


ACTA PATHOLOGICA
ET MICROBIOLOGICA
SCANDINAVICA
VOL 56






ACTA PATHOLOGICA
ET MICROBIOLOGICA
SCANDINAVICA

REDACIORES

C G AnLsTROM O JaRVI h A JENSEN
Tund Aho Kebenhavn
G LoFsTroM h O RrakoneN G TriLuv
Lppsala Hels ngfors hebenhavn
OLAY TORGERSFN TH M VOGELSANC
Oslo Bergen

REDICFNDA CURAVIT

R A Jeases
kot enhavn

COLLABORANT
IN Dania J Bichel M Chnshiansen J Clemmesen A F Folger W Munck
Poul Metler h Sand 3 Orskon
In Feanta F Mustakallio \ Oker Blom h Setala M Tewr U Uolla
1 Wallgren
In Nomwecia R Eher
E.Waaler G Waaler
Stecta M Bergstrand B Engfeldt R Fihraeus F Henschen G Hult

quist C hlng F Linell J Mellgeen S Ranstrem N Ringertz L.Santesson
F Sjovall A Wilton

S Dck Henrihsen L hresberg O H Lahelle

z

VOL 56 1962

MUNKRSGAARD ‘l\UBl NHAVN 1962






INDEX
VOL 56 FASC 1-4 1962

tho k 4 Konttinen W Rayasalmi und O Wager Transient appearance of lhe
rheumatoid factor 11 connection with prophslactic vaceinat ons

tho R A Sterers K Sumons and O Wager Serum disappearance rate of
gamma globulin 0 rheumatoid arthritis

Arffmann F A case of Brenner tumour in malignant transformation

Asbae Hansen G and Hilde [evr Mitotic disision of tissue mast cclls #s
dicated by the uptake of tritiated :h;d:mxdmc

Bentoon M Weis Ilvguu and
to

Acquired

n guinea pigs \amnaled wnh
amall or & largt dose of BCG vageine

Berge Thorbsorn and rhabx tosis of the heart

Berglund G Immunoelectrophoretic studies on fibrinogenolysis and fibrino

Nysis

Bing Jens Menal hvpertension in remin depleted rats (Relation hetween renal
reman coutent and hypertension 11y

Ing Jens Angiotensinase content of kdnies s of normal and by pertensive rats

Bonre hyell and § D Henrtksen Ap approach to transfomation studses 1n Mo

elta

Burstern Josef ~n7 tnst TUE e £ ao s
Lnate on - .

€ hristiansen ¢

2
apathogenic stram

 heistiansen Aage Hetn Studics un the antigenic structure «f Treponema pal
m 3 Antigentc pmpmm of polysaccharides 1solated from Retter s

apathogeme stramns
Clisen J and P R Kast \ud pol harides 1n Micracoccus (Sta

philococcus aureas)
Clausen Ole G favestigation into the bacteriostatic and fuogistatic effects of
certain antimscotic substances in aquenus solutions and ncorporated in

wmtemcnts

Y
Omter 7 T “Dhiitpesn Rebekha Kyersgaard and G Linfbom Th
respiratory tract infections in militars personnel 4 The re.-fu’:,"ml"g‘ of

Fpn -

Fiche s .
P
[P R A o .
« .
P .
‘ . PR N - a
. ..
- . eusuLd

i

143
393

29



Munksgaard
International Booksellers and Publishers 1td
6 “Norregade Copenhagen h Denmark

©

MUNKRSGAARD
1902



INDEX
VOL 56 FASC 1 4 1962

tho R 4 honltinen M Rajasalmi and O Wager Transient appeatance of the
theumatodd factor in connection with pre phylactic vaceinat ons

tho K h Stevers h Sumons and 0 %oger Serum disappearance rate of
gamma globulin 1n rheumatoid arthritis

Arffmann F A case of Brenner tumour tn malignant transtormation

Asboe Hansen G and Hide Lepi \itotic dnasion of hissue mast cells as m
dicated by the uptake of tritiated thydimidine

Fntoon M Wets Mogens Mugnitsson and Andr Jespersen Acquited resistance
to tuberenlosis and tubercutin sensitivity 1n guinea prgs vaccinated with
a small or a large dose of BCG vaccme

Herge Tharbyarn and thah tos)

Berglund G~ Immunoelectrophoretic studies on fibrine:

of the heart
genolysi< and Hibrinn

vsis

Bing Jens Renal h pertension in renin depleted rats (Relation between renal
remin content and hypertension 1)

Bing Jens Angiotensinase conlent of kidneys of normal and hypertensive rars

Bonre Ryelt and § D Henrshsen An approach to transfomaticn studics 1n Vo

raxell

Burstern Josef and Anttr Telhka Filect of micotinie acid and magnesium nico
tinate on cholesterol induccd athernscleross n cocherels

L hristiansen 4age Jlen Studics on the antigenic siructure of Treponema pal
hdum 2 Iwolauion and punification of pelvsacchanides from Heter's
apathogenic stratn

Chnstiansen Aage Hem Siudhts on the antigemc struciure of Trepunuma pat
hdum 3 Antigemic propertics of polysaccharides 1solated from Reters
apathogenie strains

Clausen I and I* Rosenhost
phalocaccus aureusy

Clausen Ole & 1

»
Acid mucnpolysaccharides in \licrococeus (Sta

I3 into the bacterinstat " effects of
certain antimycotic substances 10 agueous solutions and incorporated in
oiptmen!
tlansen Ole ¢« and Guanar Steensholt An imvestigation into the bacteriostatie
and fungistatic cffects of certain chemical compounds particularly wath
e to their possible applicaticn in chemotheraps
Tatlamt

Hinielss sn Dan and Hans 1) n of b by the
racic duct lsmphacytes
Iater 7 1 Philipson Itebelka hjersgaard and 6 Lindbom The aetialogs of
atory tract in military p

The recovery of Cox
ackic A 21 sirus from cascs with minor respiratery discas

Hlgys Ryelt M Intraspinal hemorrhages in newhorns
Frebera Giuseppe and Ingn Hogerstrant Stodis on vascular changes v chra
me lung congestion 1 Blnad vessels

¥ isagreen ¥ £ Fall
mit Veranderungen im Darm den Lvmphknoten des Mesenleriums, den
Ovarien im Utcrus der Harnblase und im Herzen

;:lr’l’r Jorn Acule vascular discase caused by severe renal ischemia

Golte

en Lars Influence of thirovin an regeneration of the Iymphatic Lssue

atler cortici sterad induced involution A quantitatie study in gurnes
PIas

10>

mn
399



V1

Gullensten Tars The cdlular composition of Iymphatie trssuc durimg involu
tion after administeation of cortrcosterord A quantitatnve study 1 gm
nea pigs

Hagerstrand Inga and Gruseppe Fichera Studies on yascular changcs 1 chro-
mie lung congestion 1 Blood vesseds

Hallander, Hans and Dan Danielsson In vitro production of antibodies by
thoracic duct Ivmphoesytes

Hanson Tars 4 and Tars & Vidsson Studics on C reactive protein 2 The pre
senee of C reactive prote n during the pre and neonatal perrod

Harboe Ardd and Odd Strandli The normal scrum cofactor in the hacmay,
slutinntion inhibition of influenza A virus of low antibody sensitivity
by carlv conyalescent ferret serum

Haul cnes Gunnar Serological tvp ng of Staphslococcus aurcus

Hediund P F Lycle and & Tibblin The association of acute benagn periear
ditis in rdults w th Coxsachie B 5 virus infection

Heanertz A 0 An hospital intoxication by B cereus of 1 somewhat unusual
character

Helgetand & O [ahellc and J Jonsen Gel filtration of SI polvoma virus hae
magglutinin on Scphadex

Henridsen S D and Rjell Bitre An approach to transformation studres in
Moraxella

Henridsen S D and P F Joner Production of hvalurenic acid by a stram of
Streptococcus 2y mogenes

Mirschfcdd Jan and Bo A Misson Immuno (lectrophoretic studics of serum
protans with particular refercnee to the Ge svatem an exchange trans
fuscd newborns A prehminary report

Hpcrtquist Sten Olof and Olle Westerborn 1 et of experimental cpiphyvaio
1ssis on the morphalogy and function of the growth zone

Iversen Olc I The influence of estrogente and androgenic hormones on mast
«t1ls and conncetive t ssuc in uterus of guinet pig

Jensen € Hyldgaard and € Rindom Schiof! A mouse pathostnic stram of

para influcnza virus ype 3 reolated from cattlc
Jensen Jorgen Gars An eledtron macroscopre study on the morphology of the
clastin 1n foctal humnan aortas
Jesperscn Ande W Wers Bentzon and Meqgeons Magnusson  Acquirdd resistance
to tubcrculosis and tuborculin sens Gty g guinea pigs saccinated with
A small or a larse dose of BCG vacane

Joner P E and § D Henrdd sen Production of hyvaluronie acrd by a stram of
Streptococcus zyvmogenes

Jonsen J A Helgeland and O Tahclle Ged filtration «f 81 polyoma virns fine
magglutimn on Sephadey

Rauffmann F and 4 Petersen Zur Serologie der Salmonella O Grup pen 28 10
4% und 47

hauffmann I and R Rohde Zur \cranfachung der serclogischen Salmonella
Diagnose

R} Hander J O Swvers and Th I Vogclsang A furthcr comparism betsean
the Reiter protein complement fixation test (RPCE) and the Trepenema
pillidum immobilization test (18D

hycrsgaard Rebella G Lindbom 7 Dintcr and I Philrgson The actiol wy of
resprratory tract infeetsons in military personned 4 The recovery of Cox
sackie \ 21 virus from cases with miner respirat v discasc

Aonttinen 4 M Rapjasalmi O Waqer anl A tho  lransunt appearince of
the rhaumatoid factor tn connection with prophslactic vaccinaty ns

Aufonen F nd J Vizmlo Correlation of tenwle streneth and chama ol com
position In ¢xperymental pranuloma

Tajergren Curt and Arne Iyunggrist The Ask Upmark {idnes 3 congenital
renal anomaly studied by miero anciseraphy 1nd histologs )

Tagerlf B ngt 1ran\(|vlfnn[].1ll n studics with ¢hremosome labelled ervthra

115 of fon

Fa T erem and & Helgetand Gl filipation ¢ S polsoma sarus

hacmapnIubmin L n o ot dnssion «f tiseuc mast Il s

fert Hiide and G Asboe Hansen
dicated by the uptabe of tritiated thymidine

3
106



A3l

Lind 4 and Margareta Norfin Oxygen ecnsumption in Sauten cultures of
n us mscobacteria

lvndb.:r: zm; Dinter L Philtyson and Rebekha hjersgaard The actiology of
resp rator) lract infections 1o mihitary personnel 4 The recovery of Cox
sackie A 21 virus from cases with munor respirators discase

Lithander Arne and Brita Lithanfer The passage of prmicillin into the cere
brospinal fluid aftter parenteral admimistration in staphy1 coceic me
ningitis 1 An eYperimental mvestigation on rabbits

Inthander Brita and Arne Lithander The passage of penicillin into the cere
brospinal fluid after parenteral admimstration in staphylococcic me
nogiis 1 An experimental investigation on ralbits

Ljungguist Arne and Curt Lagergren The Ask Upmark hadney A congemial
renal anomaly studied by micro anglography and histolog)

1 fhowst Thorvatl and John Sjoga st Chemucal and serologscal analyses of

antigen preparations from Staphylocrtras auTeus A tompanson betneen

the products obtained by Verey s and Jensen s techmques

[

fon of acute enign peri
card tis o s lults = th Coxsachte B-5 virus tnfection
Magnussan Wogens indr Jespersen and M Wews Hent on Acquired resistance
to tuberculosis and tuberculin sensit \ity 10 guinea pigs vaceinated sth
& small ot & lafge dose of BCG vace fe
Meger Peter A case of careinoma adenosdes cyst cum arising 1n the spenoid
nus

Moller O Some technical aspects on the Lowenstein culture

Miller 4 A new transport med um for bacteriolog eal samples

Manch Bente Staut  On the specificity of complement fixation tests for typing
of € xsack e v yus strans

Mirtensson L Ant: Gm molecules with dist netly different phys co chemical
1 ropertics

Satiry Jacab B Infectious mononucleos s with multeple organ involsement
¢ milcated ¥y g «eu Jomembranous larsngotracheitis An autopsy report

Vilsson Bo A anl Jan Ilirschfell Immuno electrophoretic studies of serum
rr teins with pal;klrul:r reference to the Cc svstem in exchange trans

The pre

w vitro
and the

v Nwgwets anl 4 Linl Owgen consumption in Saut n cultures of
nvm as myenbactenia

B
Migren H ¢ ntinuel stulies n €1 stridiom perfringens and Bacillus cereus
s causel of f d porsoning
Dejaster Harll Feoliction of antisera to B rmal human ervthr 3 tes
o < ‘-u l"vuﬂ;,lnn ;ﬂ}’le;c s,;;-n(:lc lanllbmhes and {ound ¢ mglement (Fi(‘)
sasler Harall an Peler Ostgdr] Nsturally

an! thear abilits to fix ¢ m‘l’ltmrn Iy recurring ante & nd ants B

g} Teler an! Harall Oeiaszter Natura

W o ccursin
rey ™} e 2l 1 Ko fie g ment *FIRE a0t A and anti
rell S R Subcutanc us granul mata f 0
e a 1 wing in culati o of nfluenza

Falle & Hetoan Bo Zetterberg A centributio
nt the studs n ih
»f ataspitomie ws (1) myeos s} i redents in Sweden o
Ietersen & and £ Rauffnann 2ur Ser | gie der Salm nell

40 43 und 47 * 0 ¢rovpen 28
Thitpeon € feb 10 & . he actiology of
Te pirat v o
T . - . l;c Tecovers of
Rajasatmi 31 0 ' . B ! :I:;l;:r.nn: of

vaccinati ny

29>

e
87

110

467

478



AR

Raokde, R and F Rauffrann Zur 3 cremfachung der serofogischen Salmonella
Diagnose
Rasenhast P and J Clausen Acid mucopolssacchandes m Micrococcus (Sta
phyvlococeus aurcus)
Saven Eriki Ansst Tenhunen and aurt Savén The significance of histological
duiagnosts in glindular tovoplasmosts
Saxen Iaurt, Frhke Sarén and inssi Tenhuncn The significance of histological
d is 1 glandular toxopl i
Schebel Songa The use of filter paper dises for agar gel preaipitation
Scheott € Rindom and € Hyldqaard Jensen A mouse-pathogenie stram of
para-influenza sirus type 3 1solated from cattle
Stevers A Kk Sunons (0 Wager and A {ho  Serum disappearance rafe of
#ammnr globulm in rheumatoid arthritis
Stevers O Th M Vogelsang and J Rjellander A furthcr comparison between
the Reiler protan complement fixabion test (RPCT) and the Treponuma
palhidum immobthzation test (TP1)
Sumons A O Wager A tho and A Sierers Serum disapperance rate of gamma
globulin 1n rheumatoid arthritss
Syoquist John and Thorvald IofArist Chemreal and scrologieal analvas of
antigen preparations from Staphslococcus aurans o comparison between
the products cbtatned by Verwer's and Jensens tcchniques
Share F o Weaverfish toxin Some physico chemreal and immunoldgieal ob
servationy
Steensholt Gunnar and Olr G Clausen An imvestigation anto the hacteriostatic
and fungistatic effects of certan chemical compounds particularly with
a view to thewr possible abphication 1n chemotherapy
Strandl 0dd and Arild Harboe The normal serum cofactor in the heamaggln
tination anhibition of influenza A2 virus of low antibody sensitnvaty Iy
carly convalescent ferret serum
Sorensen Bent Lo Biological data of the H A 1 tumour
Telhha Antty and Joscf RBurstan  1ffect of micotinie acid and magnesium
nicotinate on cholesterol induced atherosclcrosis in cockerels
Tenhunen Ansst Taurt Suven and Frike Saxén The significance of histolosic ol
diagnosis n glandular toxoplasmosts
Thorell Jan 1 The plantal transfor of msulin antibodies
Thunold Svewn and Per Wetteland 1lecr carcmoma of the stomach i a 10
vear bopsy series 4 follow up studsy of 19 patients
Tibblin G P Hedlond and F Tyeke The assoctation of ncute haugn pon
carditis in adults with Coxsackic B 5 virus infoction
Vrjanto J and b Rulonen (orrelation of tensie strength and chemical com
position 1n exp¢rimental! granuloma
Virtanen Sime  Differentinl absarption tests in the diagnoss of anfectis

mononucleosis
Virtancn Stmo  Ineidence f infectrous monmuclensis antibodies i blocd
donors

Fardgman  Sews  Whverplaon potlerms sn he defferentral sbvorntion test for
infections mononucleosts

Vogedsang Th M J Apcllander and O Srecers A further comparinon between
the Reiter protems complement fixation test (RPCF) and the Treponema
pallidum immobilization test (TP

Volkert Mogens Studies on immunological tolerance to TOM varus
runary report an adoptive immumzation of VIFUS varTier mice

Wager 6 A tho 1 Aonttinen and ¥ Rajasalmu Transent appearance «f
the rheumatord factor i connection wath prephyvlactic vacanations

Wager O h 4ho K Stwovers and R Simons Serum disappearance rate «f
gamma globulin 1n rheumatmd arthritis

Wahlstam Lennar! and Birgite Vorkrans Comparison hetween an an s
nduced pemallin G resistant stramn of Staphiylccocius aurcus and thy
corresponding parent stramn 1 Immunologieal studies

Wallersirom 4Jf A simple Diochemical tripple gest  for preliminary wdents

roup A streptococcy

" t'slc{rlgzlrl:"l)(};vgnndpﬁmn Olllof Hjertquist Fifect of experimental cniphysio

1vsis on the marphologs and function of the growth zone

A prc

120

191
431
266



39

Wetteland Per and Spewn Thunold LUlcer carcinoma of the stomach {p a 10
year i psy series A follow up studs of 19 patients

Fetterberg Bo and Heits Paldroh A contrshution to the study on the occurrence
[ adtaspiromseonis (haplomycosis) in rodents m Sweden

F o See e

& See O¢

 See O

Adiaspiromueosis (haplsmycosts 1n rodents in Sweden { contribution 10 the
siudy on the occurrence of —— by Heiti Paldrok and Bo Zetterberg
Angiotensinase eontent of hiineys of normal and hypertensite rats By Jens

Bin
dnlt 4 afnd antt B ard thew abilily for fix compliment \Naturolly occurring
_ by Peder Ostgdrd and Harald Orjasater

Antibodres by thoracic duct lymphocgles In piteo production of . hy Hans
Haltan ler and Dan Danielsson

Anfisesa fo normal human erythroeytes coatel wnth incomplele specific ants
bodtes and bounl comylement (FAC') Proluction of - by Harald
tirjaseter

Aortas An electron mucroscopte study pn the morbhology of the elastin in

- .
..
Jelptnyens gnt = Dy B Nygren
Hacteriotagical samples A new transpor! medium for by A \lsller

Bactermstatic anl fungistatic effects of cerlain antumycotic substances

aqueonts soluttans and incorjorated 1n ointments Incestigntron info the
by Ole G Clausen

Racler stalte an it fungstal ¢ effects of rertain chemical compounis partt
cularly with @ oiew to thetr possible applicalion wn chemotherapy An
intestigation nto the by Gunnar Steensholt and Qle G Clausen

B cereus ¢f @ someu hat unusual character An bospilal intoricats n by
by N O Hemertz

BOG vacene Acquite ! resistance {0 tubercalssts gnd tuberculin gensitinly n
gutnea Jigs tacetnate! with a small o1 o large dose of nir
Jespersen \t W eis Bentzon and Mogens Magnussin

Hrenner tumour wn malgnant {ransformation 4 cgse of by F Avffmann

Carcinoma a lenot les cysticam arising 11 the sphen il stus A case of

Eeter Mever "
Caretnoma [ the stomach in @ 10 year biopsy sertes A follow-up stuly of 19
o ',,,,‘:,mu Llees by Svein Thunold and Per Wetteland ” v ol

ostritiem perfringens ant Racllus cererus oy ronses of food

Contnued stu ltes on by B N\ygren T fond possoming

¢ nnectite bissue in uterus of gunea pig The nfluence of estr
an ftogentc hofmones an mast cells and %y Ole B )u(:.:e.v ogeme and
torte sterit lh L quantitatioc tuly in guinea pigs The cellular composition
of tgmphatic fissue during neolution after al -
of lormphane b fter alministration of -~ by
rHicostercit i luced wnpolufion A quantitativ
e sludy wn gwinea pigs In
fiuence of thurosin of generation of the |y h b
‘ frutner ol thire d lymphatic tissue after by
orsackie rirus sfrans Qn the apecificity of complement
s o i On the specifict o ent fization ftests for
oxtackic A 21 11us frcm cases unth minar res,
prratory diseas
of Fespratory Hact infertions on wiitary. petronnel s Thy recer
rumw}:’v’ TNebekha hersgaard G Lindbom 7 Dinter and L. Phitipon d
& mesva edootios TXassaciation af ecute benign pert
r
afults ETyeke and G Tobbiin. Lo i dn

155

193
253

15
108

3y

29

=

By

"o



AN

¢ reactu e protewn 2 The presence of € roactive prolemn during the jre and
neonatal pertod Studtes on ——, by Tars 4 Hanson and Tars ¢ Niisson 10)
Flastin 1n foetal human aortas An electron microscopic study on the mor

phology of the = by Jorgen Gars Jensen 188
Fostnophule granulomatosis Fin ungewohnlicher Fall mut Verdnderungen in
Darm den Iymphl noten des Mesentertums den Otarten mm Uterns der
Hurnblase und vm Herzen By Johannes Fossgreen
Fpiphysiolosis on the morphology and function of the growth .one Fffect of
expertmental — by Sven Olof Mycrtquist and Olle Westerborn
Fibrinogerolysts and fibrinolysis Immunoelectrophoretic studies on ~ I
G Berglund 11t
Fungistatic effects of certarn antimycotic substances 1n aqueous solutiins anl
incorporated in ointments Iniestigation into the bacteriostatie and
319

by Ole ¢« CGlauscn
Funytstatic effects of cerlain chemical compounds particularly with a prew
to thewr jossible ayylication 1n chemotherapy An investigation into the
327

bacteriostatic and —- In Gunnar Steensholt and Ole G Clausen
Gamma globulin 1t rheumatord arthriis Serum disappearance rate of by
K tho K Sivers K Simons and O Wager 10

Ge system in exchange transfused newborns A preluminary report Immuno
electrophorelic studies of seritm profeins with particular referince to the
~ by Jan Hirschfedd and Bo A N\alsson i
Gm molecules with distinclly different phpsico chemucal projerties Ant
by I \Artensson e
Granulyma Correlation of tenste strength and chenucal composttion in cxperi
mental by J Vilfante and | Rulonen
Granulomata follounng noculation of nfluen~a 1accine Subculaneous IS
R Orell 127
Granulomatosts Fin ungews hnlicher Fall mil Veranderungen um Darmt
Tyr mhinoten des Vesentertums den Ovirten um Ulerus der Harnblase
wird om Herzent 1 astnaplule by Johaanes Fossgreen 3
Haemorrhages in newborns Intraspinal by Kjell M Iggo 1
H A { tumour Beoloqical data of the by Bent 1 Sarcnsen ]
(Huy lomycosis) n rodents win Sucden 4 contributon to the study on the
occurrence of adiaspiromycoss by Heti Paldrok and Bo Zetlerberg 6>
Hematology Revtew Atlas of avian  ~ by Alfred M Tucas 2

den

oo xan
Influen-a A tiwras of low antibody sensitioily by early contalescent ferret
serum The normal serum cofuctor win the haemaqgiufination wiubdiiion of a1

by \rild Harboe and Odd Strandl:
Infiten a vaccine Subcutanrcous granul foll ulation of
by & R Orell 127
Influenza tirus tpje 3 1solated from caltle A mouse jathogente strawn of jara
by { Rmdom Schiatt and € Hsldgaard Jensen e

Insultn antibodies The placental transfer of by Jan I Thorell
Atinep A congemital renal anomaly studied by micro angiogray hy and histo
loqy The sl Upmark by Arne Ljunggvist and Curt Lagergren
An autopsy report Infectious mononucleosts with multiyle

Iaryngotrachestis
argun inpolvement complicated by pseudomembranous -~ hy Jacob B 250
Natvig

