams was made Two pH optima (pIf 525 and pH 6 90)
were noted for the hydrolysis of p nitrophenyl phosphate which was
used as the substrate The two iclnilies occurred in the different
supernatants in varymg amounts mdicating no correlation between
cach other Differcnces were also found m the response to metal 1ons
and metal chelaling agents Copper aclivaled the reaction at pH 52>
and phenanthroline countercted Lhis effect FDTA inhibited (he en
zyme actisity at pH 6 90 more than at pH o 20 whereas bervilium
showed the opposite relalion Although these results pomnt in fnvour of
the existence of two phosphatases i the supernatants of staphylococet
the exisicnee of 1 single enzyme wath dfferent raxehmaty to metal mn;
and showmng different pH optumum depending, on such ions secmed

possible

REFERTN\CES
ber M Brochsbank B W I & huper $T A %Ilph\lé:n]c;:} phosphatase
s Suuranidne 20 su‘fph'n ;“nculntx;::.ho:nz:l-, if;lni;«u, puogenes by The
dentific
2 Db e renti 7 Path Bact £3 6281921 \ats o activlt
7F A quonlitative studv of the th phata e
es 3 Dact 73 100 104 197



-

@ o

3

& =

%

=

3

b4

~

589

Bownn 4 € Metrobeanu I Contribution A 1étude de Ia composition chimique
des bactéries Le substances phnsphorec: au caurs de 1 autolyse bactéricnne.
Compt read soc bio} 112 £11-613 1933

Bray J € King EJ  The phosphatase reaction as an awd to the identificatron
of mcroorganisms using phenolphthalein phosphate as substrate J Path
Back 3o 315-320 1943

Cannon F D & Hawn C ¥ Z Phosphatase activity of S(uphylotoccu: aureus

of enzyme prod with and phage
pattern J Bact, 36 1092~1006 \“L‘K

Capelfato M Athvita fosfatasica negh schizomceti Boll Soc ital Biol sper
92 89-91

Carrire L & Roux J Aclinlé phosphatasique des staphylocoques Apn Inst
Pastenr 87 349-353 1

Cillissen 6 & Rula W The L‘orrclnlmn between phosphatase activity and re
sistance to pemicllin in Vicrococcus pyogenes Zbl Baht I Ong 171
781-°35 1908

Gosdon J & Cooper R E A study of the phosphorus distmbutisn in bacterial
cultures 11 Phosphatase actuaty in B colt and Staphiloroccus Brit 1
Fxp Path 73 503 508 1935

Greenberg B M Arglnase  In The Enzimes na Ea)cr PD Mardy H &
Myrba k b Academic Press Inc 4 257~267 1

Crier R § Hood M B & Joagland M B Obmuuuns an the effects of beryl
hum on alkaline phosphatase J Tiol Chem. 18¢ 289-’98 1949

Gupla S P & Chakravarts R M Observations on some biochemical reactions
of staphylacocer with specsal reference to caagulase and phosphatase pro
duction tests Indtan ) Med Res 42 131-136 1951

{nmiss W B & SanClemente . 1 Biochamical studies on staphslocoagulase
aud an allted phasphatase actuity J Bact 82 941-947 1967

Blemperer F W Miller J M € Il € The inhibition of athaline phos
phatase by beryllium J Biol Chem 180 281-288 1949

2andbect # & Tiranarayanan f O Investigations on the enzymes and toxns
of staphyJococer Study of the egg yolk reactian wsing an agar plate assay
method Acta path microbiol scandinav 68 193-131 1966

Malveaur F J & SanClemente € L Free and bound acid phosphatase in
Staphylococeus aureys Bact Proceedings 44 1966

Marhop K ¥ waev & h Klem S & Monov ¥ Phosphalase formation by peni
el resistant and scnsiuve N
45 343-218 1958

Vohan R € Pradkan S & & kar P §

l;;;ﬂ;; but coaguiase negatne slﬂphﬂocm’cl lndlan J \led “sei 9 482~

Ohsala & Mukar J I & Laslowska Sr M The use of purified miceacoceal
suclease wn 1dentifying the puclot de termmus biaring a free 5 mono
phosphate J Biol Chem 239 3198-3004 1804