ICM virus A pr y rejort on adoptive tmmunt alion of virus carrier

mice Studies on immunological {olerance to by Mogens \olkert 305
Leulaem a cills of fow!l Transplantation studies with chromaosome lal clled
eryth o — by Bengt lal.erh,f @ bs O \oller :gg
spects on the ;
Lowensten cullure Some technical aspects tar Dhanges n ehronic

Luny congestion 1 Hlood vessels Slullllln on las:u 7
by Giaseppe Iichera and Inga Hagerstrand

Lymphatic lissue after corticasterord induced i olution 1 lluunlztalule .-:u Iy
wn guinea pigs Influence of thyroxin of generation of the - by I ars 2

Ghllensten



X1

or d 4
{ hatic trssue during after aln of ¢
T antitative study 1n gunea pigs The cellular compostitan of - by Lars
Gy llensten

Lymphoeptes In viteo productian of antibo hes by fhoracie duct ~ , by Hans
Hallander and Dan Danielsson

Vast eells and conneetive lissue n uterns of gumnea pig The influence of
estrogente and androgenic hormones on —~ by Ole H Iversen

Atast celts as tndicated by the uptake of tntrated thymedine Matotie drsion of
tissze by G Ashoe Hansen and Hilde Levt

Medwim for bactertological samples 4 new {ransport by & Moller

Merngitts 1 in expertmental intestigation on tabbits The passage of pemt
eiltn nto the cerebrospinal flurd after parenteral administration in
staphplocaccic by Arne Dithander and Brita Lithander

Microcaccus { cus aureus) Ared - by J
Clausen and P Rosenhast

Maononucleasts  Absorption patterns sn the differentrial usbsarption test for

wnfectious by Simo Virtanen
Mononucleasts antibo lies tn blood donors Inctdence of infectrous by Simo
rtancn

Mononueleosts Infferential absorption lests 1n the diagnosis of infectious
Simo \yrtanen

Vononucleosis with maltiyle organ tniolt ement complicated by pseudoment

branous targngotracheriis An autopsy report fnfections —— by Jacob B
Natuig
Morazella An approach fo transformation studres tn by hjell Binre and
s Henriksen
[ s m Micrococeu aureus) detl— by J

Clausen and P Roscnkast
Mgeobacteria Qrygen consumplion tn Sauton culluves of ananymous
A Lind and Margarcta Norhn
Penierltn G resistant stramn of Staphplococcus aurets and the corresponding
iatent stean 1 Immunological studies Comparison between an ut vitro
nluced by Birgatta Norkrans and I cnnart Vahlstrom
Penteddlin_tnto the cerebrospinal fluid after parenteral admimstration in

- b

n esp. 0 on tabbus
e passage of by Arne Lithander and Brita Lithander
1ericarditis tn o lidts with Coxsackie B 5 1iras infection The association of
ary benran Py P Hall ad b 14y B R TR
1o
ir by Sonja Schabel
Pratern 2

the presence of G reactte protemn during the pre and peonafal
iertad Studtes on ( reactite by Lars A Hanson and Lars A “alsson

Rester pratein ¢ymplentent freation test (RPCF) and the Treponema pallidum
tmmobily atton test (TPI) 3 further comparison belween the —- by
fydlander O Sievers and Th M Vogelsang

Renal ischacmia Acute tascular disease caused by secere by Jorn fhese

Remn leplete t rats (Relatiom between renal renin content and b

ertension

I Renal by ertenston n by Jens Bing o N
ftee - . . overy of Cassackre
. © The artituyy of

=nd 1 Philipson

;”. awrhjorn Berge
KYeuniatont arthriis Serum disappearance rate of gimma globulin 1 - in
il 1evers b Simons ant O Wager

Rheumator ! fictsr i connectton with pro
phylactic pacetnatyins Transient
appeatance ¢ f the v R \ho 4 Kontlinen Vf R:
Salmonell s Inagneae Zur Veretnfachun, holmt and 0 W ager

der serologischen by hauff
200 and BR fde

almonell 1 O Grugten 2% 80 35 unl 57 Zur Sersloge der v F hauff
mana ani 4 Vetessen

SEopolyoma viras haemagluttnin on Se,
phaler el
Jdonsen K Melgelant and O Lahclle o fltration of - b 3

1
219

415
399

362



AT

Sphenord sinus A case of carcinoma adenotdes eysticum arising i the -
by Peter Meyer
Staphylococere meminqutis { An experimental tnpestigation on rabbils The
pastage of penwrllin into the ccrebrospinal flurd after parenteral ad
munistration in by Arne Lithander and Brita Lithander
Staphylococeus aureus A comyarison behween the produets oblawned by Jer
et s and Jensens techniques (honteal and serologreal analysts of
anligen preparabions from by Thorvald Lofkvist and John Sjequist
Staphylocoecus aurens and the corresponding parent stramn 1 Immunological
studies ( omparison between dn i miiro induced pemediin G resistant
stran of -, by Hirgitta Norhrans and [ ennart Wahlstrom
Staphylococens aureus Scrological typing of - by Gunnar Haukenes
Streplaceccr 4 sumple btochemical * tripple test  for preluninary idénlifreation
of group 4~ In AIf Wallerstrom
Streptococcus gpmagenes Production of hpaluronse aend by a stram of -
b S D Henrthsen and P F Joner
Taxoplasmosts The siptuficance of histologieal diggnosts in glandular by
Laur Saxén Erkkt Saxen and Anssi Tenhunen
Treponema pallidum ynmobili-ation test (TPI) A furthor comparison belween
the Retler proten complement firation test (RPCF) and the bv 4
hyellandcr O Sicvers and Th M Vogelsang,
Treponemia pathdnm 2 Isolation aad purification of polysaccharides from
Retter s apathogente strain Studies on the antigenie structure of - hy
Aake Hemn Chrishinsen
Treponema pallidum 3 Antigemec properties of polysaccharides isolated from
Retter s apathoqente stramnt Studics ont the antigente structure of by
Aake Han Christianscn
Tuberculosis and tuberculin sensitu ity tn guinea pugs vaccinated with a small

or a fargp dose of BCG taceine  icquired resistance fo by Andr
Tespersen M Wess Bentzon and Mogens Magnusson

Tumour Brological data of the HA 1 by Bent L Sarenscn

Tumour tn maltynant transformation 4 case of Hrenner by [ Arffmann

I lcer carcinoma of the stomach tn a 10 year biopsy series A follow up study
of 19 pattents By Svein Thunold and Per W etteland
Vacetnaltons Transient af pcarane of the rh, tord factop tn connec with
prophylactic by h Aho A honttinen Ml Rajasalmi and O Wager
V ascular changes ta ehronte nng congestion 1 Blood t essels Studies on — -
v Giuseppe Fichera and Inga Hgerstrand
YV ascular diseast caused ty sevcre renal sschaenua Acute by Jarn Giesc
Weererfish toxtn Some physico chemical and immunofogical obseri ations
By I Shere
Virus A prelimunarg report on adoptive immuni-aion of pitrug carrier mice
Studies on unmunofogical foferancy to by Mogens % olkert
Virus from cases unth minor respiratory disease The avliologqy of respiratory
fract infecttons on neditary ersonned 4 The reconery of Corsackee A-33
by Rehehka hyersgaard G Lindbom /7 Dinter and { Plalipson
Virus haemagfutinen on S phadex Gel fitration of SF rolyoma by
Jopsen k Hilgeland aad O Tahelle
Y irus type 3 1solated from cattly 4 mogse pathogenic strawn of pare influenza
by ¢ Rindom Schiatt and ¢ Hyldgaard Jensen

SUPPLEMENTA

i

'

95

151
0
{58

¢

284

iy

166

supplementum 157 hrepbery Lew Histslogical hun, cancer typus A morphe losical
2

and hiologieal correfation Pp 92 1
Supplomentam (58 Schelin Lif
human pitm
Pp 80 19¢2

be  and fophil ad ol the
tary gland A lLight and clectron mitroscop e studv



FROM LABORATORIUM FOR PATOLOGI, {UTOPSIi} DELINGEN,
RIASHOSPITAIFT, OSLO (IF{ll PROF OLAY TORGFRSFV}

INTRASPINAL HEMORRHAGES IN NEWBORNS
By

KurLe M Ewero
Becerved 27162

Although the importance of mtracramal haemorrhages as a cause
of neonatal deaths has been generally accepled, lLittle attention has
been given to intraspinal haemorrhages The conclusion fo he drawnn
from the few reports published 1s that intraspinal haemorrhages occur
with greater frequency than generally realized (5,6,7,8) The most
extensise study in this field has been made by Hausbrandf & Meier (5)
who found intraspinal hacmorrhages 1 31 cases 1z a series of 103
autopsies Most of these were located n the cervical part of the spine
In our department we have onally observed ntrasp haemor-
rhages n newhorns, and as little attentron has been given to ths side
of paediatric pathology we have found a renewed muestigation m this
field worth while

ANATOMY

The vertebral vein sstem 15 a plexiform network which eranally communicates
with the cramal sinuses and caudalls with the venous plexus around the cavdel
vertebrae The vertebral veins are wsually divided snto 3 groups The first group
consists of iaternal Veins surrounding the dura mater willun the spinal canal The
second group comprises the veins within the bones of the vertebrae, and the third
is represented by a venous plexys etterval ¢ dhe v

¢ internal group contains - . . Oy
I far larger than required for R
three Systems arc iNterconneckc . . . .
gencrally arranged longituding .. . :
versal course The dense Detwain ol lanssersal vessels 14 nterrupled onlt corree

sponding to the intervertebral disks The yertebral venous
ous plexus 1y connected with
both Ihe inferir and the Superior vena cass and
% it
a large cavacity it Tirme an amnarfent shoane Lae * - u.h 2 ‘.hd'“. sstem with
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METHOD AMND MATERIAL

The present 1nvestigation ncludes 33 ca of children whe died
within the 4 first days of Infe Two of the infants were stillborn 25 were premature
and 8 were fullborn Apart from the two who were stillborn all had presented signs
of neonatal asphyvxia with periods of apnoea and cyanosts

A routine autopsy was first performed Subsequently the spinal column was
removed in toto and fixed 1n 4 per cent formalin After decalcification the column
was opened from the dorsal side in such a way that the spinal medulla was dis
closed The ventral % of the column with the spinal cord was embedded 11 paraffin
and sectioned 1n the frontal plane The shdes were stamned with hacmatoxslin and
cosin The most important findings by routine autopsy are presented n Tahle 1

TABLE 1
Findings at Routine utapsy
Pulmonary atelectasis 18 cases
Hyaline membrane disease 10
Congenital heart anomalies 2,
Frithrohlastosis 2
Bronchopneumeonia 1,

Haemorrhnges outside the central
nervous sy stem

RESULTS

By mucroscopic exammation extradural hacmorrhages were found
23 cases The size of the haemorrhages varted from small pernyaseular
extravasations to large effusions In 14 cases small extravasations were
found scattered through the greater part of the extradural space In
the remaining 9 cases the haemorrhages were located to the cervicnl
(or upper thoracic) and/or the lower lumbar part of the column In
three cases the hacmorrhages extended through the intersertebral for-
amna and surrounded the nerve roots

Subarachneidal hacmorrhages were seen m 5 cases In one additional
case several small pernascular hacmorrhages were observed n the
cervical part of the spinal cord

An ncidental finding was made 1n one case, a premalture chuld 44 cm
long, presenting a congenital inomaly with block formation of § verte-
brae in the thoracic region

DISCLSSION

The postmortem findings were correlated with the information ob-
tancd about the mode of delivery and the postnatal state It appeared
that delinery traumata were reported in all of the cases molving sub-
arachnowd il bleeding The stillborn infants belonged to tlus category
and signs of life had disappeared during delivery 1n both of the cases
In one of these infants the routine autopsy fmled to rey el any pitho-
logical findings which could explatn the sudden death In the olh(l-r one
adrenal as well as mtracramal haemorrhages were present Of the re-

maming 3 cases with intraspinal subarachnoidal haemorrhage foreeps
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had been used 1n one case because of protracted birth, one was born in
foot ling presentation and the third was born prematurely due to ablatio
placentac

All of the infants presented signs of neonatal asphyxia and the great
frequencey of extradural haemorrhagcs may be related to capillary dam-
age caused by asphyxiation

The intracramal hacmorrhages have been separated nto 2 fypes
(2, 3, 4), the first comprising diffuse meningeal hacmorrhages (Iace-
ration of tentorium cerebelll, Iaceration of falx cerehri, comvexity
haemorrhages), the second one mtracerebral and cireumscribed lepto-
meningeal haemorrhages The first type seems to occur mn full term
nfants following foot ling or breech delivery, use of forceps and
m cases where the mothers are more than 30 jears old The second
type 1s seen mainly 1n premature mfants and in infants with neenatal
asphyxia Thus the intracerebral and the small leptomeningeal haemor-
rhages have been related to asphy xia which combined with mnecompletely
devcloped and feeble vessel walls apparently mecreases the danger of
pernascular haemorrhages

It 15 probable that the same factors also play an important réle
the genesis of the ntraspinal hacmorrhages, and fluctuations 1 the
venous pressure during delivery may be considered as an addttional
factor Probably also the purely mechanical factors durmg irth mny
nfluence the distribution of the cxtradural hacmorrhages as these most
frequently were found n the areas of the spinal column mostly sub-
Jected to distorting movements during delisery, te the lower lumbar
and the upper thoracic and cervical segments The great frequency of
hacmorrhages 1 the presented series may therefore well be caused by
vartous factors acting together, such as prematurity, asphyxiation and
mechanical traumata

However, the present scries does not allow for any conclusions to b
drawn as regards the frequency with which mtraspmal haemorrhages
occur during and after hirth 1n general, but this nvestigation suggests
that such haemorrhages are no rare occurrences The smaller, extra
dural haemorrhagcs would probably soon be resorbed without grving
any chinieal symptoms On the other hand 1t 1s possible that the
hacmorrhages per sc may deteriorate the cond:tion of an infant already
handicapped by prematurity and respiratory difficultics Where the
haemorrhages surround the nerve roots passing through the infervertc-
bral foramina it 1s also possible that this may be followed by an im-
parred funchion of the nerve Our serics may be regarded as sdlected
duc to the relatinely great number of premature infants who come to
autopsy i our department This fact as well as the small number of
cases reduces the vahdity of any conclusions drawn Further mnvesti-
gations i tlus field seem, however, to be indicated
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SUMMARY

In a series of 33 successnve nutopsies of children who died within

the 4 first days of ife intraspinal haemorrhages were found n 23 cases
The relation hetween hacmerrhages mode of delnery and neonatal
condition 15 diseussed
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FROM THF DEPARTMF\T OF PATHOLOGY, THF FINSFN INSTITUTF 1AD
RADIUM CENTRF COPFNIAGEN (DIRFCTOR J CLEMMPSEN, U D)

A CASE OF CARCINOMA ADLNOIDES CYSTICUM
ARISING IN THE SPHENOID SINUS

ny

Prrrr Mrier
Recenved 61162

Among tumours originating n salivary-gland tissue there are a few
whose peculiar hustology and charactenstic clinical course have guen
rise to numerous achiological hypotheses, and jel their genesis shll
remains obscure This apphes to mived tumours as well as to adeno-
Iymphoma and carcinoma adenoides cystreum  These tumours oceur
chiefly n the large salnvary glands, but may also originate n other
glands of the upper digestive tract and air passages requently they
are located 1n the lateral wall of the nasal cavity, including the maxui-
lary sinus, and 1n the rhinopharyny, far less commonly m the frontal
or sphenoid smuses which normally hold only 2 few glands of Iittle
actiaty

Carcinoma adenoides cysticum (¢ a ¢ ) 1s a rare tumour Its histo-
logieal architecturc 15 pecubar, made up of 1slets of small, densely
placed, hyperchromatic cclls of the basal type surrounding a cystic
cavily with cosmophilie seeretion The 1slets are sifuated n a more or
less hvalinized connectise tissue  The names apphed to this form of
tumour 1n the course of fime rcflect the hypotheses on 1ts genesis
Bulroth (1859) uscd the term cylindroma, hrompecher (1918) basa-
lioma and othcrs, int al Barmwater (1931) endothelioma It was not
until 1935 that Ahlbom 1solated ¢ 2 ¢ 15 a special type of carcinomn,
behieving that 1t was dernved from the excrctory ducts

Reagertz (1938} 1 a series of tumours arismng i the nose and nasal
smuses, found a total of 8 cases of ¢ a ¢ 1n addition to 4 bemign cystic
basil cell tumours From the hiterature he coliected also 52 cases of
¢ a ¢ ansing n the nose, maxillary sinuses, and cthmod edlis Ae-
cording to modern critertn, he found several of these reported eases
to he doubtful, as ¢ a ¢ was not 1solated as a specal type until 1935
— C a ¢ ansing n the frontal or sphenoid sinuses has not becn re-
ported Smce, however, tumours arsing 1n the upper posterior part of
the maxillary sinuses, the postertor ethmaid cells, or 1n the sphenoid
smus are indistinguishable from cach other m the ady anced stage be-
cause of carly bony destruction, some {umour n the maxilo ethmoid

[
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region may have omgnated from the sphenoid sinus Geschichter
(1935) described 13 cases of ¢ a ¢ one of which extended intracrani-
ally from the rhinopharynx Godifredsen (1944) reported 5 ¢ylindro-
mas ansing :n the rhinopharynx, 4 of which showed intracranial -
vasion Vald Poulsen (1933) described 2 adenomalous carcinomas 1n
the ethmeid sinus, both nsading the dura and one of them eroding
the left cavernous sinus

The wymptoms and signs of mabgnant tumours arising supero-po-
stersorls 1n the lateral wall of the nose are fairly characteristic, varying
but little with the type of fumour Swelling of the nose or rhinopharynx
15 an carly sign Intracramal extension s rare, but 5f present it 1s often
permeural through the foramen ovale, foramen rotundum, or foramen
lacerum The symptoms from the cranial nenves often occur in a parhi-
cular sequence The mstial symptom will be neuralgia affecting the
2nd tngemmal branch which mahes the patient consult the deatist
(Ohngren 1933} At an early stage all the trigeminal branches and the
nerves of the ocular muscles become imvolved Godifredsen described
as a special, rather syndrome, involvement
of the trigemunal nenve, nerves of the ocular muscles, and hypoglossal
nerse € a ¢ 15 reported to show a fairly marked tendency to mfiltra-
tine growth, often mulhifocal, but with late metastasization Its growth
1s manly extradural

The present ease of ¢ a ¢ 1 of interest for several reasons: ost
probably 1t arose in the sphenoid sinus, it showed pronounced nvasive
growth with monstrous changes 1n the base of the shull and nwasion
of the cenlral nervous system The history was short and atypreal,
guing nise {o a number of dragnostic difficulties

CASE REPORT

{{Aglum C(l‘;)lrt 108016 Path Dept 95/61

ousewifc aged 63 In 1952 syphilis was diagnosed and treated in M.
choleeystectoms Othermise 1 good health et ol vone oo
o S, R ea in particular she was not very prone
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months total parests of all of the muscles of the right eve developed The patient
was now suffering fram right sided headache difficulty of walking and vertigo
of a gyratory type

In Julv 1961 she was re admitted now with hard non tender Ivmph nodes below
the right mandible and in the right supra elwicular fossa \ ravs showed advanced
destruction of the base of the slull from the orbit to the foramen magoum 4
biopsy from the swelling an the right tamporal region revealed earcinoma adenordes
eysticum and the patient was transferred to the Radmm Centre for \ ray theraps

Woth ancreasing signs of cerchral imolvement she died on Aug 29th 1961

Thus, the disease had run its course in a hitle over 13 car, munfesting
itself as successne signs of neurological loss, first myvolving the 2nd and
3rd trigennal branches, the Iy poglossal and aceessory neryves, then the
facinl nerve, nerves of the ocular muscles, and the first trigemmal
branch Signs of elevated intracraniil pressure and regronal metastases
did not occur until at a Intc sthge

Post-morlem findings In the nght medinl and posterion erannld foss e
1 eorsely Jobulated tumour, 10 X 8 X 6 cm, inhomogtnous on scetion,
n places necrotie and s ading blood vessels Pronounced destruction

Iig 1

« = 1Vraw ctom remosed dura intact except
the right from the rocf
1ght squama temporalis



Phe tomterograph of the relation of the tumour to the rhinopharyny  Hivalimized
connectine trssue bctween the mucous membrane and the polymorphous tumour
masses
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of bone The tumour was chiefly extradural, but m a few places 1t had
invaded the dura and the central nersous system

Its demareation was as follows Anteriorly 1t had maded the orbit,
the posterior ethmoid cells, and the maxillary sinus which was pot,
however, quie filled Medially, the tumour exceeded the midline, de-
stroying the entire body of the sphenoid bone and the night half of the
hasitar patt of the ocaipital hone The cavernous sinus was destroyed,
the piturtary gland intact, entirely surrounded by tumour tissue Later-
ally the tumour extended to the lateral wall of the medzal and posterior
fossae, destroying the bone and mvading the temperal muscle The
medial part of the pyramd was destroyed, while ats lateral part with
the labyrinth was intact The petrous and the cavernous portions of
the internal earotid artery were entirely surrounded by tumour tissue
Caudally the tumour extended to the parapharyngeal space, destroying
the pterygord process On the other hand, there was 1o tumour tssue
im the rhmopharynx whose mucous membrane was intact, also on
microscopic examination Cranially the tumour extended approx 4 cm
past the level of the base of the skull, Hilling the entire medial fossa,
the greater part of the posterior fossa and ensheathing all of the cranral
nerves except the first It had made a distinet impression nto the brain
shich was shifted far to the left Posteniorly, at the site of the inferior
surface of the cerebellum, small ulcerations in the dura with tumour
masion of the pa

Hard, adherent Iymph nodes under the night mandible, 1n the supra-
davicular fossa, and afong the vessels of the nech

In the lungs hasal congestion No metastases to the thoracic or ab-
dominal organs or lymph nodes

Sequelae of cholecystectomy

Microscopic examinafion The fumour (ig 4) conswsted of slels and
strands of small, oval to round, epithehal cells with sparse cytoplasm,
dark, fairly uniform nucles, and a number of mitotic figures While pen-
pherally there was hitle cohesion hetween the cells, they were more
densely placed towards the centre Centrally 1 the islets in several
places arregularly demareated cavities contaiing cosinophilic, finely
granular seeretion or blood The slets were seperated by vascular,
connective tissue, mfiltrated by lymphoeytes — The appearances were
tighly varied, showing insvasion of vessels, bone, muscles, cerebellar
tissue (fig 3), chorowd plevus, the membranes around the prtuitary
gland, and the eentral nervous system The pituitary gland and rhino-
pharyngeal mucosa (fig 2) were wiact

The metastases (fig 5) showed a more monotonous and typical ap-

pearance, 3ing in the specimens avadable in fatly tissue and 1n a pert-
acurat situation, not in lymph nodes

Sutnmung up, the tumour was the «hape of a cone wilh its top 1n the
srhenowd winus and its base ab the site of the temporal fossa It was
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of bone The tumour was chnefly extradusal, butw ) ew places 1t had
umvaded the dura and the central nervous system

Its demarcation was as follows Antepiorly 1t had imvaded the ostnt,
the posterior ethmoid cells, and the masliary sious which was not,
howener, quite filled Medially, the tumour excceded the mdhne, de-
stroyng the entire body of the sphenaid hone and the nght half of the
basitar part of ithe ocespital hone The eavernous sinus was destroyed,
the pitwitary gland intact, entirely surrounded by tumour tissue Later-
ally the tumour extended to the Jateral w alt of the medint and postenar
fossae, destroying the bone and nvading the temporal muscle The
medial part of the pyramid was destroyed, while 1ts laterat part with
e labyrmih was ndoet The pelrous and the csaernous portons of
the nternal carotid artery were enfirely surrounded by tumour tissue
Caudally the tumour extended to the parapharyngeal space, distroying
the plerygord process On the other hand, there was no tumour tissue
m the rhimopharyny whose mucous membrane was mtact, also on
microscopie exammation Cranally the tumour extended approx § em
past the level of the hase of the skull, fillng the entire medial fossa,
the greater part of the posterior fossa and ensheathmng all of the eranial
nerves cxcept the first 1t had made a distinet ympression sato the bran
whieh was shufted far to the left Posteriotly, at the site of the inferior
surface of the cerebellum, small ulcerations n the dura with tumour
imvasion of the pua

Hard adherent Iymph nodes under the nght mandible, 1n the supra-
clavicular fossa, and along the vessels of the nech

In the lungs hasal congestron Mo metastases to the thoracic or ab-
dominal organs or lymph nodes

Sequclae of cholecy stectomy

Wicroscopte examunation The tumour (fig 4) consisted of islets and
strands of small, oval to round, epithelial cells with sparse ¢+ toplasm,
dark, fasrly umiform nucles, and a number of mtotic figures While pers
pherally there was hiftle cohesion hetween the eells, they were more
densely placed towards the centre Centraliy sn the slets m several
places reregularly demareated cavities containing easmnophilie, finely
granular secretion or blood The slets were seperated by aseular,
connective tissue, infiltrated by lymphocytes —~ The appearances were
highly sarted showing invasion of vessels, hone, muscles, cerehellar
tiesue (fig 3), chorowd plexus, the membranes around the pitaatany
gland and the central nervous system The piturtary gland and rhino-
pharyngeal mucosa (fig 2) were miact

The metastases (fig 5) showed a more monotonous and typical ap

pearanee, lying in the specimens avalabe 1n fatty Lrssue and 1 a pen-
nenral situation, not s Iymph nodes

:ummlng up, the tumour was the shape of a cone with its top in the
wrhenndd ~oys and ats base at the site of the temporal fossa It was
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FROM THE DEPARTMENT OF I ATHOLOGY (HEAD 7 CLEMMESFN M D)
THF FINSEN JASTITLTF AND RADILY CINTRE COPEAITACFY

BIOLOGICAL DATA OF THE H A 1 TUMOUR

By
BEAT L. SORE\aFN
Received 19 311 62

The use of cortisone for breaking down immumty to heterologous
tissue 15 well known also when the heterologous tissue 19 malignant
Iversen (1996) 1njected human tumour cells from ascityie flurd mirn
peritopealls mnfo cortisone treated mice and ohserved growth of an
ascites tumour fatal to the mice and transylantable to other cortisone
treated mce After the 3rd transfer generation however the tumour
took 1 muee which had not been pre treated with cortisone During
the past 5 years this ascites tumour which 1s called HA 1 has been
tronsy janted further to untreated mice b1 mirapentoneal moculation
of ascites from tumour bearing muce every 10th day

It was found that the tumour was made up of triplowd cells having
murnine chromesomal charactensties from the 15th transfer generation
despite the human onigio of the tumour cells (Iversen 1928 a)

fn N\ ray rradiated rats the HA 1 tumour also grows (Ipersen
1958 b) and lolerance to the tumour cells 15 obtained m rats treated
during foctal life with H A 1 tumour cells (fversen & Sorensen 1960)

An investigation of the findings relating to the growth of the H A 1
tumour has not been suybm tted previously The survnal time of the
transplanted antmals will be analssed from the point of view of pos
sible alterations 1n the malignancy of the tumour Other factors 1n
cluded m the analysis are the growth rate and the duration of the

mdmidual generabion of the umour cells as well as the duration of
mitosis

MATFRIAL 1\D UETHODS

RFSLLTS
A Sunual Tume of Mice with the H A 1 Tumour

During two consecutine penods of § months each the surinal time
of the routinely transj lanted male mice was analysed and the vamance

13
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highly destructive, invading vessels, but had hitle tcndency to metasta
s1ze Owing to the wadespread bone destruction, it 15 mpossible 1o locate
the origin exactly, but the sequence of the symptoms and signs, the m
tact rhinopharyngeal mucosa, and the absence of tumour hissue i the
anterior part of the maxillary smnus wndicate an origm from the sphe
nowd sinus ~ It has presumably first spread extradurally to the lateral
and posterior aspect along the mferior petrosal sinus o the jugular
foramen Later, 1t has propagated on both sides of the right pyrund
which was not destroyed until a late stnge The marhed spread n the
posterior fossa and the mvasion of the dura at this site were possibh
due to the night-sided posterior craniotomy which has partially broken
down the dural barrier at the site of the foramen magnum

SUMMARY

This 15 a description of a short, atypical istory of carcinomy ade
noides cysticum, which probably arose it the sphenord smus, destrov-
ing the base of the shull
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The vamances on the mean survinal times of the mice i the iwo
6-month perrods do not differ sigmficantly, whereas the mean survinal
tumes followng transplantation are significantly different the sunvnval
time followng transplantation hecomng shorter the larger the number
of transfer generations the tumonr has passed through

The number of tumour cells mnjected was not hnown at the routine
transplantation  But 1t has been stated by Goldberg hAlen & hlewn
(1950) that the sursrval time with Ehrhieh s ascifes tumour 15 almost
ndependent of the jnoculated number of cells, once a certam mimmum
pumber has been excecded To assess this possible minimum value of
H A 1 tumour cells different numbers of tumour cells were wnjccted
intrapenitoneally mto Bagg mice and their survnal times analvsed as
shown 1n Table 2 and Fig 2

TABLE 2
Surt wwal Time of Bagg Mice Transplanted with Varying Numbers
of I 4 § Tumonr Cells
Injected number of cells X 106 1 2 5 10 20 20
Number of takes/number of mice 45 L&Y 3/ 55 5> 5>
Mean suryival m days 239 250 224 186 162 140
Standard deviation 103 65 61 3z 22 14
MEDIAN
SURVIVAL TIME
paYs
30
20 \\N
10
25 10 20 30
NUMBER OF INOGULATED
CELLS x 108

Fig 2
Relatian between survival time and the number of sooculated tumour cells

From Fig 21t will be secn that hetween 10 x 10 *
curve 1s Jeast steep whale less than 10 X 108 tu):flogr ::;]153‘?12::0 ::c
surinal time somewhat more In the routine transplantation :se )
23 X 107 tumour eells were mivcted (8D =5 X 0%, 1e ¢ "ppmx
Dbers so great that a considerable dnergence from ths n\;mhcr 3 * mot
according to Fig 2 cause any major difference 1 the s, P
the transplanted mice ursial time of

B Wewght of Tumour Bearing Vice
Fiz 3 shows the per
rem S percentage weight gamn of transplanted male and
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NUMBER OF MICE

30
25
20
15
1o
5
—— — —t s

Q 5 10 152025 O 5 10152025
SURVIVAL TIME IN DAYS AFTER TRANSPLANTATION
Fig 1
Yariatwn an survisal bme of tr: lanted muce The h gram to the Jeft repre

the 125th t the 143rd transfer gencration that to the right the 144th to the lli"nvl
transfer generation

of the mean survival time ealeulated (Table 1) Thereupon a statistical
comparnison was carried out using the t test Such a ealculation s jush
fred as the surynal tume of the mice 15 distributed with approximation
according to n normal Gaussian curve s shown mn Fig 1

TABLE 1

Yean Y alues anl Vartance of Surmieal Time of Tumour Bearing Mice
Transfer generation 125 to 143 144 to 16”7
No (fmee n 178 134
Mean survival \yp 14 47 days 1271 days
Sum of survival time & % 2575 davs 1703 Javs
x V)" 6630625 2900209
P 39863 21187
Varanee s 1467 =38 1899 = 447

The mean survival time i the two periods was comparad statisti
cally by the t test First the standard deviations were compared \fean

error on the stindard deviations ( =

2n.
e =004 e = 0102
Afean error on the difference of the standard deviations
ci=je Fep Yoz 04
(= s =5 _06 1y < 2,8 (not significant)
T e 04

Then the mean values n the two periods were compnared

Ami - \m 176 = 37> 258 (siymlicant)



15

The vanances on the mean survinal times of the mice n the two
6 month periods do not differ signifscantls, whereas the mean suryival
times following transplantation are signiftcantly different, the suryival
time following transplantation becoming shorter the larger the numher
of transfer generations the tumour has passed through

The number of tumour cells injected was not known at the routine
transplantation Bul 1t has been stated by Goldberg, hlein & hlein
(1950) that the survinal time wath Ehrlich’s ascites tumour 15 almost
ndependent of the inoculated number of cells, once a certamn minumum
number has been exceeded To assess this possible mmimum value of
HA 1 tumour cells different numbers of tumour cells were inyected

ntraperstoneally nto Bagg mice and their surynal times analysed as
shown 1n Table 2 and Fig 2

TABLF 2
Suronal Time of Bagy Mice Transplanted wilh Varying Numbers
of H 4 1 Tumour Cells
Injected number of cells X 10° 1 2 5 10 20 30
Number of takes/pumber of mice 115 45 55 5% Sia 55
Mean sursnal i days 239 250 224 186 462 140
Standard deviation 103 65 61 32z 22 14

MEDIAN
SURVIVAL TIME

DAYS
30
20 K\N
10
25 10 20 20
NUMBER OF INOGULATED
CELLS x 106
Fig 2

Relation between survival time and the number of Moculated tumour cells

From Fig 2 1t will be scen that betw
2 cen 10 X 10° and 3 i

curse s least steep whle less than 10 x 10 tumour cel‘ls l?l::ei]l:)c ::5
;lil'\ n 1Iﬂhmc somewhat more In the routine transgplantation approx
i.a X 10° tumour cells were injected (SD =5 10°), 1e ce]l)r]: n
-.’:;sxs:]) src‘a! gml'.;a considerable duergence from this nl;mher does :ol

ording to Fig 2, cause any m ¢
g to s 2o ca 3 major difference m the survival time of

B Weight of Tumour Bearing Vice
Fig 3 shows the percent.
femtems bereentage weight gan of transplanted male and
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MEAN WEGHT OF MCE N PER CENT
% OF PRE TRANSPLANTATON WE GHT
e, (1 NUME R OFMcE

2
3

/ wes
\, ,/:/ /\’4~°/\§/

z

80
2 3 a4 5 & 1 8 9 0 | 2
DA § AF ER NOC 4 ON
kg 3
Mean weiht of mice 10 jer cent of weght at the time of transplantation
The f gures 1o bracl cts indicate the numl er of m ce in each analys s

It 1s notable that the weiht of the females mereased consilerably
morc than that of the males due to the fact that the quantity of nscites
nereased more 1 the females (ef Fig 4)

ML ASCITES
10 »

9 ,/ FEMALES
8

7

6

s

4 MALES

3

2

|

4]
0! 2 3 45 6 7 8 9 01 1213

Fig 4
Qrantity of a c tes an rclati n 1o time after transy 1antation
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tes tumour by aspiration
bods weight after rTemoral of the ascd N
sg]\‘::nin‘lflg l’; which shows that the mice lose much weight This
<pluins why the total weight of the males may be almost unchanged
(Fig 3) despite growth of the tumour

F MICE, AFTER ASPIRAT ON CF ASCITES
VEIGHT 0F Wt N PER CENT OF PRE=TRANSPLANTATION WEIGHT

12 3 4 5 & 8 9 0o m 2 13
DAYS AFTER YRAN_PLARTATCH
Fig 3
Body weight of tumour hearing mice after aspiraticn of aseitic fluid in per cent
of pre transy lantation weight

C Investigation of the Growth Curve of the H A 1 Tumonr

1t 1s diffacuit to follow the number of tumour cells 1n the same mouse
day by day, as the repeated tappings ma3 be 1magined to influence the
quantity of ascites as pomnted out by Revesz & Klewn (1954) Adding a
new mouse every day introduces the dispersion which 1s caused by bro-
togical variations Moreover, 1t 1s not the tumour growth curve for the
ndnidual mouse which 1s of mterest, but growth curies representative
of male and female mice scparately for purposes of companson

From the 3rd day after transplantation one male and one female
mouse was killed by decaptation every day, and the number of tumour
cells found by multiplying the concentration of cells with the quantity
of aseites Males were followed in this was up to the 11th day and fe-
males up to the 13th day after transplantation (Table 3)

The concentration of cells does not appear to be related 1o the hime
clapsing after transplantation In Table 4 the coefficient of vanation
on the concentration of tumour cells 1s caleulated apd found to be
20 per cent of the mean value

On the basis of the valyes representmg number of tamour celis 1n
relation to lime after transplantaion the tumour growth cune 1s
plotted on Figs & and 7, the loganthmic number of cells bemng the
ordinate and the time after transplaniation the ahscrssa

In the case of the males the total number of tumour cells from the
3rd to the 91h day 1s distrthuted around a straight line 1 Mg 6 and
w the ese of the females 1n FIR 7 around the straght line f:om the

2 acTapiTi 56 1



16

MEAN WE(GHT OF MCE IN PER CENT
% OF PRE TRANSPLANTATION WEIGHT
() MUMBER OF M CE

140
o
130
”
e
o o
t20
13
1) @ Sy
110 o u/
Y
wl 2 i N
s
[
90

2 3 4 35 6 7T g 8 10 n o1z 13
DAYS AFTER (NOCULAT ON

Fig 3
Vlean weight of mice 1n per cent of weight at the time of transplantation
The figures 1n brachcts indicate the number of mice 1 cach analysis

It 1s notable that the weight of the females mcreased considerably
more than that of the males due to the fact that the quantity of ascites
mncreased more in the females (ef Fig 4)

ML ASCITES
10 P

9 ,/ FEMALES
8 7

7

6

5

4 MALES

3

2

[

o

o1l 2 3 45 6 7 8 9 10011213
Fig 4
Quantity of ascites an relation to time after transplantation
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Fig 6 Fig 7
Relation between log number of tumour  Relation between log number of tumour
cells in the peritoneal cavity and time  cells in the peritoneal cavity and the
after transplantation ale mrce time after tran<plantation Frmale mrce

w T s
oan’ 1A mcLaTOn

logtcal vaniation definitely predominates over the counting error In
calculating the regression coefficients of the curves, therefore, it 1s
enough to consider the mean values plotted on the cunves

The equation for the solid Iine 1n Fig 6 1s then y = 0 141 x + 7598
{y = number of days after transplantation x = logarthmic number of
cells)

The equation for the solid ine in Fig 7 willbe 3 = 0126x + 7804

The doubling time (the time 1t takes a cells to become 2 a cells) =

the generation time G ma) be calculated from the regression coeffi
cients

Gpate = 23980 5 24 hours = 5123 hours (03010 = log 2)
014t
03010 .
Gemate = 0?26 X 24 hours = 57 33 hours

These generation times may be read from the curves n Fig 6 and
Fig 7 by means of the vertical and horizontal dotted lines which
Fig 7 show that 100 X 107 cells correspond to the time 2 dass, and
double this pumber, 200 X 107 cells correspond to the time approx
4 davs The generation time then, s approx (4 doys-2 days) = 2 davs

}?)hmeans of the regression coefficients h and their sarmance V,
whreh s

N Gumstey = 0 000266 and Vo 0000414
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4th to the 9th day after transplantation In other words the growth
of the tumour during these pertods 1s exponeniial

TABIT 3
{oncentration of Tumour Cells ani Quantily of Asciles in Bagg Mice wn Relation
to the Time of Transilantation

Sex Days after { ml ‘ cells pr ‘ To 7l numt er
trany; t ascites cunm of cells

Male 0 02 137 500 2750 X 10
Male 3 05 159 185 7959 X 100
Male 4 10 163835 16384 X 108
Male 5 30 97 650 20295 X 10
Male [ 20 153 605 30721 X 108
Male 7 30 13615 34085 X 10
ale ] i5 121985 54893 X 109
Male 9 55 125 860 69223 X 10
Male 10 20 161 820 22361 X 100
Mate 1 15 104 315 1942 X 100
I emale 0 02 137 500 2750 X 108
Female 4 15 139 755 20964 X 107
Female 5 25 103 385 25846 X 100
Female [ 35 124 €20 43017 X 10
1 emale 7 15 105090 47291 X 10
{emale 8 60 136 400 81840 X 100
Female 9 65 128 030 83270 X 106
Female 10 40 64635 258 54 x 107
J emale 11 85 110515 93998 X 10°
{ emale 12 85 152210 129379 X 107
I emale 13 100 77655 77655 X 108

The slope of the strught lines wis subjected to regression analvsis
(Tigs 6 and 7) as described by Hald 1948 Thes shewed that the van
ance on the cell counts around therr mean values was 0 0034 in the
males and 0 0023 in the females or of the same order of magminde

TABLY 4
3 ariation wn Concentration of Fumoaur {clis n Ascitic sl from the 3rl to the
13th Day after Transplaniat on

s D Maxm @ lrinl un
No ol vean — per !
| 1ee | v Total  centof [ tewal | (ale hed
"
Cells per cu mm 16383 1J7128
21 1251198 25109 202 64675 53068

The scatter of the mean values around the two straght lines indieates
the bolagical v iration which was found to he 0 075 for the males and
0033 for the females That is thesc values loo are of the simc order of

magnttude but onc order of magmtude 11 excess of the vannce of
alue In other words the o

the mndividunl counts around theiwr mean v
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Fig 6 Fig 7
Relation between log number of tumour  Relation between log oumber of tymour
cells i the peritoneal cavity snd time cells 1o the peritoneal cavity and the
after transplantation Vale mice tine after travsplantation Female mice

logieal vanafion definitely predominates over the counting error In
calculating the regression coefficients of the curves, therefore, 1t 1s
cnough to consider the mean values plotted on the curves

The equation for the solid hine 1n Fig 615 then 3 = 0 141 x + 7 598
(y = number of days after transplantation x = logarithmic number of
cells)

The equation for the solid hne mn Fig 7will he 3 = 0126 + 7804

The doubling time (the time 1t takes a cells to become 2a cells} =

the gencration time G may be calculated from the regression coeffi
clents

Grmate = %%2:2 X 21 hours = %123 hours (03010 = log 2)
00, .
Gremale = B 1og X 24 hours = 57 33 hours

These generation imes may be read from the curves 1» Fig 6 and
Fig 7 by means of the vertical and horizontal dotted Iines which wm
Fig 7 show that 100 X 10 cells correspond to the tune 2 days, and
double this namber 200 X 1% cells correspond to the time approx
4 days The generation tume then 15 approx (4 davs 2 days) = 2 days

:§hmcm\\ of the Tegression cocfficients b and their vanance V,
which s

 (emaley = B 000266 and N (= 0000414
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1t may be calculated by the t test whether the regression coefficients
differ significantly, as

= J’,"W_"lfcm_a_lc___ 0015 -
PV mate) + Ve emuq) /0000680

which 1s not sigmificant with 9 degrees of freedom

In other words, the imvestigations did not demonstrate any sex dif-
ference m the growth rate of the HA 1 tumour

Therefore, we ean consider the two sets of values 1n Fige 6 and 7 as
belonging to the same group and calculate the common regression co-
effierent which 1s 0135

The standard deviation on the regression coefficient

— Sg . _ .
beommon = l/ m = l = 0.012
beommon (5 ber cent uncertanty) = 0135 = 226 X 0012 = {8 :gg
The corresponding generation time = 8":?,'19 x 24 hours =
0)

max 66 80 hours

.
53 51 hours {mm 44 49 hours

D Calculafron of Mitosis Time

Concurrently with the mvestigation of the generation time of the
tumour cells by counting the cells from the 3rd to the 11th day after
transplantation, smears of the ascitic fluid were made from the same
mice After nuclear staining with gallocy amin the imitoses werce counted
The ascitic fluid was always removed at the same hour of the day m
order to avoud a possible mfluence of a variation n the mtotic num-
bers due to a diurnal cycle as deseribed by Bullongh (1948) 1n normal
mouse tissuc and by Freymann (1956) mn Yoshida ascites tumour

From each mouse 10,000 tumour cells were counted, and the mitotic
mdex MI represents the number of mitoses found divided by 10,000
At the same time, differential counts of the mitoses were made, the
mitotic phases being as suggested by Marunow & Bloom (1918)

(1) early prophase, the spireme stage with preserved nuclear mem

brane
(2) late prophase, the spireme stage without nuclear membrane,

13) mctaphase,
(4] anaphase, the chromosomes hemg drawn lowards the tno cen-

trioles,
telophase, chromosomes breaking up, the nuclear membrane

re-forming, and two cells forming by constrsctions of the cyto-

e

plasm



21

NUMBER OF MITOSES PER 10000 CELLS

180
70
',:: MALES FEMALES
140
130
120
ne
100
20
20
70
€0
50
“a
20
2q
10

3 45678 900N 3455678 9 104123
DAYS AFTER TRANSPLANTATION

Fig 3
“umber of mitases per 10000 tumour cells in rclation to time after transplactation

In fig 8 the number of mitoses 15 plotted agamnst fime affer trans-
plantation for males and females scparately 1t was mentioned above
that from the 3rd to the 9th day there was an almost logarthme
nerease in the number of tumour cells Therefore, one might expect a
constant mitotic mdex during this period But the mutolic index i<
highest a few days after the transplantation and thereupon decreases
The explanation 1s prohably that the mcreasc 1n the tumour cells 15
not 1deally toganthmic The dotted hines i Figs 6 and 7 also scem to
be equally justified and properls determined by the points as the cal-
culated strasght lines which indicates that the doubling time of the
cells increases with the time after transplantation 1t consequence of a
decreasing mitotic mdex

Calculation of the mutosis ime was carnied out as advocated by Hoff-
man (1919) according to which
MI=mNlog, 2~ TG 48]
{mN = milolie mdex, m bemrg the number of mitoses scen among N
cells, T == mitosis ime, G = generation time found to be 53 51 hours)

From (1) we derne

T = MI X Glog, 2 = MI X 53 51/0 693 = MI X 7722
Sice the mncrease 1n the fumour cells 1s approumately logarithmic,

1115 natural to use a mean for mitotic indices duning thus period, 1 ¢
from the 3rd to the 9th day

%3 ax stands for the mitotic ndex on the xth day after transplanta-
tion, we get
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ag+17 , art s n,—%—ng)
(nz%)-n;_‘_n—;n,_‘_nstns‘Luz iy b e 6
\\thh-ls the mean between the 3rd and the 4th day + the mean hetween
the 4th and 5th day and so on diaded by the number of means

In a reduced form

(’/gm-f-m+ns+an+:n+a«+1/;an)6 2)
Inserting the mitotic indices for male mice in (2)

(0 0086 + 00187 + 00123 + 00121 + 0002l + Q009% + 00012) 6
= 00112

Inserting the mutotic mndices for female mice in (2)

(00062 + 00161 + 00106 + 00133 + 00131 + 00090 + 00009) 6

= 00115 (&3]

From the two values (3) and (4} we caleulate the mean 001135 since

as already mentioned there was no sigmificant sex difference i the

growth rate

Then the duration of mitosis when MI = 001135 1s 1nserted 1n (1) 1s
T = 001132 X 77 22 hours = 0 8761 hours = 52 58 mmutes

Paying regard to the previously calculated maumum and mimmum
values for the generation fime we calculate
Tmay = 6073 min and T, = 4387 min (corresp to the 5 per cent
level)

The duration of the mdividual phases of mitosis 15 calenlated ana
logously comj uting the indices of the mitotic phases from the 3rd to
the Hh day according to (?) These values are shown in Table 5

Accordingly there is no great difference between the mdiees 1n male
and female mice Therefore the average values for male and female
mice are used for calenlating the duration of the various phases of
mitosts (Table 6)

TABLF 6
A erage In 1t ces for Male and Female M ce
Male + female
)
Farly prophase

Sum = ML 00020

The indices listed 1n Table 6 are mserled n (1) \{{ = fog, 2X TG
msert
cl;cr ng instead of mitotic index MI prophase 1ndex metaphase index
Thereupon the follow
(T 7)p n the owing duratiens of the ‘arious phases are found
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TABIF 7
Dyration of Milotic Phases for I1 4 { Tumour ( «lls 4ibszolute Numbers and | er Cent
Farlv prophase 579 min W7
Late prophase 5536 min 102 ‘:
Metaphase 2618 nun 483 %
4{naphase 741 mmn 137%
Telophase 927 mun 171¢
Sum = duration of mitoss 5421 mun 1000
o
¢y ?“\;
’;,4 o/ carly spireme stage & min
A
Prophase
e
=4 Iate sprreme stage 6 mn
-~
. é’? ,
- Metaphase 6 min
s
(]
e
Az
>
e (
4;_} ™ Farh tripolar snaphase 7 mmn
A e
3 v
w ke
g
4 mm

’;" 6 Telophase

-5 0
Frg 9

11s in the phases of mitosis which nere differential counted
e adal T e bt (galloesamn staining 600X)