Paget 3f & Vittu € Necherches sur ! systeme phosphom na te a g clez

Eschmchn colt Slaphvlococru: aur us et % albys C R Acad S (Paris)
23 216-18 1946

Paf S € & Ray 11 G Phosphat se act vity of pathagen ¢ stuphvl
J Med v 16 516-519 1963

Pan Y L & Blumenthal H J (. rreiatinn hetween scid presi’at ¢ and ¢ a
gulase production or phage t p of Stiphylococ 1 au ua J Bact 8.
173-129 1961

Rangam € U & Ratda e § 3f Pho phatase actnits of t 4!
indications of therr pathog nicity Indian J Med § & 10 6If 194

SanClemente € L & 2olte J 7 Separation of phosphna rom taphhi coa

93

wer Indian

an

Enlase preparations ) Bact 86 6D6~608

Shah a o & Rlobel I Repres 1ble alk:hne phusph.u ¢ I Staphul coc ux
s ureus § ;hn‘ 43 780-781 197
trast 1 h O & Winkier & C Carhnhvdrale metabol £ staplyl

s J Len Wyerobiol 33 213-229 1 “hol sm plul eoceus

au u
Stahets # Dic Pho ptataseprodukison der s“ph Tokokh 1 b Bereh
zur 1athogenltdt Schwerz Z alle Path latt g5 a2 e ehune



"

390

29 Twunarayenan M 0 & Lundbec] I Investigations op the enzymes and toxins
of staphvlococes Relationstup of pH to growth and production of en
zvmes Acta path microbiol scandimay 74 74 86 1963

30 Tirunareyanan M O & Tundbech H Imestigations on the enzvmes and tovins
of staphnlococe Separation of lipase fiom phosphatase and spectrophoto
metric analysis of the egg yolh reaction  Acta path microbiol seandinay
73 4:9-436 1968

31 White A L € Priclelt M J A rapid phosphatase test for Vicroco cus pyogenes
var aureus for detection of patentially strams Amer J Cln
Path 23 1181 1183 193




Lapmes s 1 oseashnas * 30 RO 1M

T ¥ Lep mment £the Gat=a Baten T al Lsbira o of > ~ekh Im Caty
PO E w1 St ckh Im 1 Swelen.

STCDIES OF ECHOVIRUS TYPE 6 ANTIGEN:
IN DDMMNODIFFLSION
I $ate on € ymprabion of Naluwe and Healed Virus Preparations

Bu
MARIDNAE FORSCRESN

e ehvil 3hoey
Dumaz the Last ten voars saverib ealerositus anthaen antbocs Maloms
Lace been analvzed with Ouchtertony el doubile difCasion Lehnigug
Tke adsantaz of this tuchmque 1s the possibilits of ubtalning quati
falive mformation on complex mbiaen intibody wwatome 3t JUSITHIY
identific tthion and compan on of diffcrant nntlyon antihody sy st
LeBourter 11957) first demonstratid specific pedpitales e agar
between preparitions of poliovarus i ha perbimung s balye
Le Bourter (1927 1909 2 ) Grassel «f al 18} Pavoand ef wt
11960 a b) Balagan (1960 1961) Sel er (1961 B2} ) (Hilan
19632 b = present author) studicd oreter dotull vonclon i i g
pohovirys Preparations wd humn cony eseent sy Postviccdnialion
sera and hvpenmmuone scrr Fwo diffe rent LR G cuennnte e gy
palnne preparations the complete nucdac and contulning N (o nm
antigen and the nuclere reid defiennt H (or () anligen tla twa gy
tizens hase been separated by denaaty g dient cenleifagalon et
vter et al 1947 Schwerd! 1907 Rarman fal 108) wd ala Iy Wivtyg
noelectrophoresis (Ofilson 196%) Durmp recenl scipw