1 tumon
HA L uTor the mdwndual phases

Duraticn of ¥
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The percentages gnen in Table 7 show n how high a percentage
the mutoses are observed 1n the phases stated and at the same time how
high a pereentage of the total duration of mitosis the indnidual phases
oceupy

Fig 9 illustrates the phases of mitosis and their duration

DISCLSSION
A Survival Time of the Transplanted Vice

Accotding to fversen (1926) male mice surtined for an average of
18 days and female muce for 15 days after the routme transplantstion
caleulated from the 30th to the 40th passage on 20 mice of each sex
The §resent smuestigation was performed approx 100 passages later
or almost 3 years after Ipersens origimal study In the course of this
peniod the mean survinal fume of the male mice has decreased t0 13 12
days It was not  ossible to subject this difference to a statishical sipm
Ticanee calculation since the vamance on the mean suryivaj time 1s not
available from the earliest analyses

The survnal time must dejend also upon the number of cells in
Jected at the trme of transplantation In the present series 0 2 ml aseies
was mnjected but the exact number of cells was not known In the case
of the Fhrlich ascites carcinoma Geldberg hlewn & Aletn (1950) have
reported that the mean survival time 1s almost independent of the num
ber of celis moculated once a tertamn mummum vatue—found to he
2 X 10—of tumour cclls ys exceeded At an estimate 2o % 109 tumour
celts were used fur transy lantation of the HA 1 fumour of a number
far excceding the critical number for Fhrlich s ascites cageinoma In
the case of the ¥ 4 1 tumour Fig 2 showed that less than 19 x 19
tumour cells for the transplantation increased the survival time by
aj pree1dbly more than a corresponding mncrease in the number of cells
shortened the suryinal tme But this value 15 not nearls as character
1tc as the ¢orresponding value for the Ehrlich aseites caremoma In
the routne transy lantat on of the HA 1 tumour howeser the number
of tumour cells always by far excecded 10 X 10¢ the mean value for
the cell coneentration Femg 120 000 cells per culic mm aseites with
a coefficient of saration of 20 per eent so that alterations i the
quantity of noculate nfleence the surswal hime but shghtlh It
yudwiiad Wneteiure @Wnougn Yot nurmier of injected ells 15 not hnown
to compare the surinal times of the Bagg mice after trapsplantation
of H A 1 tumour cells

During the two consecutive 6 month periods there was furthermore
a sigmificantly shorter survisal hme dyring the latter pertod Thus
all the aj s sntheate an adaptation of the 1 3 1 tumour to the
Present strun of mice With increasing number of transfer generations
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C Grow!th Curve of the Tumour Cells

The concentration of the tumour cells in the ascitie fluid showed a
vartation of the same magmitude as in Ehrhich ascites earcinoma ac-
cording to the myvestigations of Goldberg, Klein & Klewn (1950) who
found a coefficient of variation of 26 per cent of the mean

A loganthnue merease mn the number of cells m expecled during
the time the tumour grows rapidly, as also found by Répesz & Klewn
(1954) TFigs 6 and 7, however, show that the mjecled number of cells
15 below the caleulated straight lhines, mdicaling that during the furst
days after transplaniabion there has not been a perod of slower cell
dnasion as the lag phase seen m culturing bacteria on culture medin
and as reported for other asciles tumours, ¢ g by Klein (1935), who
found a latent period of two days before the loganthmee cell diaston
set in

The absence of a latent period immedintely after the transplint wion
might e imagmed to he due to the moculated number of cells, 275 X
109 bemng far in excess of the aboye-mentioned minimum number, over
which an icrease does not cause any notable shortening of the mew
survinal time This s mn aceord with the fact that Reve sz & Klewn (1054)
found the latent period to disappear entirely when a large number of
tumour cells were mjected and to become the more marked the more
the number of cells approaches the lowest value whieh resulfs in frhes

The finding of diffcrent wewght curves m male and female mice
(Figs 3 and §) mught gove rise o a suspicion of a different mode of
tumour growth m male and female mce analogous to the difference
m the mean survival fime n the two sexes following iransplantation
of the tumour (Iversen 1956)

However, the generation trme of the H A 1 tumour cells did not differ
sigmficantly for male and fanale mice $o, 1t may be concluded that the
H A 1 tumour grows in the same way 1n hoth sexes, but tht s hosts
male and fomale mice presumably reict to the tumour i different
wazs
Studying the Ehrhich aseites carcinoma, Letire, m 1943, found the
generahion tume to he approx 2! hours Kiewn & Révész (1953) found
the gencrition himie to be approx 24 hours at the hegmnmg of the
rapid growth phse and approx 48 hours towards the end of thrs
growth period This alteration m the generition time 1s contrany to
what hs boen found by Révesz & Kletn (1954) an the three ascrtes
Ivmphom s which showdd exponentnl growth for some tume and 1
ganeration time of only §-10 hours

\ccordmgly, the gencration tme of 535 hours m the cise of the
H \ 1 tumour 1s long compared with the findings with other wseites
tumours

A hat this musl be 1 mean gencration fime mw be sean from the
falling mitotre mdex from the 3rd to the 9th day, which 1« nol com-
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patible with an 1deal exponential increase in the number of tumour
cells and a constant generation hime during this period Plotting of the
cursed lines on Figs 6 and 7 showed that the gencralion hime grew
longer and Jonger with the time elapsing after iransplantabion At an
estimate, 1t may be read from these higures that a doubling of the cell
count around the 4th day requires 30 hours and around the 7th day 60
hours This corresponds to the prolongation of the generation time
found by Klen & Révesz (1953) 1n the case of Lhrhich asaites car-
cimoma

Therefore, 1t 15 compatible with a doubling of the generation time
from the 4tk to the 7th day that the mitohic index for male and female
mice on the 4th day was on an average twice as high as on the 7th day

D Duration of Vilosts

Thaalt ot = = m .

and then dechines The mutotie index was practrcally the same 1n male
and female mice, ndicating that the tumour cells had the same alabity
for growth 1n both sexes The dyration of mitosis was of the same order
of magnitude as with Ehrlich ascites tumour cells whose mitesis time
1s 61 mmutes (Kletn & Revesr 1953) The mutosis time for Yoshida
sarcoma cells 1s approx 50 munutes (Safo, Atsumi, Saloh & Nokamura
1952) These times are of the same order of magnitude as for normal
cells, but far from bemg among the shortest which are seen in ferti-
lized ova, e g 1n rabhits, 1n which the mitosis takes only ahout 10 my-
nutes with ap mtermifotic peniod of 8-9 hours (Hughes 1952)

In calculating the duration of the mndividual phases of mutosis there
15 & factor of uncertainty, vz that the earhest siages of prophase may
be overlooked 1n the smear, the observed length of prophase then heing
nterpreted as 2 mimamum satue In the case of Yoshida sarcoma cells
Sato, Afsumi, Safoh & Nahamura (1952) found a similar percental
lengih of prophase as the present author found for the H A 1 tumour
cells The metaphase of Yoshida cells was found to make up only 26
per cent of {he entire duration of mioss, as compared with 48 per cent
mn the HA 1 tumour cells In the latter, telophase occupies 17 1 per cent
of the mitosss time, while the telophase of Yoshida cells occupies 42
per cent Compared with other tissues (Hughes 1952), the metaphase of
HA 1 tamour cells 1s telatively fong There 15, however, a source of
error, p2 that the number of cells 1n telophase on the smears may be
(u'\md 1o be too fow, as event a cautious smeanng of a dron af ace -
aftan camam b 2 .

n
:.::u wuy 1n ottier wards, the diffie: ;l e ey 2
and terminal stages of muitosis Uity contems the counting of wmtial
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SUMMARY

The bological data of the HA 1 tumour are analysed The mean
survisal time of the fumour-bearing animals was found to be 14 47 days,
and 6 months later 12 71 days after the transplantation, so that the
tumour cclls appear to become more mahgnant to the host organism
the more fransfer generations the tumour has passed through Trans
planted female mice show a considerahle weight gamn unhhke male nuce,
and the formation of ascites 1s also more pronounced in the females
The increase 1n the number of tumour cdlls appears to be approxunately
cxponential from the 3rd to the 9th day after the transplantation The
generation time was caleulated to be an av erage of 53 5 hours during
this period Lafer, 1t 1s discussed that the growth of the tumour cells
cannot be 1deally exponential, and the generation time on the thiurd
day 15 more correetly about 30 hours and on the 9th day ahout 60 hours
In conforimity with this mcreasing generation time the mitotic ndex
of the tumour cells fell with the time clapsing after transplantation
The duration of mifosts was calculated to be about 53 minutes
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1t has been known for many years that hyperthyreosis, both experi-
mental and spontancous, as well as admistration of thyroid hormone
under smtable conditions, can produce hyperplasia of the thymus and
Iymphatic tissue (Hammar 1936) For a more extensive hibliography,
reference 15 made to earher studies by the present author and co-
workers (Gyllensten 1953, Barnholdt-von Enler et al 1959, Ernstrom &
Gyllensten 1959) This effect may possibly be a component of a ge-
neralized mitosss-stimulating action of the thyroid hormene (Leblond
& Carriere 1955)

The alnhity of the thyrond gland to stimulate growth of lymphatic
tissue seems to be part of a homeostatic mechanism which comes mto
function after operatine (Gyllensten 1933) ar hormonal (Rodlund &
Gyllensten 1954, Barnholdt-von Euler et al ) reduction of the thymo-
vmphatie system Thus, sigas ol inereased actinily were obsenved in
the thiroid gland after such reduction of the thymo Ivmphatic tissue
An additional factor was found to be of importance for regeneration,
te an wcreased tendency of the moluted tissue to react to raised
actinaty m the thyroid gland by greater growth than that of normal
thymo lymphatic lssue Thus, exogenous thyrotropic hormone was
observed to produce a grealer werease m weight of lymph node hissue
m quinea pigs pretreated with corlisone acetate, than n untreated
controls (Barnholdl-von Euler el al) The rarticipation of thyrord
hormone during regencration of thymo-lymphatic tissue s 1 con
formits with several mvestigations on regencration in other organs
and hissues of mammals, when thyroid extract has proved to hase a

stimulating effect A comprehensive list of references has beer
by Needham (1960) oo gen

The expenses of this Investigalin were partly defr:
Swedish Cancer Soctety " y defrayed by a grant from the

29
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The lustological changes in fymphatic tissue after thyroxin treatment
have heen studied prestously by quanfifatine methods {Ernstrom &
Gyllensten 1959) Among the obserations were an increase mn the
number of plasma cells and other pyromnophil cclls m the medullary
cords of the lymph nodes, as well as m the red pulp of the spleen,
during thyroxtn-induced growth In the cortex, there was an mncrease
m number of immature pyronmnoplul cells (transitional cells) of blast
nature Signs of an increased migration of Iymphocy tes from the lymph
node cortex were present, 1n the form of a relative decrease m the rato
of lymphocytes to reticular cells Studies of the crirculating blood fym-
phocyles showed no sigmficant change 1n the number of white cells
per volume umt of blood under the mflucnce of thyroun, whereas the
nutochondria content per lymphocyte, on the contrary, mereased
greatly duning the experimental period, mdicating a migration of young
Iymphocytes (Ernstrom & Larsson 1961)

To sum up, 1t can be smd that thyroxin brought about greater ma
turation n the medullary cords of the [ymph nodes, with an mesease
w the pumber of plasma cells, as well as of mmmature cells of blast
type m both cortex and medulla Moreover, the 1y mph-node hssut -
creased m weight, despite a concurrent migration of joung lympho-
¢y tes into the blood Thus, stimulation of several ¢y topoictic processes
was evident in the lymphatie tissue, i e, both maturation and growth
processes

In experimental nvolution affer admimstration of giycocortico-
steroid, signs of regeneration also appear i the medullary cards of
the lymph nodes~—after an mital stage of a day or so—with mereased
maturity of pyrominophil cells, and an increase in transiional eclis, 1 e,
cells of blast nature (Gyllcnsten 1962) Consequently, 1t should be pos-
sthle, by sumilar quantitative analyses of the differential histology
during regeneration, o obtain some explanation of the way n wiuch
thyroxin partakes n this process Before this can be done, 1t must be
determined whether thy roun, 1 fact, has an added grow th-shmulating
offeet on myvoluted Iymphatic tissue, as has been shown by the afore-
mentionced studics to apply to thyrotropie hormone The present in-
vestigation was made for these purposes

MATFRIAL AND MFTHODS

The expermmental amimals were voung male gumea pigs weighing 150-250 &
— 3 v 21 an maly firoun

has boen suc s

- am cords of the Ivmphatze tissuc ruensten
tancous ingection of 10 2g/100 g of bods
nan-Ta Rochey and Rilled 4 days later
.. racortennl ® intraperitoneally and 3 davs
{.rloﬁl»l;‘:ro:-;nu 10 4g/100 & of bodt werght subcutanearels) amd killod aftns »
foeher £ dmvs 1 8 davs after corticosterad administi
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The techmique used for preparation of the organs snd hustalogical _:_-;ammm:;z
was the same as the one used in a previoys study {Gyllensten 1962) écer\ I;\td
scapular and 10gminal lsmph nodes were dissected out ‘q“.'“-}":t“;\!:z]):l‘:hc“::izﬂs
when fresh as were the themus spleen and thyrold gland e Imphati

- . .
1 cells and mature plasma cells The differentsal
‘:o“;“,“e" made with an 1mmers;on opiical 5ystem al a magnsbication of 1000 X

RFSLLTS

The relatne weight of the organs (expressed as mg 100 g of bady
weight) 1n the various gronps 1s shown in Table 1)

TABLE 1
Relatiwe W eight of the Organs (mgli00 g of Body Weight} in the Different Groups
{for Explanation see Text)

J1ymphonode tiss e
eal

Thymos Spleen Thyro 1
S| Seanatars Inguinal 7 i o
< 1689 1425 1use 208
u 1498 1069 158 189
T 1881 1268 1436 193
or 2003 1293 1341 209

If the weight of the different organs in the treated amimals 1s com
pared with the corresponding weight in the controls the followmg per
centage varations are obtamed

Group Lymph node mass  Thymus Spleen Thyroid
T —113% —250 ~—28 e -9
T +114% —~10 4217 -—48¢%
vT +186% —93 4129 +05

1t 1s evident from these figures that thyroxin produced an increase
n weight of the Iymph node tissue, both with an without previous
steroid treatment As could be expected admimistration of cortico
steroid alone produced 2 decrense m weght Subsequent thyroxm
treatment (group UT) was not only able to compensate for this sterard
nduced mnvolution but also brought about an additional gawn 1n weight
o that the combination of steroid and thyroxin treatment produced
a greafer merease 1n weight than thyrexin alone The changes m weight
of the lvmph node mass 1n relation to that @y the controfs are almost
sigmbcant (p < 002) whereas the difference between the weight of
the lymph nede mass in the ammals &iven steroid only and that in the
ammals gisen hoth sterord and thyrovn 15 siphificant (p < po1)

As far as the other organs are conecerned no sigmficant difference
Was present hetween the effect of thyroxin with and w ithout previous
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admnistration of steroid. The differences between {he weights of the
organs and those in the controls are not significant, (‘\c(:pl for the
spleen, where an almost significant increase in weight is present
groups T and UT, ic., a gain in weight after thyrovin treatment No
differences between the hody weights were recarded

On the basis of the differential counts, a caleulation was made m
each specimen of the ratio of the number of special cclls of each cale-
gory (i e, plasma cells, transitional cells or Iymphocytes) to the num-
ber of retienlar cells. The ratios obtained in this way comprise a
measure of the relative composition of the organ in question in rela
tion to the reficular cells, which can be assumed to reman stable m
the tissue Table 2 shows the mean values of these ratios in the cervieal
Iymph nodes of the different groups.

TABLY 2
Ratio of Plasma Cells (pc), Transitional Cells (tc) and Iymphocyles (Ie),
Respectively o RHetrenlar Clls (re) an the Different Gronps

Cervieal lymph nodes

Group | Medutla Cortex
| per I tere | dere ere 1 der
[ 0152 0512 1183 0464 5933
v 0192 0567 1299 0402 5770
1 0340 0705 1212 0489 a018
U1 0329 0443 1284 @591 5499

It 15 seen that an mereased differentiation of plasma cells, transe-
tional cells, and Iymphocytes appeared i the medulla e all groups
gnen hormone treatment The combmation of thyroun and Ultra-
cortenol potentiated the nercase mn transthonal ceils (blast cells),
whereas the other, mote lughly differentiated cells (plasma cells and
Iymphoecytes) were mchned to show less prohferation after combined
treatment than after thyroun alone, or Ultracortenol alone In the
cortexn as well, a polentiated stimulation of the transitional cells re-
sulted from a combmalion of sterord and thyrovm, desmte the fact
that Ultracortenol alone produced a decrease i number of these ceils
The lymphocyfes i the corfex also reacted by a decrease —about {he
same as the lymphoeytes 1 the medulla  to comhined treatment with
steroid and thyroxin

In the ymph nodes of the extremities —as 1 those of the cervical
regron—the plasma cells mereased i nwmber after adnumistration of
thyronin only and of steroid only. the merease was smalier when the
two treatmends were camlnned The changes in composiion of the
medullary cords of the Iymph nodes m the relevant regrons 1 the
treated groups were as follows (the salues denole the pereentage

changes m the mean rato of plasma eelis to reticalar celis)
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Lymph nodes

Toguinal

Cervieal Seapular

g +266 % +22% 71
T 412364 +670% te37c
uT 1164 +115% +427%

Statistically the mnerease in plasma cell content 15 sigmificant 1 cach
of the treatment groups as compared to that in the controls The
crease m transibional cells i the cerucal Iymph nodes 1s also sign
fieant In the lymph nodes of the extrermties on the contrary the
crease 15 not significant  thys also applies to changes 1n the Ivmpho-
cvte content Calculated on sll the expernimental groups and the com
bined Iymph nodes the decrease mn plasma cell sttmulating cffect i
combined treatment as compared to that with corlicosteroid alone or
with thyre<n atone 1s almost sigmficant (p < 003)

o sigmiteant change could be demonstrated m the ratio of mature
to immature plasma cells

1n the spleen 2 highly significant increase 1n the number of plasma
cells and transitional cells took place after thyrowun treatment Con
versely treatment with Ultracortenol alone or 1n comhination with
thy roxin did not produce any significant change i the number of these
cells Nor was ny significant difference present n the lumphocyte
content of the syleen after any form of treatment tn question

DISCUSSION

The present mvestigation confirms the ohservation that cxogenous
thyroxin 1s al le also te produce a relatine greater merease n the weight
of lvmphatic tissue after imvolution than that in normal lymphatic
tissue The results therefore are n agreement with those of earlier
stuthes showmng Yhal endogenous thyroxin has a simular effect after
stimuiation of ihe thyroid gland with thyrotropic hormene {Barnhold!
von Euler ef al ) Consequently the effect must be bound to the thy
roxin and not te the thyrotropin nor to any other hypophyseal factor
which possibly might be supj lied together with the thy tolropin

As far ns the eddlular chnges during stimulated regeneration are
concerned the action of thyroun on the imvoluted Ismph node tissue
iffered from that on normal hymph node tissue Earler studies as
well as the present investigalion have shown that thyroxan sty
both maturation of lymphatic cells—; Iy 1) o
probiferation of more ture cell forms (ir: cells) In the
mcluted lvmph node tissue the regeneration of which was markedly
sttmulnted by thyroxun this hormone had a greater effect on the growth
| roctsses te on the icrease in rumber of immature cells than on
ihe maturation | rocesses The spleen on the contrary the regencration
«f wlich did not seem to be stimulated by thyronn ad iration

showed no such signs of a modified reaction fo thyrou when i was
gnven after | revious corticosteroyd admmistration

mulates
1 {
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adnumstration of sterord The differences between the weights of the
argans and those in the controls are not significant, cxcept for the
spleen, where an almost significant merease n weight 1s present
groups T and UT, ie, a gain m weight after thyronin treatment No
differences between the body werghts were recorded

On the basis of the differential counts, a calculation was made
each specimen of the ratio of the number of special cells of each cate-
gory (1 ¢, plasma cells, transilional eells or Iymphocytes) to the num-
ber of retientar eclls The ratios obtamed 1 this way comprise a
measure of the relatne composition of the organ question m rela-
tion to the reticular cells, wlhich can be assumed to remain stable n
the tissue Table 2 shows the mean values of these ratigs i the corvical
Iymph nodes of the different groups

TABITI 2
Ratio of Plasma Cells (pe}, Transitional Cells (tc) and Lymphocutes (le),
Respectioely to Relicular Cells (re} tn the Ihfferent Groups

Cervieal ly miph nodes

e

Group Medulla Cortex
pe re tere le re e re lere
c 0152 0532 1183 0461 %933
v 0192 0567 1299 0402 5770
1 0340 0705 1212 0139 6018
T 0329 03843 1284 0591 5499

1t 1s scen that an mecreased differentiation of plasma cells, transi-
tional cells, and Iymphocstes appeared 1 the medulla m all groups
gnen hormone treatment The combimation of thyroxin and Ulira-
caortenol potcntiated the nercase o transitional cells (blast cells),
whereas the other, more lighly differentiated cells (plasma cells and
lymphoeytes) were inclined to show less proliferation after combned
treatment than after thyroxin alone, or Ultracortenol alone In the
cortex as well, a potentiated stimulation of the transitional cells re-
snlted from a combination of steroid and thyroxin, despite the fact
that Ultracortenal alone produced @ decredse 1n number of these cells
The lymphocytes m the cortex also reacted by a decrease —about the
same as ihe lymphocey tes m the medulla—to combmed treatment with
sterovd and thyrosn

In the Iymph nodes of the extrenutics—as 1 those of the ceracal
region—tlic plasma eells mnereased in pumber affer admnstration of
thy roxin only and of steroid only, the increase was smaller when the
two Ireatments were comhined The changes 1 composition of the
meauliary tords of the hymph nodes m the relevant regions an the
treated groups were as fallons (the values denote the pereentage
changes m the mean ratio of plasma cells to reticular edlls)
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Lemph nodes

Inguinal

Corv eal Scapular

(;rgup +elﬁ 62 423 +71 :o
T 1736 +670%% e
& Tqis 4t +115¢ +457%

Statistrcally the mnerease n plasma cell content 1s sigmficant n;lcnch
of the treatment groups as compared to that in the controls The m
crease m transitional cells 1 the cervical lymph nodes 1s also signt
ficant In the Iymph nodes of the exiremibies on the contrary the in
crease 1s not sigmficant this also applies to changes mn tbe Jvmpho-
cyte content Caleulated on all the exq enmuntal groups and the com
Inned lymph nodes the decrease in {lasma cell stumulating effect
combined treatment as compared to that with corticosterotd alone of
wath thyroxin alone 1s almost sigmficant (p < 000}

o significant change could be demonstrated in the ratio of mature
to immature plasma cells

In the spleen a highly sigmifleant mnerease 1n the number of plasm1
cells and transitienal cells took place after thyroun treatment Con
versely treatment with Uliracortenol alone or 1n comhnation with
thyroxin did not produce any sigmficant change n the nrumber of these
cells “or was am significant diiference present m the lymphoeyte
content of the spleen after any form of treatment 1n question

DISCLSSION

The preseni imveshigabion confirms the observation that exogenous
thyrovin is able also to produce a relative greater inercase 1n the weight
of lymphatic tissue after mvolution than that in normal lymphatic
ussue The results therefore are 1 agreement with those of earlier
studies showing that endogenous thyroxin has a similar effect after
stmulation of the thyvroid gland wath thy rotropic hormone (Barnhold!
von Enler et al ) Consequently the effect must be bound to the thy
roxin and not to the thyrotropin ner fo ans other hy pophyseal factor
which possibly might 1 e supy lied together with the thy rotropin

As far as the cellular changes dunng stimulated regeneratipn are
concerned the action of thyrovin on the involuted Iymph node tissue
@iffired from that on normal lumph node tissue Farher studies as
well as the present investigation have shown that thyron stimulates
both maturation of [ymphatic cells——mamly pyronmoghil eelis—and
proliferatton of more e cell forms (tr: t 1 cells) In the
mvoluted lhvmph node tissue the regencration of which was markedly
stimulated by thyrown this hormoene had a greater effect on the growth
pracesses te on the merease m number of tmmature cells than on
he maturation § recesses The s]leen on the contrary the regeneration
«f which did not seem to be stimulated by thyroxin admimistration

showed no such s15ns of a modifted reaction to thyroun when it was
gnen after frevious corticosteroid adminrstration
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As an carbier studies, some parallcism was evident between the
changes mn weight of the thyroid gland and thosc of the thymo hym
phatic tissue (for discussion, sce Gyllensten 1953, 1062) Tlx{s m’\\. be
associated possibly m some way with the previously discussed homeo
stasis which has been found to evist between the thyroid gland and the
thymo-lymphatic tissue, during grow th and regeneration of the latter

SUMMARY

Lxogenous thyrowin is found to shmulate regeneration n the Iymph
node tissue of young guinea-pigs, after thymo-lymphatic mvolution
mnduced by admmstration of a glycocorticosteroid Differentin! counts
mn sections of lymphatic tissue show that thyroxin stimulates hoth
differenhiafion (maturation) and proliferation 1n the tissue, judged by
the relative number of mature cclls (plasma cells and Ivmphocytes) 1s
compared to immature forms (transitional cells and reticular cells)
A comparison between the effect of thyroxin on imvoluted Iymph node
tissue and on normal such tissue shows that, in the former case, the
hormone produces greater stumulation of growth and less stimulation
of maturation than in lymphatic tissue which has not undergone mvo
lution by provious admimistrahion of corticosteroid
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Involution of the thymus and lymphatic tissee s one of the most
charactenistic reactions in the stress syndrome, 1n other actnation of
the endogenous sccretion of the adrenal cortex, and after admunistra
tion of certain sterowds, particularly glycocorticosterords (Selye 1936,
Dougherly 1932, 1959, Ehrich & Seifler 1953, Kass el al 1933, Harris
et al 1954)

Tha fustologieal changes n steraid induced mvolution 1n various am
mal species hase been studied by a number of authors, with duergent
results 1 certan respects Muclear pyknoses and lymphocylolysis, most
pronownced m the thymie cortex, have been observed duning the first
hours after administration of adrenocorticotropsc hormone or corlico-
sterowds (Dougherly & Whate 1944, 1945, 1946, Baker ef al 1951, Rin-
geriz ef ol 1952 Ehnich & Sesfler 1953 il & Popisi 1960 Thus de
generitine phase has also been stated to be accompanied by a decrease
n the frequency of mitosts in thymus and or lymphatie tissue {Doug
herly & White 1945, Pfeffer ¢f al 1952, Robbins et al 1955, Dougherty
1939) Moreover, studies on other tissues seem to indicate that cerfain
steroids have a smtosis-inlubiting effect (Bulfough 195112, Faulrez ol al
1860, Gelfant 1160, Wellinglon & Voon 19613, or cause mtintion of
protein or nucleoprotein synthests (Clark & Stooreh 1946, Engel 1901,
Hull & Winte 1952, hit et al 1953, 1934, Blecher & White 1938)

The action of steroids on the plasma celts has aronsed special atten-
tien becwse of thwr abilits, under certain conditions, o reduce the
production or concentration of anttbodhes {Schwartzman 19533, hass
et n‘l 1953, Berglund 1936, Welazfer 1001) Snwmn n W - “iave re-
- ympho.

an -
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crease in the plasma eells under the influence of steroids {Dougherty &
White 1946, Ringertz of al 1933, Lundin et al 1954, Hill & Popisd
1960) Thally, the number of plasma cells has also been reported to be
untnfluenced by administration of steroids {Baher et al 19531)

In view of ihe confhieting statements on eg the reaction of the
plasma cclls m Iymphatic tissue on sterord-induced mvolution, 1 con-
sidered 1t warranted to mahe a quantitatine study, also mtended to
serie as a basw for further mveshigation of the regeneration pheno-
menon n lymphatic tissue after involution Quantitatise analyses of
this kind, with differential counts i veetioned materal, have been
made carher by Kwndred (1938, 1953) and Ringertz & Adamson (1930,
among others A special method was presiously desised for quantitative
studies of the plasma cells durimg postnatal development, as well as m
thy roain-induced Iymphatic hyperplisia {Carlsson & Gyllensten 1938,
Ernstrom & Gyllensien 1959), and has been apphed i the present
myestigttion

MATERIAL AND I THODS

Young male guinea pigs wedghing 150-250 g were used The controls consisted of
21 untreated gusnea pigs Altogether 65 animals were given 10 mg of predmisolone
trimethyl aectate (Ultracortennl @ Ciba) intraperitoneally and were hilled by a
blow on the neek 12, 4 8 or 16 davs later, 1n groups of 13 on cach occasion The
cervieal scapular and inguinal [vimph nodes were Lot
weighed i the fresh state crch group separatel
caclier (Gyflensten 19515 The thymus splech and
out and weighed A good corrcdation has been found hetween the weight of the
prepared lymph nodes and the total mass of Ivmph node tissue mn the gunea pifs
(Gulicnsten 195%)

The tugh riodes and spleen were ficed accordyng ta Carnady cut mnto sections 5 &

thich after cmbodding i paraffin and staned wath mothyl green pyromme by a
~ e O£ M oees 1078\ A WLfferential count was made in

magnification of 1000 X

- dulla respectnely of the
lvraph nodcs and the same number jn the pulp ot the spicen without division mto
white and rcd pulp The cells were taken at random te  those cells were counted
whose nuclens was visible under a reference line tn the evepiece The differential
caunt did not include vesscls connective tissue septa or the reaction centres of the

Iy mph nodes
The cells were classified according tc the sam criterta as thesc used an earher

studics (Carlsson & Gullensten 1958 Frnstrom & Gullensten 1939) which coyrespond
%o [agracus classtfication of 1948 Lhe following five groups of cells Were distin
gudied  retreufar cefis  Ivmphocsytes  transitional cells 1mmaturc and mature
plasma cells The last three categories are strongly pyrommophil  Mithough the
terminologsy used 1s not that rccommended o Prague ( f agracus 19607 1t 1s moty
yated Iy the deswwatility of canformity with the aforementioncd earlier studics
Qccastonal polymorpht pucfear Jenhoestes and other pnddassified edls were not

included 1n the count
RISLITS
The relatine weight of the orgins n the 21 controls 1s shown mn
Table 1
The values 1n the predmisolone treated anmmals (13 m each group),
expressed as 1 pereentage of the corresponding vatues m the controls,

are hsted an Table 2
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TABLF 1
Relatwoe Weight of the Organs (mg 100 g of Body W eight) in the 21 Controls

_ lymphneds ) rymTfu'.':‘o«. ‘ Thymay { Spleen Thera §
Cervical | Scapular  Ingumal | tsue
109 90 3036 2860 168 8> 14253 11383 0N

TABLE 2
W eight of the Organs in the Prednisolone Trealed Antmals (13 per group)
1 per Cent of the Corresponding Values in the Confrols

Total
Day after. tymphnotes l Boph | Thymus Spheen Theroi

teentment |——————————| O
Ceryical | Scapular | Inzutnal | nesue

80 963 017 a6 920 961 969

H 970 916 996 976 1037 1056 992

1 367 73 872 810 874 974 2038

8 948 0 810 889 760 962 832

16 1030 313 915 983 1048 1099 912

It 1s scen that a decrease tn weight of the total lymph-node tissue
oceursed, it was matuimal on day 4, after which the werght rose towards
the norml value on day 6 On days 4 and 8, the decrease s highly
stgrfiemnt (p < 9901) The regeneratine imerease mn weight was shght-
Iy slower in the Iymph nodes of the extramities than in those of the
cervieal region This 15 1n conformity with earhier obsersations on
functional differences between different regional groups of Iymph
tades (Gylleasten 1930, Carlsson & Gyllensten 1938, Ernstrom & Gyl-
lensten 1939)

The thynus showed a somewhat grealer,
erease In weight, most marked on day 8 Th
thyroid gland as well 15 highly sigmificant
weight of the spleen are not significant

The percentage distribulion of the 1arou:
node tissue and spleen of the contrals 15 seer

also ghly sigmificant de-
e decrease 1 weight of the
t, whereas the changes 1n

s cell types in the lymph-
nn Table 3

TABLE 3
Percentage Cellular Composition of the Lymph \ode Tissue and Spieen
m the 2 Controls

Liavma cetls

]
Transitionat |
(i, | TR e

Ivmph node ccrtex 00o 625
tvmph ntlnh- medulla ’ Hs st

Cenvical 477 1725 3754 40

4

Seapular 243 1275 4401 10 B;

Inguinal 134 1560 060 4238
Spleen 051 38 6261
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Changes 1n the cellular composition of the Ivmphatic tissue 1 16 davs after inyec-
tion of glycocorticosterord as compared to that i the controls (=100%) a=lyvmph
node cortex, be—medullary cords of cervieal lymph nodes, ¢= medullary cords of
1ymph nodes 1n the extremities, d == spleen

—@— reticular cells
+ -~ pyromnophil cells (transitional cells 4 1mmature and mature plasma cells)

O  Iymphocytes

Of the plasma cells 1 the medullary cords of the cervical lymph
nodes, 20 per cent were mature and the rest immature, 1n the lymph
nodes of the extrenuties, 16 and 18 per cent, respectrvely, were mature
The number of plasma cells m the other organs was so small that such
a classification was not merited

The differenttal composition of the corresponding tissues i the ex-
permmental ammals, as compared to that in the controls, 1s apparent
from g 1 Smee no significant difference was present in this respect
between the scapular and inguinal Iymph nodes, their values have been
combined

It 1s evident from Fig 1 that the lymph-node corfex showed a marhed,
relative decrease i pyronmophil cells (almost exclusively transttional
cells) Histologieally, nuclear pykuosis could be observed 1n certamn

tymphocy tes in the cortey, particularly on days ! and 2 The incidence
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Changes in weight and relabive cellular camposition ol cervical lymph nodes 1 16

davs after injection of corticosterord The changes are given as percentage devations

from corresponding control values The cellular composition of the cortex and me

dulla respectively 1s calculated as the relation hetween the number of plasma cells

(pe) transitional cells (fc) and lvmphocytes (Ic) respectively and the mumber of
reticular cells (re) the reticular cells thus being taken as reference cells

of pyknotic cells however, was extremely Jow (less than 1 per cent},
consequently, atrophy of the cortex cannot be explained by such lym-
phocytolssis as could be demonstrated m the form of pyvknosis The
Ivmphocvtes nesertheless had decreased m numbec as compared to the
Tetrcular cells This deerease in lymphocstes, as well as n transitional
cells m relation to reticular cells ¢an be mferred from Fig 2, and
showed some correlation to the decrease i weight

The relative decrease m hoth lymphoceytes and pyroninophil cells 1n
the corte 1s lughly sigmificant (p < 0 001)

In the medullary cords of the cervical lymph nodes, there was an
izl relative deerease m the psroninophil cells on day 1, and n the
plasma cclls on day 2 as well (Figs 1 and 2) The decrease was fol
lowed by a relatine inerease m the cell types i question during days
4 16 The relatie Ivmphocyte content showed an merease durning the
whole experimental period The increase m rclatue lymphocste con-
tent and in the content of pyroninophul cells after day 2 w highly signi-
ficant The imhial deercase in pyroninophil cells 15 almost significant
(p<003)

In the medullary cords of the lymph nodes of the exfrennlies, no w
i1l decrease occurred in the number of psroninophil cells, there was,
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on the contrary, a significant increase durmg the whole expermmental
period  Although a shght relaine decrease m Iymphocytes was ob
served, 1t was not sigmificant

In the spleen, a shght but not significant relatine inerease could be
demonsirated in the number of pyroninoph! cells, as well as a signt
ficant relative decrease n Iy mphocytes

A comparison between the reactions m the varous pyromnophil cells
showed a significant increase (+ 19 4 per cent) m the plasma cells, as
compared to the transitional cells, in the medullary cords of the cer
vieal Iymph nodes, and an msignificant inerease 1n the medulla of the
other lymph nodes This merease 1n maturation reached a maximunt
on day 8n the cervical lymph nodes, and on day 16 1 the [ymph nodes
of the extremtues, and appeared from the start of the expermmental
Deriod A comparison hetween mature and immature plasma cells also
showed stimulated maturation of the pyronmophl cells under the
mfluence of the corticosteroid, expressed as an mcrease in the number
of mature plasma cells 1n relation to immature This increased matu-
ration of plasma cells was highly significant 1 the cervical lymph
nodes, and took place during the whole experimental period, with 1
maxinum on day 4 In the Iymph nodes of the extremities, such matu
ration was harely perceptible, and thus not significant

In view of the low content of plasma cells mn the lymph-node corlex
and the spleen, no statistical comparnison could be made hetween pos-
sible changes in their degrec of maturahon

DISCLSSION

During corticostcroid-induced myolution, the reactions mn the cortey
of the Iymph nodes ire, on the whole, the reverse of those in the me-
dullary cords Thus, 1n the cortex, a relatne decrease occurs n the
number of lymphocytes and transitional cells as compared to reticular
cells, ¢, a “de diffcrentiation” This decrease 1s largely correlated to
the decrease m weight, with 4 maumum on day 4, and explams the
decrease 1n weight, since the cortex 1s responsible for the greater part
of the weight of the Iymph nodes

In the medullary cords, on the contrary, a relatne snerease in number
of pyronmophil cells—and, to some extent, also of Iymphocy tes—tahes
place during the greater part of the experimental period, 1e, a “diffe-
rentiation  These changes ¢an he intcrpreted as signs of regeneration
m the lymph nodes, orginating 1n the medulla This regencration starts
even before myolution of the coriex has reached a maxomum A deserip-
tion of such function in the Iymph node marrow hs been grven carher
by Ringerlz el al (1951)

Curtmin reglonal differences belween lymph node groups were ob-
served 1n the present study, 1n conformiy with those descrihed pre-
viously by Gyllensten and co-workers (1950, 1958, 1939) and—as far as
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the differential composition of sarsous Jymph nodes1s concerned—also
by Fitgre (1960) The cervical lymph nodes gave evidence «:lf(!;emg‘m«;rc‘
Inghly differentiated with respect to the conient of haghty ds er:!n 1:’};-1(
cells (plasma cells and lymphocytes) mn the medullary cords o e
changes after steroid admimstration were also more distinct an 1‘:
region, and had a mgher degree of sigmficance than those mn the lymp

nodes of the extremities \orcover, an imitial decrease occurred in the
number of pyroninophil cells, remumiscent of the conditions in the
Ivmph-node cortex, and indicating that steroiwd-induced mnvolution 1s,
at the stard, an expression of a generahized reaction mn the hymphatic
svstem

‘The changes 1n the spleen resembled those in the Jymph nodes, con-
sisting of an mappreciable merease 1n pyromnophil cells (localized to
the red pulp), and a decrease in lymphocytes {locahzed to the white
pulp} The spleen thus scems to combine the reactions characteristic of
both the cortex and the medulla of the lymph nodes, t e, atrophs and
regeneration, respeclively This may possibly explain the less marked
decrease 1n weight of the spleen

On day 2, a consistent relatie mcrease i weight was recorded n
all lymphatic organs as compared to day 1, which produced a break in
the nvolution curve This might hase been due to {luid retention and
ocdema (Il & Popisil 1960)

As menttoned 1n the introduction to this paper, certain msyestigations
indicate that glycocorticosterords can produce inhibition of mitosis
This could partly explun the decrease in weight of the lymphatie tissue,
as well as the relatise preponderance of mature cells as compared to
wnmature cells m the medallary cords Furthermore, the time conrse
of mvolution, with a maumum several days after adminstration of
the steroid, when 1t has long since been nactivated (Dougherty 1959),
can be explamed partly by an wnhintion of mtosss, wsolving chiefly
the earhest stages of lymphocytoporesis and plasmocy topoiesis

The comparatively marked ncrease m pyromnophil cells——greatest
n the mote mature forms—n the medullary cords can searcely be
asenbed only to inhintion of mitosis 1n 1mmature cells, with a result-
g relative decrease 1n their number This 1s because the ncrease in
the malure forms of cells persists, without diminishing, dunng the
whole experimental period, this applics even during the reean - ¢

It has heen clumed that an increase 1 mature or old cells n a
bissue 1s able to stimulate mitotic actity, whereas a decrease in therr
number ean nhibit thag actuity (Tetr & Ravants 1933, Osgood 1959
Tetr & Tahttharja 1961) Such a homeostatic mechanism can be cn:
visaged to underlie regeneration taking place in the medulary cords
of the Inmph nodes after steroid mduced imvolution Thus, the refatine

~ ~
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mncrease i mature eells (plasma cells and lymphocytes), as well as
posaible carly Iysis of such cells, would be able to stimulate mitelie
actinity m the medullary cords, with a resulting mugration of newly
formed cells into the cortex andor eircul shon The more mtense migra-
tion of the Iymphocy tes—particularly imto the circulation—ean explun
the differences that have been observed betwecn the two forms of cells
under the mnfluence of steroids

Certan inyvestigations seem to show that the meidence of Jymphatie
tumours may be rarsed after administration of sterowds (Gardner el al
1944, Toch ot al 1956, Miihibock & Boot 1959), although the relevant
data are conflichng (haplan ¢t al 1954) An nereased new formation
of cells 1n e medulla of the Iymph nodes during and after steroid
induced mnvolution might, m fact, muply a greater sensitnaty to cm-
cerogenie 1nyurics, e g roentgen irradiation

The mcrease i plasma cells during sterord-induced myolution ap-
pears to contradict the results of studies showing that sterowds, under
certain conditions, can mnhint the formation of antibodics (for referen-
ces, see Inlroduction) The cantradiction, however, 15 merely apparent
1f—as stated by Fagraens (1948), among others—it 1s the nnmature
pyrommophil cells that are responsible for antibedy formation In fnct,
the differential counts show a preponderance of mature plasma cells
under the mfluence of steroids, and this “hyper-maturity” mught well
be envisaged to disturb the ability of the cells to produce antibodies

In the present mvestigation, a certatn parallehism was ohserved be-
tween Iymphatic imvolution and thyrowd decrease, with a rise in weight
of the thyroid gland 1n connexton with regencration of the mnvoluted
Iymphatic tssue This mught be an mdication of the homeostatic b
lance which, to some extent, exists between thyroid and thymo-lym-
phatic tissuc (Gyllensten 1953, Barnholdl-von Luler et al 1959)

SUMMARY

1 The present snveshigation 1 a quantitatine one Differential cell
counts are made i sections of the lymph-node tissue and spleen of
guinca-pigs, during mseolution and regencration after a single, mtra-
pentoncal mnjection of glycocorticosteroid Regeneration is largely com-
pleted 16 days after sterord adminmistration

2 In the [ymph-node cortex, a decrease 1s found n the number of
1y mphocy tes and py romnophul cells, 1 good correlation to the decrease
m weight As a result of this deercase i lughly diffcrentiated cells, a
relative increase tahes place 1n the reticular cells, 1¢, a “de-diffcrentn-
tion’

3 In the medullary cords of the Ismph nodes, @ hghly significant,
atis e incrense n the number of py rominophil edlls oceurs during most

rel
expernmnental period, as well as a greater dogree of maturation of

of the
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such cells with the appearance of a larger number of mature plasma
cells te a d fferenhation

4 Certain regional differences are observed Ietween lymph node
groups The cervical lymph nodes have a higher content of p3 ronmophil
cells 1n their medullary cords Here there 1s also a decrease i number
of plasma cells durmg the first 2 davs after admimistrabion of the
steroid and on the first day of smmature pyromnophil celis as well
After this initial reaction follows the aforementioned conspicuous 1n
crease of the same cells during the rest of the experimental peried
An increased differentiation 1s also observed with respect to the lvm
phocytes which increase in number during the whole experimenta)
periol The lymph nodes of the cxtremities do not exhit fhese
changes

o Inthe spleen s nular but less pronounced changes take place as in
the lymph nodes m the form of a relative inerease m the prronmoephit
cells and a decrease in the number of iymphocytes

6 The mechamism underlying steraid induced mvolution 1w dis
cussed The probability 15 suggested of a homeostatic balance with
nvolution 1n the cortex of the Iymph nodes and regeneration with an
early onset 1n the medulla The effect of steroids on the Iymphatic
tissue can possibly be exj lained as a combination of evtolysis with an
early onset nhibition of mitosis chiefly m immature cells and
creased differentiation of more mature cells Aceumulation of mature
or hyjer mature and damaged cells may have a mitosis shmulating

actton and thus secondanly eliait proliferation in more immature
forms of cells with regeneration as a result
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Afyn (8) reported no such finding Most methods recommend 1 to
7 dav old sheep cells (1 18) Dempster (1) howeser noled that the
antibody agglutinated fresh ervthrocyies to the same titre as eryihro
cytes which had been hept for one day Accordmng to this author the
keepmg of the cells for one day 1s only hikelv to merease the agglutina
tion effect produced by the normal Forssman antibody

Both the concentration of cell suspension (1 17) and the tempera
ture of meubation defimtels affect the final result (17) Cold aggluty
nms present in the serum are parficularly likely fo fead fo error (22)
if test tubes are hept overmight 1n a refrigerator this possibality of
error from cold agglutimins can be ehimnated by re heating tubes at
37° C (17 22) Ice hox incubation only meurs the nonspecific action of
cold agglutimins  Although higher titres are obtained mn this way neither
the sensihivaty nor the specificats of the test 1s inereased (3) Incubation
at 37° C therefore is alone to be recommended (4 18)

To cvaluate the smportance of absorption fests 1n the serological
diagnosis of infectious mononucleosss and to give an 1dea of the
adence of infectious mononueleosis m Southwest Finland the Paul
Bunnell material of Turku Unnersity Department of Medical Micro
brology over the last 8 years 15 reported on helow

VATFRIAL AND MFTHOD
The material comer ses the 1963 blood specimens
f pat ents suspected of having
mfect ous mononucleasis tested b ¥
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TURRU, FINLAND (HEAD PROFFSSOR FERO MUSTARAILIO WD)

DIFFERENTIAL ABSORPTION TESTS IN THE DIAGNOSIS
Or' INFECTIOUS MONONUCLEOSIS
By

Sno ViRTani
Recenved 20162

The Paul-Bunnell test or heterophihc antibody test 1s non-speaific
(3, 14) Its exact nature 1s still obscure, but 1t may be stmilar to e g the
Wassermann reaction i the diagnosis of syphilis, or the Weil-Felix
reiction 1 some of the richettsial diseases (13)

Ixcept 1n anfectious mononucleosis, relatively high titres of sheep
red-cell agelutinins may occur 1in normal subjects after an njection
of horse serum, or after various known and unhnown antrgen stunult
(2) TClevated titre values are noted 1in many diseases of the lymphatic
system (15)

The antthody to infectious mononucleosis can be distinguished by
absorption tests from the other factors agglutmating the red blood
cells of sheep The sheep cell agglutins 1 nfectious mononucieosts
can be complctely absorbed by beef erythrocytes but are not reduced
significantly by absorption with guinea pig hudney In serum sichness
sheep cell agglutinins can he completels absorbed by both guinea-pig
kidney and beef erythrocytes Shecep cell agglutimins m normal human
sera are not absorbed by beef cells whereas they are by gumea-pig
kidney (10,14, 18)

Dilferential absorption test 1s highly specific for infectious mono
nucleosis (3,9) a ttre =1 10 after absorption with gumea pig hd
ney 1s valid for its dingnosis (13, 14) According to Lebountz (10) md
Alyn (8), a sigmificant titre 15 one which fulfills the bsorption char-
actcristics of infectious mononuceleosis, whether the titre be high or fow

Contradictory results 1n the Paul-Bunnell test are usually attribut-
ahle to differences 1n the methods cmployed (17, 22) It 1s absolutely
nceessary to mdreate the titre i the form of the final dilution of the
serum after the addition of cdlls (17,18)

Inform itton about the influenec on results of the shecp edls uscd
1n titration 1s contradictory According to Reper (7) and Zarafonelis
et al (21), the cells of different sheep guwe different titres, whercas

1 Aided by a grant from the Rockefeller Foundation
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test titres of 1/10 140, only four {33 per cent) confammed nfectious
mononuclcosis antibodies They account for 63 per cent of the infec
tious mononucleosts ser1 m the present matenial

The neidence of positive sera by year 1s Jhown m Table 3 Of the
total matensal 11 3 per cent showed positine sera The annual incidence
of positine cases 15 shown n Table 4

TABLE 3

The Annual Qccurrence of Sera with Absorption Pattern Typical of
Infectious Mononucleosis