Hie commnni Ky
HrUses huse been studied n ged doublc dEfosion b Schmld) o al
119622 b 1963 1965 1 b) An oqous to thie pollosssloms o unlhy py
sufe found 1 more tape speetfie N (%) and o growp tencting 10 (¢ !
The antigens were separated by densits pradlont conlillogntlog
I tarlh smmunodiffusson studs s of cehoviinsen ands ane prodpitate
was fornd whether wmimal hy pormmmung sea (ORnn 1003 Vbl fogy
e al 1958) or vvin human comvalesaont sorn (fafoys o8 of Tpn g
Veddliton et al 1964) were cnploscd Tutor studion tavul W gy
slence of tno antiacns 1lso for cchovirgses hose se shen tie ntign
Preparations were tosted et homaelogus consadosconl s (f gy
97eR 1966 cchovirus 6 Conmmt of al 1906 cchosdimmn | upt Moo
e 2 SONIRS b Conuntt ot al 1O o v
M etk was aided 1y & et Bom N S Halr § o pagriitte I
The shalful technica) assiston e £\ Fila Coond ¥ oMes Biapael Bromtne vy
A5t Andersson and M § fs fir tirg | weabi fully bl e whodped)
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rand el al (1968} reported that one of the echovirys & Preaipriates was
type speaifie wherens the other vue seemed o be common lso {o poho
sirus 2 and coxsackienrus B §

In ihe present paper a full report is gsven on the author s immuno
chffuston studies of echiovirys &

MATFRIALS AND METHODS

Verus strawns Echoticns § prototspe straln d Amart adapted to Hela cells Polio
virus 1 Brunhilde Pohovirus 2 wiid strain isalated o ﬁto’;kholm ™o §365) Pulio
vires 3 Bauhett Al strains were checked in neuteahization agsinst NS4 refirence
hsperimmune sera aad 1n CF with guinea pig hperietoune sera (hindly supphe?
by dr A Macrae Colindale London) for absence of contaminatfan with other siruses
employed 1 this studs

Cell strain Wela ¢ells Qutgrowth medium early o this imvestigation Parker 189
Vorgan ef al 1050) + 10 per ceot human serum was used {ater the serum con
centration was Jowered i 30 per pent with equal results The steawm and the antigens
were contymuonsly cheched for absence of bacterial mycotic and mycoptasma con
tarmmation {mycoplasma medium  Difco PPLO hrath + 20 per cent nathe horse
serum ncubation time 14 days)

Virus exlfwation Stativmary Roux bottle cultures af Hetx cells nere washed 3
thnes with phasphate buffered sahine (PBS) 40 ml Parker mechium 199 was added
and the culture nas infected 2t a fugh mput multiphaity (ahaut 10) Affer 3 hours
stationars ncubation at 35 € the medivm was removed and replaced with 13 ml
fresh Parker medium The bottles were incubated at 3a € on a rocking fable (12
ceeles/hour) to aflow the small amount of medium to nourlsh the cells. The de
generation was complete after 24-38 bours ot which time the flufd nas harvested
after 3 eycles of freezing and thawing It contamed 109~19% TCID,, fm} and 16-64 C3
antigen ynits

A few wirus batches for wmmunization purposes were simitarhy preparcd in prl
mary enltures of cynomolgons monkey hidney cells

Preparatian of Anligen for Cel Buffusion Stuidies

Infections tissue culture fimd from Hela cultures was centrifuged at 3 00 rpm
1 sn angle centrifuge for 45 min In a Spinco madel L, the supernatant was Gurther
clarified by ceatrifugation st 10000 rpm (cctor 387 foe 36 min {average § x 105 g)
and then spun at 30600 rpm for 130 180 min (average 78 X 107 &) The pellet way
resuspended 1n PES Coarse malerial was spun down at 10000 rpm for 5-15 min fn
Spmco {rotor 40 The was yscd as antigen and stored
st ~30 ¢ During the whole preparsticn pr cedure the matersals were hept at 8 G
The concentration factor was 100 tsmes by volume for echovirus 8 22-59 for polie
viruses

Antigen Preparate ns & sed for {mmunt ateos

The antigens cansnted 1§ anfeetisns Ussae enlture fluld prepared as abose ol
the freczing and thavang proves ive being  myited $iel 8 ecll gatigens nere aubjecte?
10 ope cycle of freon treatment (ana partes infectinuy tissue cultere fluid apd fre n
113 hept 8t 0 () m a Servall omnimicer fur § 5 mun 8t ahout 14 000 rpm By this
procedise the makb part of the issne anligeny ¥a remased the infectivity haugc;:r
heing retained (10 TLID, mi and & 16 Cf antgen units) (Hampnridn of al ‘h ’t
Far comparison a few matersaly prepared m muphey hidney celis were used withou

freon treatment

Crinea Pag Hopersmumune Sera
tedules fave Tatle 1) the Dillow

After of vartous n :
d with 2 sl adjurant—sicus

oerdure was adopted guinca phaa were Immuntzed

:’;ﬁl’g’:nt:mxiurc (zna partes) im and § ml virus antigen §p (% Pthaut adjusant)
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he adgorant wsed way Arlacel & + paraffis <il The ip fnfectt n (without ad
730t} 533 repeated 3 times at weekly (ntenvale A hog et fnjection was given 34
cths after the fourth mjectfon The animaly were bled ¢ne weck alter the fast
sdertson Sera were stored al 30

Taman Sesa from Patients s1th Echotirss U dnlectans

Aeuls and coms slescent sera from patients with the dispnoshy af echovims €
ufections {echovsrus § asolated from steo 1 speclmen sud/ r from cerchro pinal
tust fitre rave o Mugh titres of neutratizing antibodies in acute-convaliscent sera)
wese used Many of th cra were collected during an epldemsc n Stockholm in 14
(pon Zetpel of al 1937) Sera were Inactnnated at 52 4 30 min and sicred at -0

imumano Lffuston Tests

A meromodification on slides was used 9 ml of 1 per cont Behringnerhe Reinagar
iz PBS { solution was poured on micryseipic shdes (26 X 76 mm) Wiells were
pouched nith custers made of cannulse of the desired diameter 8 plexiglass temy lale
beng used to guide the cutters The most frequentls used template gate wells of 2
Sumeter of 4 mm 3 mm epart Primary zpar caating of the glass shdes was yer
formed Tut this was omitted during the 1ast phase of the smestigation and ne
teskage phenomena have heen nhserved
The reagents were added by means of divpossble capillars pretfes A & mm well
ohlaged 8% mi and the amount filled was quite reproducible To dimigish the
;uk of handting highlv infectious malerial the plates were marhed and placed in
arte Petes dushies before boing fitled Incubation was perf rmed 15 & moistencd
Cmimhr at room temperature average 70 ~23 €) Some preemtates did nat reqmre
T:re]ﬂnn ene dav of tcubats n after two dass s} systems were clearls visible
s were wneuhated for 7 dan s hetare belag discarded Phatographs were tahen
ek field Hununation after 1 2 and somctimes al afler 7 davs
¢ presenvatise was added to the agar

Nutlere Yerg Stmatng with dcruline Orange

uiﬁ«mn of the RNA with acrsdine orange was j erformed sccording to the tech

nm;:&'\‘{" described (Ohfzon 1961) The evcess of the reagents was removed by

prro x&{ ! ¢ shides with 1BS The shdes were frved in Carnay s fixative chloroform

o} glacial acetic arid sud then stained at pi 40 with 001 per cent acridine

o {Mercky ¥ recipitates with the beat labrle anticen showed a brllant red

I ﬂu;::?mme heat stable wntsgen did Bot stain with acrdime orange and sh wed
e

fomplement Fixation Tests (CF)

ki
uw:E Faltos Dumbell plate technique as m Gificd by S dmyr of 2l (19231 was

RESTLTS
Preciputin Reaction with Human Sera

m:“'(\;‘e anpli(n preparsiions were tesled a.amst human acute and
2enty :sccnl sera from patients with echoviras 6 mfecttons W ith most
‘(amvdcm a single hne was obtained (sce Fig 1) Thus lire was not
o with the R\A staming acridine orange (A0) However wilh
ot escer , sera two separate hines were oblamed tsec Fig 2) One
“a”.: o preapuiates shawed red fluorescence after nendme orange
hmdng while the other did not The line oblamed with acute serum
o tomiplelely wath the A0 negative hine oblmined wath consalescent