3 1 Infestious mononucleos s sera
ear Sun ber Tercent Negative sera Total
1954 19 90 187 205
1955 26 89 26, 201
1956 20 69 270 a0
1957 25 95 239 261
1958 23 123 161 1ot
1929 2 132 127 204
1360 37 152 192 2
1961 5 13 250 20%
222 113 1741 1963

TABLF 4

Inctlence of Serolog cally Vertfied Cases of Infect ous Mononuclensis by Year

Year Number of cases
1934
195% %
1956 20
01 2%
1958 24
1949 27
1960 29
1961 39
20%

DISCLSSION

. 'I\‘\ul‘ clhoh;;,xca\ 2bent of infections mononucleosss has not as yet been
detected (14) 1 cpenimental fransnmss
1on apart from a few sy,
{a
x;urmpls has not been confirmed while attempts to (mmm“;,{:hslne
tetion to expenimental ammals have also faled or ha | e
conclusie results (6 14) e yielded no
Infechious mononucleos
1s usually oceurs in s
poradie ca 5
:lm;s m(m:\:on i hospital wards or hetween room mul::‘ (')l‘ o
0
“:1 “ml‘]n (5 6) Rejorts on eptdemics of infectioys monnnuc‘l e
neralls not conclusne to the eritieal observer (6) In cas (.-:N(‘hm”c
8 where
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which the hacmagglutination test was performed in the usual way with Ihe senal
dilution 1/8 to 14095

For Method 1, 20 per cent guinca pig hadney emulsion tn saline and 20 per cent
heef red cell suspension fn saline were prepared according to Mack& McCarfaey
{12) 125 ml gwinea pig kadney emulsion was added to D2 m! of serum and 129 M
of heef cell suspension to another 825 ml batch The tubes were Jeft at room tempe
rature for 1 hour and centrifuged, after which the hacmagglutination test was pe
formed in the manncr deseribed under Method 11 The serral dilution n thes €ase
was 1/10 to 1/10240

Rrsviris

The results of the Paul-Bunnell tests performed according to Method
I arc given 1n Table I Absorption resulls typical of infectrous mono-
nucleosis was obtainred 1n 154 cases, 101 per cent Of the sera whose
titre 1n the presumphive fest was = 1/64, 65 (997 per cent) became
negatnve after guinea-pig hidney abserption In 8 eases the serum did
not suffice for absorptton, m 6 of thesc cases the titre was #/64, in one,
1/128 and 1n one, 1/256

TABLE 1
Absorption with Guinea Prg hidney (Material 1)

Trented with guinen pig kidpey |

Titre In
presmpie e | Motatsobed | ' tawesied | totatnumier
infections \bsorhed #
mononucl os !
> 1/64 154 65 8 227
< 1/64 - 1304 1304
154 65 1312 1531
TABLL 2
Absarption with Gutnea Pig Ridney and wilh Beef Cells (Materal 1)
Treated with guinea pig Treated with beef |
bidney cells
Tfire i — — | =
presumptive | Not absorl ed Vatreated | nI;;ﬂler
e oot \bsorbid absoced  Abrorl ed
of infectlots |
= 1/80 64 19 0 8} 2 85
1710 1740 4 119 0 123 123
<11 224 224
[it3 138 ¢ 206 226 132

The results of the determmnations accordmg to Mcthod II are givent
in Table 2 OF the scra tested, 68 (16 1 per cent) were ty pical infectious
mononucleosts sera Nearly half (47 8 per cent) of the sera were ab-
sorbed both with gumnea-pig kidncy and beel cells In two cises there
was msufficient serum for absorption The titres of these sera m the

presumptive test were 1/80 and 1/320 Of 122 sera with presumplive
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est titres of 110-1/10, only four (33 per cent) contmued wfectious
nononucleosts antibodies They account for 63 per cent of the infee-
ious mononucleosts sera i the present material

“The incidence of positive sera by year 1s shown m Table 3 Of the
total material 11 3 per cent showed positive sera The annual merdence
of positne cases is shown n Table 4

TABLE 3

The Annual Occurrence of Sera with Absory ton [ attecn Typ eal of
Infectrons Mononucleosis

| Intect ous mononucleosia sera
Year ‘ e Letcent Negatlse sern Total
1951 19 92 187 206
1953 26 89 265 291
1926 20 69 270 290
1927 25 95 239 264
1928 23 125 161 181
1959 27 132 171 264
1960 37 162 1w 28
1961 . 157 250 2%
222 13 1741 1963

TABLE 4

Incttence of Serolog cafly Verifie ! Cases of Infections Vonanucleosis by Year

Year Sumber of caves
1924 17
1935 23
1926 20
1927 26
1928 21
1959 o
1950 29
1981 39
20>

DISCUSSION

The etiologiieal agent of infectious mononueleosis has not as set been
detected (14) Fxperimental transmussion apart from a few suggestine
Wempts has not been confirmed while attempts to transmut the n
fieton to expenimental animals have also fasled or have yiclded
conclusine results (6 14) peed o

In!cclrmuls mononueleosis usually oceurs an sporadic cases (5) and
cross infection 1in hospilal wards or b

helween room mates 1
s almo
u:kno\‘\‘n (o 6) Reports on epudemics of infectious mononucleests a:!
generalls not conclusive to the entical observer (6) In cases wh .
ere
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which the hacmagglutination test was performed 1n the usual was with the serial
dilution 1/8 to 1/4096

Tor Method II, 20 per cent guinea pig hidnes ¢mulsion i saline and 20 per cent
beef red cell suspension 1 saline were prepared according 1o Vackie& MeCartacg
(12) 125 ml guinca mig hidney emulsion was added to 025 ml of serum and 12 ml
af hecf-ccll suspension to another 025 m1 bateh The tubes were left at room tempe
rature for 1 hour and centrifuged after which the haemagglutination test was per
formed m the manner described under Method 1T The serial difution i thes cae
was 1/16 to 1/10240

RLSULTS

The results of the Paul-Bunnell tests performed according to Method
I are guven m Table 1 Absorption results typieal of infectious mono
nucleosts was obtained 1n 154 cases, 10 1 per cent Of the sera whose
titre 1n the presumpiine test was = /64, 65 (297 per cent) became
negative after guinea-mig hidney absorption In 8 eases the serum did
not suffice for absorption, 1n 6 of these cases the hitre was 1/64, 1 one,
1/228 and wn one, 1/256

TABLI 1
Absorption with Giinea iy Ridney (Materal 1)

Tre wed with guinea pig hidney ‘I

p 1 numl er
mipise test | Notnbsorbed | Unireated Totiln
proswmps =amibody of | \peorned
mononucliosiy

= 1/64 15¢ 65 8 227

< U6 1304 1304

154 6o 1312 1531
TABIT 2

Absorphion with Guinea Pag hulney and with Beef Colls (Materal 1)

Treated with guinca pig Treated with beef | }
hidney ells

— ! Totl

Titeedn | o I
presumptive | ot airsort ed N Lateeated  pumber
s .
monongcleesis | \bsorbed ' alsorbed  Mumled
of 1nfectious |
= 1/80 64 19 0 83 2 85
110 1/10 4 119 0 123 123
<110 - 224 224
68 138 0 206 22¢ 132

The resulls of the determmations aceording to Method I¥ are given
in Table 2 Of the scra tested, 68 (16 1 per cent) were ty preal infectious
mononuclcosis stra Nearly half (47 8 per cent) of the sera were ab-
sorhcd hath with guinea-pg lidney nd beef cills In two cases there
was nsufficient serum for absorption The titres of these seran the
presumptinve fest were 1/80 and 1/320 Of 122 sera with presumptine
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ase, though this 15 statistically sigmificant onls for

i‘f;((;‘l“(; illg}:)la;n":ll:}clw may bcgcnnncclcd with the change m determina
ue

hﬁ'lrzh‘:ca};::iphon of low titre sera mmolves a great _denl of ad:hl:-oa:ael
work For determinations according to Method II, 47 8 per cent o A
specimens had to be absorbed, whereas determinations Mcorgmﬁ
to Method I with sera of titres = 1/64 only absorhed the p;;opor 10}
of absorhed samples was no more than 143 per cent Had a sorphar;
not heen carried out, 4 (63 per cent) of the 68 positine samples o
\fatenal II would have remamed undetected Absorption ts of e.)\cr:
greater importance 1 the climination of false positne results In 297
per cent of the sera of Matenal I wath titres Z 1/64 10 the presumptive
fest no antihody o 1nfectious Mononucleosis was mvolved Of the Ma
terial 11 sera with titres = 1/80 1n the presumptine test, 229 per cent
had no antibodies to mononucleows

SUMMARY

Sheep red cell agglutinins of 1,963 serum samples from patients with
pected inf 1 were testcd In 425 cases the test
was complemented by absorption procedures 1n 219 cases with guinea
mg kidnev absorption and 206 cases with both guinea pig hidnev and
beef cell absorption Of the sera tested 11 3 per cent gave an absorption
pattern typical of infectious mononueleosis The umportance of sero-
logical reactions 1n the diagnosis of infectious mononucleosis 15 dis
cussed Absorption procedures are declared necessary to confirm the
diagnosis By absorbing also the low-titre sera (1/10 1/40), the number
of positive Tesults could be inereased by 63 per cent
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absorption tests have been carried out 1n connection with an epudemic,
results have been mceonsistent (19,20} Shubert el al (16) descnbe an
epidenic varmant of infectious mononucleosis for which the serologic
tests were negative They claim that this 15 a form elosely alhed to vt
different from, the sporadicallly oceurring infections mononucleos:s
According to Lewowitz (11), iwo different but related viruses eust
one assocraied with sero-positive cases, the other with sero negatne
cascs Lpidenic variety s most offen described as the type i which
the heterophil antthody test 1s not positive i

Itis quate possible that a clinical picture resembling that of infectious
mononucleosts embraces a number of diffcrent entities, some of them
1Ml-defined (6, 14)

Different writers report 83-100 per cent posttise Paul-Bunnell tests
performed with the absorption technique, 1in mononueleosts matenals
Poorer correlations have also been reported, e g Dempster (4), with
66 per cent This naturally depends upon the criteria on which the
drignosis of mononucleos:s 1s based The diagnosis of nfectious mone
nucleosts should rest on a trianguiar base 1y meal symptomologs, hae
matology and serology (5) The first two are far from spcethic (5,10
The sheep-cel agglutination test, complemented by the absorphon
techmique, 1s the most speaific of the three (5, 10) This test m1y B¢
used as an almost absolute guide to the diagnosis of tnfectious mono
nucleosss (10) It would therefore be wise to regard a positise sheep
cell agglutination test as essential to the diagnosis of mfectious mono-
nucleosis (5)

If the scrological tests are correctly pertormed they are nearly 100
per cent positive 1n nfectious mononucleosis The most frequent cau
sative factors of sero-negatnty are 1 failure to perform agglutinahion
tests early enough in the tllness 2 failure to perform agglutination
teats late enough in the allness Unless the tests are repeated up to three
months from the onset of the tllness, the case cannot be constdered one
of sero-negative mfectious mononucleosts 3 Fulure to employ con
firmatory absorption tests on sera with low titrgs 4 Fatlure to exciude
cases of a confusingly stmilar chimical picture which are not infectious
mononuclcosis (10) If the above condilions wre met the causatne
factor may be that 5 differcnt but related viruses may he mmvolved or
6 1ndividuals may occasionally be serologreally “mert’, meamng that
they fail to react to an antigen with the wsual production of antibodies
(11) If these criteria are applied, the proportion of sero-negative cases
1 Lethowatz’s material 1s 5 5 per ecnt (11) Vahdity of dragnosis of m-
fectious mononucleosis 1 sero-negaline cases will, however, remun
somewhat uncertain, at least until the eticlogical agent 1s 1dentificd and
an unquestionable diagnostic test devised (11}

The present material, sce Tables 3 and 4, showed a roughly uniform
al meidence of nfecttous mononucicoss Thts concurs with the

annu
ure of the disease In recent years the numbcr of ciscs

sporadic nat
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INCIDENCE OF INFECTIOUS MONONUCLEOSIS
ANTIBODIES IN BLOOD DONORS

By
Stuo VIRTANES
Rece sed 20 167

The mfections mononucleosts antibody mas be distinguished from
the other heterophilic antibodics by absorbing the serum with guninea
g kidney and beef red cells (12 fa 16) This differential absorption
1est 1s aghly speafic for infectious mononucleosts (5) Indeed 1t 1s
the most specific of all dingnostic charactensties of infectious mono
nucleosis (4 7) and 1s positne 1 nearly 100 per cent of the cases
(12 13)

The posilise reaction hawever may be extremely transient (3 7 15)
In Hoagland s matenial (7) the reaction often returned to negatne

within the first month and usually within 3 months In [ etbouni-s
matenal " !

third menth
but no lc " the reaction
usually mas remain
so for 9

15 somewhat
contradiciory and 1t 1s obvious that in any guien case there 15 no way

of [ redicting at what levels or for how long, the antibodies will persist
)

An average of 2o 26 cases of infectious mononucleosis per year were
serologically senfied by the Dej artment of Medieal Microbiology Umi
versity of Turku 1n 1924 1961 Stnce the disease usually takes a henign
course and ats ssmptoms arc often indefsnite patients rarely consult
2 doctor Many of the cases are evidently treated at Qutpatient Clinies
as “sore threat angina or pharingitis without a correet dragnosis
The disease masy  moreover lake a completely asvmptomatic form
(9 11} and i 18 therefore ¢vudent that the thagnosed crses do not
provide an accurate picture of the incidence of the disease To discover
the extent to which the infechious mononucleosis anfibody 15 encoun
fered among the healthy adult population of Finland the followin
tnyvestigation on blood donors was carried out mn the autumn of msrf

% \ided by m grant from the Rockefeller Foundat on
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In another case (titre 1/320) the blood donor had had fever and a sore
throat for three d1s one month carher, but he had not consulted the
doctor or had any treatment No information was obtamable on the
third case (hitre 1/20)

DISTUSSION

Incidence of infections mononucleosts antthody must be considered
indicatine of a relatnely recent infection The presence of antibody n
about 1 per cent of healthy subjects suggests that the true incidence
of the disease 1 considerably higher than the tolal of defimtely diag-
nosed cases, which, apart from the three cases hsted above, numbhered
only 29 1n 1960 The Turhu Unnersity Department of Medical Micro-
Inology 1s the serological laboratory serving a district with a fotal po-
pulation of ahout 650,000 A faucly high inewdence of wfectious mono-
nucleosis 1s also suggested by Klemola’s (10) observations from Hel-
sinki Mumeipal Epidemic Hospital where 9 eases of mfectious mono-
nucleosis were recorded per 100 cases of angina In Denmark, according
to Thomsen (17), there were 7 8 cases of mononucleosis per 100 cases
of angina Evidently, therefore, quite a considerable proportion of the
cases of mfectious mononucleosis escape detection The reason 1s pro-
bably the same as in the present material the patients do not consult
the doctor at all, and a number of cases are incorrectly dingnosed as
angina or “sore threal” In Lngland, Barrett (1) found infectious
mononucleosis antibodies i 5 out of 300 hloed donors (17 per cent)
The 1alue found in the present study, 1 per cent, 15 of roughly similar
magnilude

Experimental attempts at transferning infectious mononucleosss from
one person to another have failed (6) A few suggestine results cannot
be tahen as cortamnties (8,12,15) Thus, and the fact that the infection
scldom sprends to room mates and that no cross-infections occur n
hospitals, seem to andicate a low risk of contagion (6,8) The rish of

infection through blood-bank blood must therefore he considered ex-
tremely improbable

SUMMARY

The merdince of sheep red-cell agglulimins 1n 321 blood donors was
miestigated Lighty two 126 per cenl), showed EEveleaTs A e tivre
Z 110 These sera were studied by the differential absorption test
Only in 3 cases (09 per cent) were the agglutinins of infuctious mono-
nucliosis type This suggests that the true maidence of the disease 1s
consderably hugher than the number of dy; ;

agnosed ca
tisk of infection thror < o The possible

ugh blood-hank bhlood is discussed
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SFRII'S AND MFTHOD

mTh? serics comprised 321 blacd doncrs, 221 of these passed through the Ked Cross
 od Transfusion Service tn Turl u and 100 1n hucbie 1cr all donors the haeme
Flobnn was not less than 12 gr ¢ and the hahn reaction Was negative 131 of them
were men and 190 women Ther mean age was 355 + 06 vears

The Paul Bunnell test (presumptive test) was performed as follans Serum was
mactivated by heeping it at 562 C for half an hour A dilution scries of the serum
Was Made m the ratie 1 2 1125 ta 12560 05 ml per tuhe A 1 per cent suspension
was Made of sheep red cells washed three times with phsialogical saline sofution
05 ml of this suspension was added to cach tube and to serve as a conlrol to a tube
of physiologieal saline The sheep cclls used were more than one das and less than
7 davs ald, eclls were thus replaced weehly and deencd from different sheep New
vad eclls were alwavs tested with a Pawl Buanell pocttive canteal serum The final
serum dilution was 15 te 17120 The tubes were mcubated jn a water hath v 2
hours at 37° € (16) after which the result was read with the nahed eve The degree
of agglutmation was assessed as fellows ++ 4 = firm dise ++ = dine eah
broken into large flahes + == finely granular agglutination

Inffercntial absorption test 1n the event of an agglutination ttre 2 110 shsorp
tion was earried out hoth by guinace pig kidney emulsion and by beef cells {olloned
by agelutination in the usual was A titre = 1710 after guinet mg ladney aheot) biog
which disappeared «n beef cell absorpticn was considered signficant and to mdicate
infectious mononucleosts The absorpticn was performed by 20 per cent pminea e
ldney ermulaon i <aline and 20 per cent beef red cell suspension n sahne pre
pared by the Mackie & McCartney methed (14) 125 ml of gunea pig hadney emul
vien Was added to 02% ml of <erum and 125 ml beef ccll suspension to an ther
0 2% ml hatch of serum The tubcs were left for 1 hour at raom temperature o
trifuged and asglutinati n was performed as usual The final serum dilutions were
110 to 110240

RISULITS
TABLE 1
Presamytu e Test nith the Serum of 321 Blood Donors
Titre Totl
s wofm ta Tw wo ' owm tia e
N\umber 149 389 13 3B 10 2 1 v 0 [} " il k23Y
TABLE 2

Differential Absaryte 0 Te<t of 83 S ra

Treated with yuwney p o ki Taesy Treate f with 1 eef cetls
— — — _— = Total
~ot al sorf ed Asarlel Notalsorfed Atsrt d
1 80 0 83 81

1he results of the presumpting test are grvenan Table 1 In 149 eases
1105 per cant) the titre was less than 1/5 In ibout % of the cascs
(74 per cont) at was Jess than 110 Only m 3 cases (09 per cant) were
he red cell agglutimins of the mfcctious manonuclcosts type In 2 cases
the hiire was 1120 wd m ond 17320 In ond of thest eases dlitre 120y
{lye subject had a couple of months earher had ngma resistant to
puontetllin therapy 0o treptococer, however, were found on culturc
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ABSORPTION PATTERNS
IN THE DIFFERENTIAL ABSORPTION TEST FOR
INFECTIOUS MOMNONUCLEOSIS

By
Sruo } {RTANFN
Recenved 201 62

Infectious mononucleosis antibods ean be distinguished from the other
factaes which agglutinate sheep red cells by absorbing the serum with
guinen prg hidney emulsion and beef red cells The follow g ahsorption
formula 1s generally accepted (Table 1) (7 11 12 and 16)

TABLF 1
Aggtut n 03 for Shers Frythroeptes in Human Serwm (7 11 12 16)
P

Agglutination of sheep ery hrocytes

Tope of serum

Avorpet |
. »h rbe | w th
trabsorbet | oy feapg|  beelre fcetls
X dney
\ rmal —or 4 — unchanged
1afectin 1s mononucleosts + + =
Serum sichness + — Z

The results of absory tion howesver have not 1n all cases heen com
palible with the above formula According to I ethowttz (6) normal
serum gives the mdicated pattern m 95 98 per cent of cacne 1+ ~

. b ouliiccopnized eases of serum o spaca an wr

v & Jedsuus pne absorphion was incompl
e
mavery thurd person Only very rately dhd heef LAY plet

a1 aalt

2 vt ‘\ubalon al room temperature

L Alded 1 a grant from tie Rockefeller Foun lat on
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RESULTS
The whole material comprised 419 sera wath titres = 110 listed 1n
Table 3 Al these sera were absorbed both with guinea pig kudney and
with beef red cells The results of absorption are given n Table 4 A total
of 75 sera contaning infectious mononucleosis antibodies were found

TABLF 3
Tilre of Presumptue Test = 1/10

Sera

Number
Submitted for Paul Bunnell test 206
Healths blood donars 83
Adults submitted for routine Wassermann test 26
1 wpitalized children 104
T tal 119

n the matenal Al these sera behasved n typieal fashion, t e, the anti-
body was not absorbed with gumea pig kidney but disappeared on beef
red cell absorption The agglutmations of all of the other sera disap-
peared both with guinea mg hidney and with beef red-cell absorption
m absorption pattern supposedly typical of serum sichness

TABLE 4
Ihffecential gbsarption Test

Treated » thguinea | Treated with
p 2 Lidney beef red-cells

ot absorbed | Tota

ot num
~antbodyor] Ab- [ Nt ap | "Bep
1",;::::'::;:;“ sorted| A sorhed i

Sut mitted for Paal Bunnell lust 1] fET I

Heslthy Had donors 3 80 [ 22?1 2g§
Submitted f ¥ r utine W assermann test 1 250 2% 26
11 spitalized children 3 m 0 104 104
Il k£ k1) o 419 419

Smee 1t could be assumed that the aty pical result of ahsorption with
beel red cells might be atinbutable Gther to the red cell suspensson em-
plorved or 1o factors connected with ifs preparation fen sera with aggly
truns which were not of the infeehious mononucleosts type were ah
sothed with boted red eclls from ten cows (Table 3) Twehe sera \\::-re
:h\nl’i’:’d \\'ll‘h cnf:lc n.d cells from four cows (Table 6) The agglutinins

tdin all of the cases
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Barrett’s series of 300 healthy blood denors ineluded 1 1n whom th
sheep red celt agglutinins did not disappear with guinea-mg Xidney or
beef red cells (1) These cases, therefor¢, did not conform to the formula
at all Barrelt employed a technique 1in which the tubes were centnt
fuged at a speed betwcen 2,000 and 2,500 rpm for 5-10 min, and iclt
at roont temperature for 15 min , after winch the result was read

For many patients who had had scrum treatment Dempster (3)
found that the antibody whieh agglutinated sheep red cells &id not ds
appear completely through absorption with gumea-pig kdney or beel
red cefls Dempster’s series also meluded a case in which the patienl ws
not affected with mononucleosis and had heen given no serum treatment,
Set the antibody resisted absorption with both antigens Dempsters
results wire obtauned after overnight rcfrigeration

MATFRIALI AND MFTHOD

The material comprised 432 serum samples from patients with suspected snfections
mononucleosis submitted 1n 1960 61 to the Department of Medical Sherth «f ot
Unncersity of Turku for a Paul Bunndll test, 1n addstion there were 321 sers®
samples af healthy hlood donors 334 sera submirtted for a reutme Wasserman test
and 207 serum samples from children treatcd at the Childrens Chinse of Torks
[ninersify A number of the sera submitted for the Wasserman test derntd (o
grown up patients at Turhu Unisersity Ccontral Hospital the Dralance came {som
pregnant womcn attendg the different Matermits Welfare Staticns Nope of the
patwnts of the serics had reeerved serum treatment Details of the patents ate
&iven in Table 2

TABLY 2
Vaterial
Sera \umber
Sebmitted for Paul Bunnell test 12
Healthy blood donors 421
Adults submtted for routine Wasscrmann test 331
Hespttalized children 207
129t

Total

Both the presumptive test and the difforential abse rphion st wire pusformted as
pravt usly deseribed (18) The result was read after 2 hours of ncubaty 1oan
water bath at 37° € Al itres are indicated m the final dilution of sergm Yo eases
where the prosumptave test titre was = 1710 abscrption was performed wath both
gumea pig kidney and bedf red eddis

‘Ten serwse samples contatnmg shaep red ool agglutinms which had disappeared
«n guinea g hadeey absorption werc ahsorbod with beotlad red cdls Irom ten cows
The red cdl suspension was prepared in the tsual way Fenr of e cons ware
Avrehires (Ay brcd) av LA were of the West Finmish eountrs brecd (L Sk breed)
4 held nged to bload grup 4 and 6 to ab (8 9 and 10) The blcod group determination
for the cuns way performed In hatmolytic reaction accordg to Vustalatlio &

islabhe (8)

; 'f{)",m were sheort cd with fresh rod clls from 4 cows of which 3 were Avrshircs
ani 1 o€ the West Finnish countrs breed Twwo sere of bleod group a and Yhe ofher
twa of ab
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TABLE 8 er Assorpl
d Cell 4gglutimns of $1 Sers before and after Absosplion
Rheep Red Cell Aaatts Beef Red Cells

Thire after beet red-cell shnorptipn

Tt belorg storpion e ] wec
<110 110 B tio
1 5
m 7 1 '
120 3 3 - H Z
148 1 1 - !
Total u n ! 3 !