Um isee Fig 4 < and s 3 When the same sera were testod agunast

B actaring 14 4
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Fig 2 Convalescent serum from the same patient

Figs 1and 2
Human serum preeipitated with native echo 1rus 6 preparation
2 gumneéa pig reference serum  1-1€ diutions «f human serum
Dative preparation contaning \ and H antigens
—— N anligen antibody precipitate showing red fluoreseence with AQ
- -- H antigen antibody precipitate showing no fluorescence with AQ

heated (56 C 30 min) antiaen maltenal only one ine wis seen (s
Fig 5 s,and s ) This line was not stuned with AOQ

A compnarison of nabtive and heated antigen preparations igamst
human convalescent serum showed 1 reaction of identity between th
two AO negative hines (sec Fig 3) The AO positive line showdd a re
action of non wentity with the AO negatne hine of the heated pre
paration

Thus natine preparibions of echovirus 6 contaun two different
antigens one heat labile AO staning (\) and one heat slable AQ

negalive antzen (H)



Com Fiy

“k;:;llnn f matve and heated «chosy

wepn ;tnrum A natwe prepar tion ¢
mu precipitating 1 H

antibodee acasost ens

s agaast a human con
JdHaotigens 1 4 heated
alescent serum cantainiog

Iuorescence + 1ith 10

T N antigen gutibody precipitat
luorescence with 10

==~ H antigen antibndy precipitat

ns appear w human sera
rises a,amst one or both
t vera (compare Figs 1 amd

Precipilating antibothes agaist |
during infection with echovirus 6
2ens are often obtamed 1w conv
24 detarfed Paper on this subject published

Prztlllmn Reaction unth Sera from « wna Pros Hyperunmant od with
atwe Echavirus 6 Preparatian

A\o Preciitating antsbodies were puesent i any nornnl guinea pig
3€ra festod

3:: Tght be expected animls munumized with nniigens 1 al a(ljlu
sera : owed the best antihody respouse {se¢ Table 1) Accordingly
may, TOm such animals were uscd wn sub guent worh Sera “lc\n
a Jl‘n‘ed at 56 C 40 mm before use $ companson bitween natne
"\ Beated serg did not show anv diffcrence m fhe results howewr
m hen testeq agamst some native wtigen batches scra from ammads
m’:‘;m:m with natrve echovirus & preparions e ise to I:;o S‘;p:‘
nat s one A0 positne ind one AQ negaine (sve Figs t»‘ l) ﬁh
uunre antigen preparations howcser e only one prt‘uplln‘c v‘»us
st S2Me sera (see Figs 1 2 and 1) Ths smsle prnupxu\ s

*ned wath acrdin orange and fuccd completely with both the l;‘ and
srrg“‘mp"al“ obtained with humn comvbescent scrl"\a‘\r\‘“x‘;‘"
rmm““"“ iy, 4 seras;and s ) \ hen compared fo n ! ]n st
o h'ﬂed “uh 2 human serum there was @ fusion hils leml i
forp::z(:n“;lh gumer pig serum and the l\;r‘xlx'm~ ,ll]:rn Ry

ceurred (sce Fi, 1 serum 1) T

Feaction w g, AO A reasonable explanation wonld « 1! be that the

3



Fig 5 Heatel virus [reparali o

Figs % and

Human sera and guinea pig anti echo 6 immune sera preciitate) with ech virus 6
antigen preparations s, human convalescent serum contaiming antib di  active
apamst \ and H antigens s human acute phase serum contaiminy antit {1 s active
against H antigen s, guinea pig hyvperimmune serum against nalne cchovirys ¢
s, Fuinca pig hyperimmune serum against heated echovfrus 6 4 viru prejara
tion containing \ and Hantigens [ A heated at 5¢ ( 30 min ¢ mtainin, M antigen

——— \ antigen anhibads g recipatate showing red fluorescen  witl A0
— -~ H antigen antibody precipitate showing ne fluore ren with A0

two anligen antibody precipilates (N ind H) were superimposed on
each other

When the same animal seri were tested agunst heoated anbigen
(56 C 30 mm) 1single preapitite was alw s obtuncd Ths ine was
not stained with A0 nnd fuscd complitels wath the 11 line obt uned
with humn sera (sce Ty, % seris, and ) A comporison hedwan
natine and healed wntinen prepartions apninst Inpormune serum

was also done Agun the AO negitive hines fused comphtely (i 6)



Comparison of natrve and heat avire 3w L
serum A natrve virus pref © nt ! eHar P
58 €36 mumn preeipitating as ~ui 1 Timm T oot
echos ¢
—  antigen antihe it s g el
—-~ H antigen antib ¢« ipit t s v one M t

®
'-\ —
® @

Fus 79
:h!orplmn of guinea pig anti cchs 6 mmmure serun w U eel ) 63 reparait o
eated for 15 man (Fig ) 30 min (Fig 8) and 60 ma (Tig 9) at 86 € 5 Usn
shsorbed gumen pig hiperimmune serum gain £ naty € cch viris 6 cont 1o ng AL
Yodie against N and H & tigens  Serum x absorbe 1 wil virus preparalian Reated
for a 15 mun b 30 min ¢ 60 mun A Nali ¢ wirus prejarat n contariing
\ and Haitigens
~— N antigen antibod precipitate showing rel flu re cen ¢ \ath A0
-~ H antigen antihady precipitate heving no flu re cence with 40

Heating and Absorption Experuments

I chovirus 6 preparitions were he \ted for 15 30 or 60 min at 26 c
Frecipitabions with the different heated matery \Is a.anst one of the
above mentioned hyvperimmune sera were done The same heated pre
Parations were also used m ahsorpton experiments on tht same secum
For ths procedure antigen nd sorum were mixed n equal praportions
and filled 1mto the cups without furthcr meubation The followmng
tesulls were obtamed heatim., of the wrus prepar Hhon far to nun
Tesulted 1n loss of the AQ posilive componcnl onis W A0 negilive
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Fig 10
Guinea pig by perimmune serum prepared with echovirus 6 heated at 56 C 30 min
precipitated with echovirus 6 antigen preparation 16-64 serum dilutions
A virus preparation rontainipg » and H antigens
—— \ antigen antibodv precipitate showing red fuorescence with AQ
~~== H antigen antibod precipitate showing no flu rescence with AG

Precipitate being observed However absorpltion of the serum with the
Same material resulted n 2bsorption of antibodics a,unst the N as well
as the H anbigen (sce Fig 7) The preparation heated for 30 min also
Precipitated as H antisen onlv (sce Figs 3 and 6) but absorbed ants
bodies preferentially agamnst the H antigen (sce F1g 8) Healing, for 60
mm resulted m no or very weak precipitating H actinaty wnd this pre
Paration had no significant absorbn,, eapacily (see Fig 9)

These absorption cxperiments demonstrate that alse in gunea pig
Byperimmune sera antibodies agamnst the N and H antigens are present

Precipitin Reaction with Sera from Guinea Pigs Hypcrimmunit ed with
Healed Echovirus 6 Preparations

Gumnea pigs were immunized with echovirus 6 preparations heated at
56 C%0 min The preparations were otherwise the same as those used
abore The remamng mfectsaaty was low (at most 05 TCID,,/ml}
Stra from these amimals howeser showed antibodies not only aganst
the H hut also a,amst the \ antigen (sce Table 2 wd Fig 1 serum
S andFig 55,) Most of these ammnl sera when tested ajainst natie
anliyen Preparations gave two precipitaling systems not supertmposed
{11, 10) These sera contuned nentrahzing antibodies to Almost the
same titres ag the sera prepared agunst natne echovirus 6

M hypermmune ser1 were tested 1n immunodiffusion 1md comple
ment fixation for antihorhes against poliovirus antizens o antibodies
I3l either the ™ or the H antisens of the threc pohovirus types could
be demonstrated

Reactions with tissue antigns did not interfcre n the present ex