20 <era, which m the presumptne test agglutinated {o a refatisely
high fitre at 20° €, werc tested after absorphion at 37°C,20°Cand 4° C
Absorption was performed as usual for 20° € Guinea-pig kidney emul-
s1on removed all the agglubinins, wheraas beel red cells did not com-
pletels sbnosh the haem walutmuns actne at 20° Cond 4° C The agglu-
tination noted at 20° C and 4° € disappeared at 37° C

DISCLSSION

The absorption pattesn of the “normal sera tested diffess {rom the
formula usually guen n text hooks (5,7, 11,12 and 18) Since the de-
snition could be assumed attnibutable to the beef rcd-celly employed,
absorplion was performed with botled red cells from 10 cons of two
brecds and two blood groups, and again with fresh red cells from 4 -
ferent cows The result was constant  the agglutining were always ah-
sothed 1t 1s obrious that thsorption could not be exceplional, occurring
onlv with eortun beef red eclls, but was the result of the antigen gen-
erlls present in beef retd-cells

Why then had presious results suggested that the heterophl agglu-
1min in normal serum could not be abserbed with beef red colls? A
vosuble explanitian which wayld gccount for at Least syah Sesubis o
I sot are st etve at 20° € (17) Information on
the temper sture ringe of cold agglutimins s somewhat contradictory
Sctordmg 1o Aetlel t4) thes are sttl actine 1n some cees at 22° C h;:l
1w no longer Wine a1 29° € Acconing o Sherman (14) the cribical
pont1s 30 31 5° (, according to Strattor (15) 27-35° € The tempera.
\(urlq,rmgo of cold qggluhr;ms widens with the height of (heir titre (13)

ol agglytimns with kgl titres art °
At the himt at 2o € 3y shilactisc ot 20° € bt dappear

o auuns



TABIL 5
Absorplion with Bodled Red-Cells from 10 Recves

Absorbed by beef red cells

Numberot | Tytre before |

sora absneption Ay heeed | ISh i reet

v Jon [ ab [ w [Tan Jab Jan ]| a{a
1 120 3es Jes Yes des  ves jes des jes 3es jes
4 140 oo e woom e
3 1180 o e w "o » w o
1 11160 Wow m e m m e e e
1 1/320 oo wm P T
10

Over 50 per cent of the sera with low sheep red-cell agglutmn titre
at 37° C (= 1/5) agglutmated to a lugher titre at 20° C (Table 7) Thn
agglutination was resersible and disappeared after an hour of mcubation
al 37° C The factors mvolved were obviously cold agglutinins which
were still active at 20° C

TABIF 6
Absorplion wnth Crude Red Cells from § Beeves

/ Absorbed by beef rud cells
Number of ‘Titre beforg -
ser

absorption Ay hreed [ 1ok breed
o | a | w b
6 1710 ves ses e ses
3 120 .
1 110 N
2 1/30 . . . -
12

Eleven sera (not of the mfectious mononucleoss type) were absorhed
with beef red cells and subscquently tested at both 37° C and 4° € Ab-
sorption removed the agglubinins actrve at 37° C but not those actise ab
4° C (Table 8) Beef red cells, thercfore, did not remove the cold agglu-
tinmns present m serum, but they were absorbed by guinea-pig hudney
emulsion

TABIE 7
Sheep Red Coll Agqlutimins of 133 Sera at 37° C and 20° (

Titec ut 20°¢ !

o c _ Total
Titre nt 37 15 1o 1 110 120 140 180 1160
" 12 22 0 13 3 1 0 121
< ! ; H o 2 e 3 0 1 12

12 22 42 19 6 1 1 131
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TABLE 8

ter Absorplion
d Cell Agglutinins of 11 Sera before and afl
Sheep Re o with Beef Red-Cells

| Ttre alter beet yed<ell ubsorption
S e
-y
S aw (w1
1 5
1p 1 1 1
126 3 3 - 1 :
140 1 1 -
Totat n 1t 1 3 7

20 sera, which n the presumptnve test aggintinated to 2 relatinely
Tugh bire a1 20° €, were tested after absorption at 37° C, ‘.!0°.C and 4° C
Absorplion was performed as usual for 20° C Guwea-prg hidney emul-
stont removed all the agglutinins, whereas beef red cefls did not com-
pletely absorb the haemagglutinins active at 20° C and 4° C The agglu-
tination noted at 20° C and 4° C disappeared at 37° C

DISCUSSION

The absorption pattern of the “normal” sera tested differs from the
formula usually given m text-hooks (5,7,11,12 and 16) Since the de-
viation eould be assumed aftnbutable o the beef red cells employed,
alnorptien was performed with pouded red-cells from 10 cows of two
breeds and two blood groups, and again with fresh red cells from 4 dif-
ferent cons The result was comstant the agglutinins Were afways ab-
sorbed 1t 1s obvious that absorption could not he excephional, occurning
only with certan heef red-cells, but was the result of the antigen gen-
erally present i beef red cells

Why, then, had presous results suggested that the heterophal agglu-
i i normal serum could not he abserbed with beef red-cells? A
possthle cxplanation, which would account for at 1.

w . [

NarAA) ba malt

east such results a<

i
. mes sanpe vl LU OESIUDINS 18 Satew hat contradictory
According to Ketfel 14), they are still actine 1n some cases at 22° ¢ but
are no longer active at 27° C According to Sherman {14) the critical
pomt 15 30 31 5° €, according lo Stration (15), 27-35° C The tempera-
|(:xrlc’rang,z- of cold ag:zluhmm widens with the height of thewr titre (13)
Colld aggluliaans wtly tugh ditres ar ¢ at 20°
o ;lx“c‘l e “3;:‘ are stiil active at 20° C buy disappear

o~

‘\
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TABLF 9
Sheep Red Cell Sgglufinins of 20 Sera at 37°€C 20°C and 3°€

Tutre of presi Titre after absorption tre after absarptu
Serum presumplive test | e Pis M e an
3o [ 20°¢ ’ 1#C 3e°c ! 20°C ’ £ 3 c | 20°( ¢
1 15 120 1710 . - - . 120
2 15 1420 1/20 - ~ - H}g 120
3 Y10 180 1/60 - - Mo 140
4 15 1110 1/10 - - ~ - 110
5 15 1j20 1/20 - - ~ me 4w
[ 15 1/20 1440 - - ~ - 120
7 15 120 1720 - - ~ - - no
8 15 140 1/160 - - ~ - y20 180
9 15 140 1740 - - - - - 1120
10 175 1/80 1/80 - - - - - 110
1 1o 1720 1/20 - - - - - 1120
12 1718 140 1140 - ~ - - 110
13 710 110 1/80 - - - - - 1o
14 710 1710 1/40 ~ - - 120 120
15 1420 1720 1/80 - - - yio 10
16 120 140 1/80 - - - 1/20 1730
17 1720 1/80 1/80 - - - ~ 110
18 1720 140 /160 - - - 1o 10
19 120 1/80 1/320 - - - - 1720 140
- ~ 1ne

As 15 evident from Table 7, cold agglutinins shill active at 20° C were
found 1n about half the sera with a low titre at 37° C Cold agglutimins
active at 4° C were not absorbed by beef red cells (Table 8) but wer®
absorbed by guinca-pig hidney Table 9 shows that the absorphion with
beef red cells of ngglutimns active at 20° C and 4° C was mcomplett,
while the agglutinims active at 37° C were totally absorbed by beef red
cells (Tables 4,5 and 9) It 1s evident, therefore, that the ahsorption
pattern of a “normal” serum shown 1n Table 1 (no absorption with beef
red cells or incomplete absorption (2)) is valid for determinations per
formed at refrigerator temperature or at room temperature, and de-
pends on the cold agglutinins in the serum The anti-sheep red-cell 28+
glubimins of “normal” serum, actine at 37° C, arc totally ahsorbed b+
beef red cells With the technique employed by the present writer, the

1ABLF 10
Agglutinins for Sheep Frythrocytes tn Human Secum

Ahaluhination of sheep crythrocy les

Type of serum . - ( Absorbed Abrorhed
nat sort ed o with beel
ainet P8 redcells

Normal —or+ -~ _
Infihous mononucleasis + n -
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action of cold agglutins is ehmunated by performing n;.'glui.mnhon
only at37° €, and by reading the result wnmedsately after agglutination
As regards the technique 1 which the result of the absorption 15 read
after a 2-hour incubation at 37° €, an absorplion patiern s shown at
Table 10

Since serum therapy 1s seidom apphied to-day, the preseni matenal
unfortunately contains no case of serum therapy ‘Therefore, the anti-
bodv absorplion pattern 1 serum sickness cannot be commented on

SULMMARY

1,294 Paul Bunn¢ll tests were performed after a 2-hour incubation
at 37°C A dufferential absorplion test was performed jn 419 cases
which the presumptive test had given a titre = 110 A typreal infectious
mononueleosis antibody was found 1n 75 cases, 1n the remaining cases
the antibody was absorbed both with guinea-pig hidney and wath beef
red cells An absorption performed n the nsual way suth beef red cells
removed from “normal” serum completely the sheep red-cell agglutinms
actne at 37° C, 7 y the cold actie at 20° C, but
not those actne at 4° C The following absorption pattern 1s suggested
for sheep Ted-cell agglutimin in “normal * serum  ahsorption both with
guinea mg hadney and with heel red-cells
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TABLE 9
Sheep Red-Cell Agglutimins of 20 Sera at 37° G, 20°Cand §°C

Tilre after absorphion

Tilre after absorption
with beef red-cells

Tatre of presumplive fest A N

Serum

20 ) 1o d } 20° ¢ J 20 , 3‘°(" 20°¢ ’ £C

! 140 - - - - vie 1m0
; 1720 - - - - 1710 1720
M 1/80 - - - - 1440 1140
4 110 - - - - - 1§10
h 1720 - - - - 110 10
3 140 - - - - 1120
7 1/20 - - - - - 11
8 1/160 - - - -~ 1720 1150
a9 1140 - - - - - 1720
10 1/80 - - - - 710
n 1/20 - - - - - 120
12 1/40 - - - - 1o
13 /80 - - - - - e
14 1740 - - - - 1720 1720
15 180 - - - 1110 1/20
16 1/80 - - - - 1720 140
17 1/80 - - - - - 1728
18 120 140 1160 - - - - 1710 140
19 120 180 17320 - - - - 120 Y
- - - 1720

20 1/10 1/160 1/160

As s evident from Table 7, cold agglutimins still active at 20° C were
found 1n about half the sera with a low titre at 37° C Cold agglutms
active at 4° € were not absorbed by beef red cells (Table 8) but werc
absorbed by guinca-pig hadney Table 9 shows that the absorption with
beef red cells of agglutinns active at 20° € and 4° C was mcomplele,
winle the agglutinns active at 37° € were totally absorbed by beef red
cells (Tables 4,5 and 9) It 15 evidunt, therefore, that the absorphion
pattern of a “normal” serum shown in Table 1 (no absorption with heef
red celly or incomplete absorption (2)) s valwd for determinations per-
formed at refrigerator temperature or al room temperature, and de-
pends on the cold agglutinims in the serum The anti-sheep red-cefi ag-
glutinins of “normal” scrum, actine at 37° C, are totally absorbed by
heef red cells With the technique employed by the present wniter, the

TABUT 10
Agglutinins for Sheep Frithracytes wn Human Serum

\ndlutination of sheep  rihracy tes

! <
Type of serum bed \hv\‘;lrlll,ﬂl \l-‘,o:hﬂ:
Unalsarbed with L eel
] Rulnes ik ved cells
\armal ——or+ N
Infectious mononucleasis + +
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YCOI OGICAL SFUTION DEPARTMENT OF RACTERIQLOGY, th;{!;cu.
DEPARTMFNT OF FPIDEMIOLOGY OF THF VATIOMAL BACTFRIOLOG
1 ABORATORY STOCKIOLM SW FDFY

A CONTRIBUTION TO THE STUDY ON THE
OCCURRENCE OF ADIASPIROMYCOSIS {HAPLOMYCOSIS)
IN RODENTS IN SWEDEN

By

Herri Pavoroh and Bo ZeTTrRerRG
Recened 18 u 62

Adasprremgcosts 15 the name given by Emmons & Jelluson 1n 1960
£7) to a new fype of pulmonary mycotie discase, caused by Emmeonsua,
and o far found only 1 rodents and other smaller wild animals, such
as mink, weasel, beaver, olter, ete

The term Adtasprremyconts umphies that there 1s no multiplication or
Aissemunation of the fungus beyond its onginal site of implaniation
The fungal conidia simply grow in size 1w the wnaded lungs, giang
nse to thich-walled round sphacrules or adiaspores, the volume of
which may hecome 1,000,000 times that of the comidium inhaled When
present i very large numbers, the adiaspores may reduce effective lung
hissue by mechanical displacement There 15, on the whole, muinimal
host tissue response only duning the early stages of growth Howenver,
chronic granulomatous Jesions of the lungs caused by the sphaerules
have been observed in an otter (17)

The disease was first observed by Emmons & Ashburn 1n 1942 (6)
n todents {rom Anizona, USA T 1y the authors gned the
fungus to Haplosporangium The causaline agent was named Haplo-
sporangium parvum, and for the lung condition the term Haplomycosts
wis proposed Howeser, in 1959 (iferrt & Vontemarhint (3) changed
the name of the fungus to Emmonsia parva, and as mentioned above,
1 1960 Emmons & Jellison (7) proposed that the pathologse condition
should be termed Adiasprromycosts

Emmons & Jellison (7) assumed, that there are at least tno speeies

of Fmmonsta which cause Vdwsspirromycosis, Emmonsta parva, an un1-
nucleate, and E crescens, a 4 . Mielthng adiasy of 14 to

60 versus 200 to 480y, with a wall of 24 versus 10 to 0,

The typ culture of £ crescens onginates from a rodent, 2 water
sole, iroicola terrestrts captured at Hamar, Norway, 1n 1959 The two
Speests appear abso 1o be separated geographicalls According to Em-
mons & Jetlison (7), E parva has been yolated only wn the and south
west of the USA One collcction, howeser, without culture, from Africa,

5 actarars %6 o 6
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Sweden, as listed 1n Table 1 The names of the nnmlml; m lhcll\:lb;;’;:\'m
gnven in accordance with the taxonomy of mammals by van
£23) o

TABL .
Rodents Fxamined for Adiaspizompeosis i Central Sweden during June October 1960

Place of capture

e

Uskaboda | yianboda | Burgnik
Vastman ‘L;pl:ml Gotland Total
land county county
Hodenls exammed caunty

|

ig |53 iz £
28 EE 2% ]
22 |7E FZ ZE
Wus muscufus House mouse " i~ 6 - 17 - 27 -
ylpaemus { 3podemus) flancollis
Yellow nevked Gield mowse 15 - EUI} - 61 4

Sylugemus { Apodemus) sylvaticus
Longtaled field mouse

2

RN
Nanns
Vot

-

2
F) e

s

The collection of animals was undertahen by one of us (Zetterberg)
In conpection with an investigation concerming the occurrence of RSSE
(Russian Spring Summer kocephalitis) virus i ammals an Sweden
After preparmg the part of the material for the virus investigation,
the lungs of the trapped ammals were preserved 1 70 per cent alcohol,
and sent to the laboratory for examination for the occurrence of fung
For the collection of the material and the identification of the ammals
we are indebted to W Berg, Conservator at the Museum of Natural Hi-
~tory Stockholm, and Docent B Lundholm, Stockholm Further, we
are indebted to ¥ R Lundh, Health Inspector, National Bacteriologieal
Iaborory, for the technical arrangements

After an exposure for 24 hours 1n the laboratery to 2 per cent Na-
Wydroude aqueous solution, the lungs were examined for the oceur-
rence of adiaspores Attempts to cultinvate the adiaspores found were not
suceensfal

A5 shown i Table 1, the mfection was found in the lungs of 6 out
of the 182 anumals examined In 4 yellow neched ficld muce, Sylvaenus
fApodemus) flavicollis, onc longtailed field mouse, Sylvaemus (4 po-
demuy) aptoaticus, and one bank vole, tlethrionomys glareolus Fach

(II:Ille nfected specimens contamed one to six adiaspores varying from
23010 395p 0 s1ze (Fig 1) Although no growth of the fungus had been
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Kenya near Nairobr (13), may also be E parva (7), I c1escens, on the
other hand, has been reported not only from the northern part of the
USA (8, 10) and Canada (1,2, 4, 5) but also from Leuador, South Ame-
rica (15} Further 1t has been encountered in Korea (11), and Japan
(13) Nevertheless most of the observations on the occurrence of £
erescens have heen made n Europe: in England (19, 22), Swuden
(12,17), Norway (18), Finland (16), Germany (21), France (14) and
Yugoslavia (13)

There 18 & report by Caferrt (3) on the 1solation of Emmonsia from
soil in Italy  The correctness of the wdenfification of fhe fungus n an
carlier report on its 1solation from the soil in Missourt, USA, by Menges
& Habermann (20), 1t doubted by Emmons & Jellison (7)

Concermng the occurrence of the fungus m Sweden, Jellison (12),
1 1956 found I creseens m one of 31 wood mice, Apodemus flavicollts,
eollected near Gullgruna m Gavleborg county hotween 1954, and Mareh
1933, and shipped to the USA for exatmmation In April 1939, and partly
Iebruary 1860, Jellison, Vinson & Borg (17) found five infected am-
mals among 115 freshly trapped ones and 48 museum spceimens m
Sweden 2 wood mice, Apodenuts spp, 1 vole, Microtus, 1 shrew, Neo-
mys fodiens, and 1 otter, Lulra lutra One positive muscum species had
been collected as tong ago as in 1845 Maost of the ammals came from
the vicinity of Stockholm, situated in central Sweden, but a few were
from other areas lymg m the most opposite directions from cach other,
such as Luleg in the extreme north-, and Lund in the extreme south
of the country The otler was found dead m the viemty of Rattuik
Kopparberg county, wst-central Sweden, in February 1960

In another part of Seandinasia, p2z 10 ecast-central Norway, m March
1959, during the examination of 562 fresh specimens of mammals,
mamly rodents, Jellison, Vinson & Holager (18), observed the imfection
1n 4 voles, Microtus, and one water vole, Arptcola terrestrts In Finland,
tn April and May 1959, Jdlison, Helnunen & Vinson (16) found 1¢ m-
fected antmals among 49 fresh-, and 103 museum specunens  one volt,
Vi rotus agrestss, 2 mushrats, Ondatra zibe thica, 7 water rots, Arpeole
terrestris

Emmonsta has not been recogmzed as o human pathogen Neverthe-
1(ss, beeause of the occurrence of Adtaspiromycosts m locahities withm
epdennie areas of “Nephropatia eprdenuca” a disease of man of un-
hnown ehiology, Jellison, Vinson & Holager (18) suggested, that Lm-
monsia may be the chiological agent of “Nephropalta eptdenica™

Scandmasian countrics Howeser, no daoscr evidenee . support of

this suggestton has yet been deliverad

OWSN INVFSTIGATIONS

The present investigation consists of an examination of the lungs of
182 smaller rodents, captured n the cenlral and castern part of central
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Fig 1
Adiaspore of 395 & size

achieved, the adiispores, on account of their s1ze, were wsumed to
belong to the speeies Emmonsia creseens

SUMMARY

An exammnation of the lungs of 182 smller rodents, captured during
June to October 1960 1in the eentral and castern part of ecntral Swedan
ravelad the presence of adiaspores m 6 of the specimens 4 vellow
ncehed field mice, Sylvaemus (Apodemas) flamcollts, one longtmled
ficld mouse, Sylvaemus (Apodemus) syloattcus and oune bk vole
(lethrionomys glareolus Because of the size of the adiwspores cncoun
terad, 250 to 395, the ehwsatinve fungus was wsumed to he Nmmonsia
crescens
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PRODUCTION OF HYALURONIC ACID BY A STRAIN
OF STREPTOCOCCUS ZYMOGENES

By

$ D Hesrigsis and P IX Jonig
Recened 81162

Production of hyaluronse acid by str¢ptococer belonging to Lance
freld’s groups & and C 1s well known, but we have heen unable to find
any reeord of production of this polysaccharide by strans belonging
to the enterococer Such a stram was recently solated from a sampie
of urine

The patient was a hoy of 15 who had undergone a plastic operalion
on the left ureter for nephrolithiasis and hydronephrosis After the
operation he had for vome fime been treated for urinary nfection with
stlphonamides and nitrofurantomn The sample of urine on direct n
croscopy Was found to contain numerous granulocytes and grampost
tne aval cocel in short chams Cultures on blood agar by the method of
Hoeprich (3) siclded growth of more than 10+ colones pr ml of the
straip desenbed m the following

DI SCRIPTION OF «TRAIN

Microscopy Round grampositive cocer in pawrs and short chauns
Stamed by the method of Batt ¢t al (1) the organisms wire found to
be surrounded by capsular spaces of varable size, but mosily rather
narrow

Culture Blood agar colonies (Figs 1 and 2) were stronpgly mucowd,
confluent and amacheid, and surrounded by wide zones of g-hacmolvas
The cultures were very hike cultures of the mucoid form of Str psogenes
Growth was s1gorous on all the usual media Broth cultures vwere evendy
turbid and contamed short chains of nonmotife cocer

Brochemical reactions Acid was produced from glucose, mannitol,
maltose, saceharose, salicin and trehalose, from sorbital withun 48
hours and from lictose after 5 dwvs Inuhin and raffinose were not
formented, and gelabin was not hquehed In glucose peplone watr
after 4 dags at 30° C a questionable reiction for acetoin (funt pink
color) was obtamed by Barriil s method

Resistance The stramn gress well on 40 per eont bile blood agr, m
65 per cent NaCl i broth and on McLeod s teltuntte medwm It sur-
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Fig 1 Fig 2
Blond agar eulture, X 6 Blood agar culture X 10

o teer® sy’

kw3
Effuct of staphslococeal hyalurd Rudase The streptococeal hyvalurome acid as depoly
merised nevt Lo the staphs lncoceys streak

sived heating 1o 36°C for 1 hour The terminal pH an glucose broth
alter $ davs was 39 18 was resistant to pemeeallin: Detection of hyaluro-
nic ackd W hen hyaluromid wse-producing staphylococer and the stramn
Wwore cross-streahed on blood agar, the growth was rendered non-

mucetd for a distwee of aboul 053-13 em from the staphylococcus
streak (kg B
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Serology  Several attempts were made to determine the serologed
group of the strain, but it fatled to react with the sera of groups A
through O

Haemolysin In spile of the very strong hacmolysts on blood agir
a soluble haemolysin could not he detected tn 18 h cultures in ordinar
broth or it 20 per cent rablut serum broth

Classiftcation The stram behaved as Streplococcus zy modenes m all
respects, except that s was mucoid and failed to react with group D
nmmune serum

PRIPARATION AND ANATIYSIS OF THF CAPSUILAR
POLYSACCHARIDF

Five 1 of a 24 h culture 1n broth contatming 0 15 per cent ghicose, to
which 1 per eent phenol had heen added, were centrifuged 1n the cold,
filtered through a Berhefeld filter and coneentrated to about 1110 vo
lume by vacuum distillation The polysaccharide was 1solated and pun
fied by the method of Kendall, Hetdetherger & Dawson (4) The 31dd
was 0 4569 g The product was a pure white substance which gme elear,
highly viseous solutions in water

Analytical data (figures from presious analyses of hyaluronic acid
are shown 1n parantheses) N 426 per cent (3 38) P 048 per cent
(0) Accty] 94 per cent (95-11) ()30 —70° (—47° to—78°)

A solutton of the substance produced a precipitation of horse serum
by the method doseribed in (7)

A hovine testicular extract prepired as described in (5) caused a
reduction of the viscosity of a <olution nearly lo that of the solvenl

Chromalography A sample of the polysaccharide was hydrolysed
with 3 N Hz80, at 100° C for 6 h, neutralized with BaCOs, and chromato
graphy was carried out on the supernate The following solvent systems
were used pyridin (dhyl acetatc  water (2 5 5) and pyridin - cthy!
acetate  aceticacid  water (3 5 1 3) The chromatograms were staned
with amiline oxalate and with ninhydrin A s imple of commerenal hya-
luromie acid was uscd as a control

In the chromatogram which was stancd with minhydrin, the fwo pre-
parations showed corresponding spots one distinet spot, apparently re
presenting glucosumine, and several addittonal spots, one of which
Jhowed the same mottity s galactosamine, whereas the others wire
less motile These additional spots may represent products of incom
plcte hydroly=1s or of destruction during hydrolysis The mun potnt
secms to be the practically identical chromatograms of our polysic-
charide and the standrd

In the chromatograms stained with anihine oxalate hoth prepar rhons
showed a distinct spot correspending to glucuronic acid, a secorud spot

with the same locition as a galacturonie acud standard, and a weak
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glucose spot The streptococcus polysaccharide 1 addition showed a
sery strong spot corresponding to galactase 1n hoth solvent systems
and a famnt s) ot which appeared to be fucose Thus the streptococcus
jolysacchanide contamned two monesaccharides 1n addition to those
contamned n the hyaturone acid standard In view of the other results
whtch were of taned the most likel explanation seems to be that the
strep tococcus produet was a mixture of hyalurome acid and another
(olysacchande

An attempt was made to demonstrate the monesaccharide compo
nents of hvaluronic atid after enzymatic hydrolssis according to the
method of Meyer Iinker & Rapport (o) but although the enzyme pre
piration caused a marhed reduction of viscosits we failed to demon
strate ansy brecak down products in a dialssate possihlv because too
smatl quantities of polysacchande were left for the test

DISCUSSION

The results ndicate that the stran produces a hvaluronie acid
cipsule The chromatograms suggest that the polysacchande 1solated
from a hroth culture may have heen contarminated with a second pols
sicchanide contaiming galactose and fucese netther of which sugars
w | resent in hyaluronie acid

In their {aper on the dissociation of haemohvhic streptococer Dawson
Helby & Olmslead (2) describe an I form of Str faceahs The deserip-
tion ard the jhotograg hs of thes Al form suggest that it differs from

ur strain Apparently it was not nearly as strongly mucord as our
NMrun nor was anv evidence presented that the capsule consisted of
hvaluronic acid 1t scems that the \ form described by Dawson et af
carresj onds to the usual colony type of Str faceahs

In Wis extensive studies on enterococer Skadhauge (8 9) found that
seme struns of Strfaccium had small capsules consisting of serolo-
wie Ay active tyge specific eapsular antigens In Str faccahs he demon
stratud 1 special surface antigen designated the h antigen but he did
not eacounter mucowd nor encapsulated strains

Nyman (6) searched for encapsulated strains of enlerococer but did
not find iy He reexanuned one of Dawson s steawns wathout bemg ahle
e demonstrate capsules

We hane fuled o ind any reference to the jsolation of enlerococet
f reducing hyvaluronic acid in the Literature of recent vears
. r\I\hou;:,h our strain dud not gue anv reaction with the grouying

2 wonlatle (sera of commercial ort 1l o fast ot 1
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Serology  Scveral attempts were made to deternune the serologieal
group of the stran, but 1t failed o react with the sera of groups 4
through O

Haemolysin In spite of the very strong haemolysis on blood g
a soluble haemolysin could not be deteeted m 18 | cultures 1n ordmars
broth or in 20 per cent rabbit serum hroth

Classtfication The strain behaved as Streptococeus zymogenes m all
respects, except that 1s was mucord and failcd to react with group D
mmune serum

PRIPARATION AND ANALYSIS OF THE CAPSULAR
POIYSACCHARIDE

Frie lof a 24k culture in broth contuming 0 15 per cent glucose, to
which I per cent phenol had heen added, were centnfuged in the cold
fiftered through a Berhefeld filter and concentrated to about 1710 vo
lume by vacuum distillation The polysaceh iride was 1solated and pun
fied by the method of Kendall, Hewdelherger & Dawson (4) The yeld
was 0459 g The product was a pure white substance which gave clear,
highly viscous solutions in water

Analytical data (figures from previous analyses of hyaluronic acid
are shown 1n parantheses). N. 426 per cent (3-38) P 048 per cent
(0) Acetyl 94 per cont (95-11) (“)‘_;)0 —70° (~—47° to—78°)

A solution of the substanee produced 1 precipitation of horse serum
by the mcthod described mn (7)

A bovmne testicular extract prepared as described mn (5) caused 4
reduction of the viscosity of a solution nearly to that of the solvent

Chromalography A sample of the polysaccharide was hydrolysed
with 3N HeS80; at 100° C for 6 h, neutrahized with BaCOs, and chromato
graphy was earried out on the supernate The followng solvent sy stems
were used pyridin — cthyl acctate  water (2 5 5) and pynidin ~ cthy!
acctite aceticaeid water (5 5 1 3) The chromatogruns were sl uned
with amime oxalate and with mnhydrin A sample of commereil hy @
luronic acid was uscd as a control

In the chrom Mogr um which was st uned with ninhydrm the two pre-
prations showed corresponding spots ond distinet spot, apprently re-
presenting glucosamine, and scieral additional spots, one of winch
whowed the same motility as grlactosiming, whereas the others were
less motile These additional spots may rcpresent products of incom
plete hydrolysis or of destruction durmg hydrolysts The mam point
secems to b the practically wdentical chromatograms of our polysac-
charide and the standard

In the chromatograms stamed with aniling oxalite both preparations
showed a distinet spot corresponding to glucureme acid, a sceond spot
with the same location s a galcturonic acid stndird, ind 2 weah
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IN VITRO PRODUCTION OF ANTIBODIFS BY
THORACIC DUCT LYMPHOCYTES

By
Hans HapLavorr and Das Dasieissos
Recerved 16 11167

Tt has been clear for a long time that the Ivmphatic cell syvstem 1s of
great importance m antibody production

W hen comy aring the efferent and afferent vessels of the Ivmph nodes
druning i antigen stimulated area Fhrich & Harris (1942) found
that the efferent ves<els contained a hugher antihods titre As has heen
demonstrated repeatedls eells from Jymph nodes and spleens of 1mm
mumzed anumals produce antthodies when grown in tissue cultures
(Fayracus 1948 Thorbeche & Renning 1923 Stavtisky 1925 and several
cthery) or when transferred into non immunized amimals (Harrns
Harris & Farber 1904 Harns & Harns 19234 W eigle & Dixon 1909
Nossal 1960 and several others)

Most authors now agree that the cells mvolved 1 antibody produc
tion are of several tv)es namely plasma cells (Fagracus 1948) lym
pheestes (Wesslen 19521) and peritoncal exudate cells (Stevens &
Vechenna 1960}

However astudy of this | roblem shows that only a few mestigators
/Wesslen 1921 b Holub 1958 1960) have used the relatively uniform
Luy hoevte suspension which can he obtawmed from the thoracic duct
In the work presentad here the ahnlity of thesc cclls to produce anfr
bodies m vitra has been elovely studied and antibothes have been de
monstrated by means of diffcrent ymmunological techniques (agglu

tmabon hemagsinbimabion bacteral dhesion and fluorescent ants
hods fechni jucs)

MATFRIAIS AND MFTHODS
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SUMMARY

A mucoid stram of Streptococcus zymogenes, producing hyaluronie
acid, was 1solited from the urme of a patient suffering from mfeclion
of the urinary tract
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ded to a
8 per cent) After centrifuging and washing the sediment Was resuspen:

u,l;nme ‘of 37 Ml with salime contamng %2 per ceny nurmal rablut seruta (Scherbel
1960)

Productron of Anhisera and Conjugation with Fluorescent Substance*

2) Rahbit antisera speeific to Fsch ¢oli 0127 B and 0128 B 12 were obtained by
the procedure Yaid down by Fdwards & Fwing (1857) The O agglutmation titre was
ahout 172560 and the B sgglutiin titre 1/124 The globulin fraction was precipitated

orange tluorescence

1) Diphthera antitotin was obtamed by myecting rabbits with alum preeipitated
diphtheria toxoid as follows A total dose of 150 Lf was given once a month during
a period of 3 months OF this dose 130 Lf was admymistered in sesveral doses mtra-

ol alaE Ut taw sown BY figge ef of (1$38) The wnconjugated substances
were removed by passing the tera through a column packed with Sephadex G-25
{Pharmacia) and finally the comjugates were adsorbed fnice with mouse hiver-
powder according to Coans (1928)

Preparation and Staining of Stides
#) Staintng of antigen  The smears were air dried and fived with methanol for 15

minutes One drop of conjugaled gammaglobulin specific to the bacteria used was
placed on each smear which was left in a8 moist chamber at ronm samnas 4 .

wore T . = 2 asmed ouce more and mounted as
Flonrases - e .
L] " b :
! .- e wnn
RESTLTS

1 Anlibodies against Cellular Anfigen+ \When

tuned from rabbils inmumzed with Esch coly l)l‘.'h; llx!;,::((;cu) eraten
on the <econd day after the tast mjection had been 1ncubah:dp”:"fd
ol up to 116 was obtained m the culture medim, see Fig 4 C‘l trol
of the Tast wshing flud gave na bitre at sl Lo Contral
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Lf/ml equivalent to 06-09 mg protein/ml was kindly pl
Scl‘llex?cl of (:c Dnnllsh State Serum Institute (‘upcnhaglc‘nawd * our disposal by Br
edimm complex amina acid-vitamin salt mixture having no
pc;'ll(-s was used (Parher 199 - American Public Health r\“oﬂ’;l:}ﬂ a;]sl.;%(;mc e
Immum.almn of Rabbuls before Collection of Cells from the Thoracte Duct

1) Immunization with Fsch coht 0127 B8 and 0128 B12 was carried out according lo
the procedure laid down by Fdwards & Ewing (1957) (2) Immumzation with the
alum precipitated diphtheria toxoid was produced i the followng was 85 11 was
guen n mulbiple injections intramuscularly 1 the hind legs and simultancously
15 Lf was injected intravenouslh In amimals to be studied for secondart response
the procedure was repeated after 4 weehs (Stavitshy 1954}

Collectian of Lymph (W essten 1942 h)

The rabbits were devided anto two groups Those belanging to the first group were
nvestigated on the 3rd to 10th davs during primary response, those 1n the second
an the 1st to 8th davs during secondary response

The amimals Were anaesthetized with nembutal (Abbot) the haie of the site of
operation was remaosed by bariem sulphide, and the shin localls anacsthetised with
x3locain 05 per cont + porexadrin (Astra) An incision was made aboie the junction
of the subelavian and jugular vewns on the left side, the muscles remaned by din
thermy, and the thoracie duct freed and punctured The Ivmph was now drawn mio
a heparimized svringe Thercupon the amimals were killed

Preparation of Lymphoeyte Suspension

The 1ymph so collected Was centrifuged at 1500 rpm and the sediment washed
3 times tn Parher’s solution The lymph and supernatant fluids from the washimgs
were withheld for antibody determimations The cells were counted and the numher
of viable cells estimated Iy a viability test as described helow AH Ivmph specsmens
were tested for stcrility and samples showng hacterral growth were discarded

Viability Test (Schrek) 02 ml suspension of ymphochtes was mised with 38 ml
of Tirode s salution to which eosin had been added at a concentration of 1/1000
The number of unstained cells was determined i a Burker counting chamber

Cell Culture (1) The suspensions of washed 1smphocstes obtained from rabbits
immumzed ntravenously with Esch coli 0127 B8 wert resuspended m Parhers
solution and vielded a count of 40 000 60000 3 medium The susp was
devided mto three parts The first was cultured m roller 1ubes (2 ml per tube) at
37° G and subsequently the O agzglutination titres were ditermined in certagn cases
after @ 1n others after 17 hours incubation

Another part of the hrophoeste suspension was mixed with Fach cak G127 BS
A~ a control a sumilar portion Was incubated with Fsch coli 0128 B12 which 15
antigenically different from Isch coli 0127 B8 A bactemal density of 15 20 hact/
Ivmphocite was used The mrstures were ncubated at 37°C wn voller tubes or
L glasses as modified by Retss Mertens & Ehrich (1950) Smears wcre made after 60
and 100 munutes and stamned with flusrescent antibodies s described below The
number of organisms adhering to the lymphocvtes was casily observed with the
fluorescence microscope

(2) Washed Iymphocytes from the thoracie duct of rablnts immumized with diph
theria toxoid were incubated 1n small tubes—one for cach sample  n the absnce
of antigen The samples were sublected to the following cxaminations  pl estima
tion connting of ¢l numbcr and estimation of the numbcr of viahle cells In the

viability test

Antibody Titrations
a) Che Fsch coll 0127 B8 antisera titrations were made using the agglutination
r

techn e aete € Frma (1957
b) '

techn
d to adsorb e ol au

use Iy deseribed was mixed with 26 ml of phes

fiphthersa toxoid of the tvpe provious!
phe 92 ml suspension of tannic acid treated shecn cells (about

phate buffer, pH 64 and
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When washed thoratie duc cells from rabbits immunized with Esch
ols 0127 B8 were mcubated with Lisch col 0127 B8 hactenial ad-
neston was found to occur around 2 majority of the cells, as seenm Fig 1
1sch coli 0128 B 12 were used as control bactertn and give qute 2
diffcrent preture (Tig 2) A quanbirine exammation was made and
the results shown 1n the table m Fig 3 Here the cells have been divded
mte groups according to the number of bacteria adhering to ecach
Ivmphocyte The number of cells in cach group 15 expressed as a per-
centage of 500 cells counted It 1s evident from the table that Esch eoh
0127 B 8 has a strong tendencey to adhere to thoracie duct lymphoey les
from the homologousty hypenmmunized rabbits A certamn unspeet
fiaity in this phenomenon, however, can be noted, as, to a certain ex-
tent Lsch cohi 0128 B 12, alse adhered to the lymphocstes of the rab-
bits immurized with Esch col 0127 B8

Macterta Iomotn,ous strain 0177 B3 | Heterologous stralu 0 128 B12
per cell —
0 mn 100 ™ 0 min 190 man
0 5 172 332 110 12
6 10 17 156 3 [
1 1 126 57 [ o
16 20 32 ° 0 0
Fig 3
A quantitative examuination of the bacterial athes an nhan o -
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Fig 1
Washed thoracic duct cclls from rabhits immumized with Esch coli 0127 B8 incu
bated with Fsch col1 0127 B8 The bacteria have a strong tendency to adhere to the
Tsmphocs tes

L)

kL

kg 2
§ ashed thoracie duct cddls from rabbuts smmunmized with Isch el 0127
Canm;ls s‘l:c‘:‘lfnleld with I sch coli B128 12 The cells are free fr m bacteria
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secondary response, While no antibody titres were obtained after opera-
tions on the 3rd, 5ih, 7th and 10th days duning primary response The
experiments during secondary response wefe repeated from days 1-5
and the same results were obtamned

In this second senes we were also mterested n the occurrence of
antibodies within the cells After mcubation the cells were centnfuged
and the supernatant fluid decanted The cells were then washed and

1ysed and fmally centrifuged at 3000 rpm for 30 minutes fo remove
the cell debris

omber of davs Antibodyformanon
after (tas)) iny
Prim resp Sec resp
1 —
2 +
3
H b
5 - -
] -
7 — -~
8 —
3
10

Fig &
Animals operated on various davs during primars and «
ccondary re
sign shows that thoracic duct cclls from the animals yn qlltsuony‘\:rsep:l'l\!!: [;fﬁlr‘:;
antibodies in pitro

Fig 7

Thoracie duct celle fram rabial
om pabbits immunized with

isothiocvanate Jabelled dif htheria ntutacio (ﬁf‘:{:}:&;.rl\.c:;:x”d 3 prested with
2t the top right eorner of the Picture ue) Positie celt

6 acToeraTn 36 1



2 Antibodies agmins! Soluble Antigen Wesslen (1932 2) showed
that thoracic duct [ymphocytes form antibodies during sceondan e
sponse In order to find the opttmum conditions for this antihody for-
matton we mvestigated some of the anmmals immunized with diph
thena toxord on the sceond and third days of secondary response The
washed thoracic duct Iymphocytes were meubated i small tubes as
desenibed earhier and the antibody-content of the centrifuged culture
medium was then estimatcd ‘The results shown m Tig 4 are from
rabbits investigated on the second day after the sceond njection

There was a rise m titre during the first 24 hours, m a fow eases
up to 1/640 Thercafter the titre remaincd stationary or occastonally
disappeared completely for some unknown reason About the sune
time the titres stopped rising the viability test showed 50-85 per cent
viable cells compared to about 95 per cent viable cells at the start of
the experiment The pH dropped from 75 to 69 In our attempls to
adjust the pH we faled to heep the titre rising

Control cxperiments with Iymphocey les from non-rmmumized apnls
were made simultancously and no titres were obtamed ‘The washings
gave no titres either

Riblut op on third dvy see reep

Incubtfonime 20000 60000 120000
hours cells cells cells

0 0 0 [

5 0 10 20

17 40 160 20

42 80 320 20

65 40 320 20

Fig 5
Antthods titres of the culture media i relation to the number of incubated cells

Tg b shows how the tritres vary with the number of ceibs menbied
With a lugh concentrition of eclls antibody titres were obtuncd 1%
e1rly as after 5 hours mcubation, upen which they rem uned stationars
whereas Tower cdll concentrations developad antibody titres at a sjowes
rate but they retuned their antibody-producing cipacity longer The
optunum number of cells scems to be about 60 000 cells/mm’, whaclh 1s
approxmmatddy the ccll coneentration i the thoracie duct

Ihe results obtamcd m the carher ¢xperiments were utiized for
another series aimed at mvestigating the time himmts for antibods
jormtion Some amimals were oper ed on varous davs durmg prim ars
rcsponse, othars on v trious days during secondary response The re-
sults are shown m g 6 Lymphocy tic antihody production was de-

monstrated on the 2nd, 3rd and 4th after the last mnjection durmg
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timum number of cells seems to be 60 000 cellsmm? the same con
centration as found m the thoracic duct which also agrees with Wess
len s results

During secondary response anttbody production could he demon
strated only on the 2nd 3rd and 4th d1ys while no antibody produc
tion at all was demonstrated during primary response This differs
from the results of 1 vitro experiments with spleen cells and I¥mph
node cells Fagraeus (1948) for example could demonstrate maximum
antibody productron on the 4th 5th day after re mjection and could
still demonstrate antibody production 1n samples taken en the 7th day
She also established antibody prod w samples taken during pre
mary response after wating for at least 3 davs after the injection
Vchenna & Stevens (1960) demaustrated antibedy production agamnst
bhovine gammaglobulin by  eritoncal ¢xudate cells during both primars
and secondary response In both cases the cells were callected on the
4th d after antigen injection Using the fluorescent anttbody techm
que W hate (1960) could show that during primary response antibodies
occurred only in plasma cells in the medulla of the regional Ivmph node
In lymphocites n the cortex antibedies were demonstrated only after
a sceond dosc of anligen had been gnen Our series of experiments had
its hmitations  Another way of tackhng the problems would be to
msert a draimng tube nto the thoracie duct of an animal and follow
through the immunmizabion period on the same animal

“The {a¢t that bactern hve a tendeney to aggregate 2round homolo
gously —— but
connecel 1920
Hages «

n was
thought to have some connection with antihody production as the bac

teria aggregated around plasma cells Besides the speafie agglutina
tion around lymphoestes Fsch coli of the type used in our experiments
has a tendenes to agprepate unspeeificalls around the lymphacytes

In s experiments W esslen could not demonstrate antibodies {rom
washed lysed lvmphocytes whieh had the ability to produce antibodres
In rabbits hnvg erimmumized wath evalbumn Fust (1908) couid extract
antiboties apunst oy ilbumin from plasma cells from the omentum
but not from thoracic duct cells treated i the s1me way The method
used W\ us made it difficult Lo estunzte the anbibody content within
the eells owing to an unspecific haemagglutiniting factor The titration

of supernatant eulture medium nescr gate anw s
uch unspecific haem:
glutintion " %

Csing the fluorcseent antil ody techmque we observed antibads

within some round cdls 1n smears from snspensions of culh\(lﬁl
Meracie duct eells The sme technique made o possible for n‘l‘lu
Authors to ohserve ntihodies in 1lasma eells spleen and | o
nodos teg €rons el al ) and i thoracie duct cells meubatc l‘ o
fusion clinmbier 1 the perttoncu 0 om

™ of 3 ribbit (lolub 1860) On the
L1

~N Tl
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The cells were lysed partly by means of the ultrasonic disintegrator
and partly using distilled water Howeser, this procedure, probably
released an unspecafically haemagglutinating factor from the cells, as
controls with lymphocytes from nommmumzed animals gave positise
titres These titres occurred regularly after Iysis with the ultrasome
disintegrator, but not so often after Iysis with distilled water Super-
natant fluids of lymphocyfes cultures from nonimmunized anmmals
gave no hires

For the follow-up cell smears were made from all of the experiments
and stamned by means of the fiuorescent antibody technique It was
our 1ntenston fo be able to demonstrate possible intracellular antibodies
with this method Unfortunately we could not prevent v certun degree
of unspecific fluorescence m the cells A few cells differed from the
others by hating an intensely fluorescent cytoplasm These cells were
relatively few, as seen m Fig 7 (See further under discussion)

DISCUSSION

As mentioned earlier most authors agree that more than one type of
cell 1s involved tn antibody production However, the intrinsic signifi-
cance of the morphologically different types of cells 1s not clear
Fagracus (1948) showed, that spleen cells from immumzed animals
could produce antibodies 1n cell culture She was succesful also m cor
relating a nise 1 antibody titre with the appearance of plasma cells
Wesslen {1932 a) showed that thoracic duct Iymphocytes from an am
mal immunized with $ typh1 H antigen produced antibodies agamst
this antigen n cell culture Since no antibodies could be demonstrated
1 the lysed cells he found that the Iymphocytes could produce anb-
bodies without themselves contamming any appreeinble amount Holub
(1960)  his experiments meubated normal Iymphacy tes together with
an antigen in a diffuston chamber intraperitoneally in 5 day old rabbits,
which themselses cannot produce antibodics, and demonstrated antibods
production

Y cKenna & Stevens (1960) cultured peritoneal exudate cells imun-
Is monocytes) from rabbits immumized with one or more wnjectons of
bovine gammaglobulin and found that these cells too hid antibody-
producing capacity

In the present study using diffcrent immunolegieal techmques, we
haxe been able to confirm Wesslen's results v1z that under certamn
caircumstances thoracic duct lymphocytes produce antibodies i vitro

Under our experimental conditions the cells ripidly Jost their vita-
Iits and no further rise m titre occurred after a few days’ mncubation
This could be due to the accumuirtion of acid waste products which
caused the drop mm pH Iarly termmation of antibody
oceurred when a large number of cells were mcubated,
ter accumulation of acid waste products The op

presumably
production also
which means a grea
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timum number of cells seems to be 60 000 cellsmms, the same con
centration as found i the theracic duet, shich also agrees with Wess
1én « results

During secondary response aniibody production could be demon-
straled only on the 2nd, 3rd and 4th dass, while no antibody produe-
tion 2t all was demonstrated during primary Tesponse This differs
rom the resulls of mn vitro experyments with spleen cells and lymph
node cells Fagraeus (1948) for example, could demonstrate maxumum
antshody production on the {th-5th day after re-injection and could
still demonstrate antibody production in samples taken on the 7th day
She also estabhished antibody production wn samples taken during pri-
mary response, after wuting for at least 3 days after the mjection
Vehenna & Stevens {1960) demonstrated antibody produchion aganst
boyine gammaglobulin by penitoneal exudalte cells during both primary
and secondary response In both cases the cells were collected on the
41h day after antigen mjection Usmng the fluorescent antibody techni-
que Whate (1960) could show that during primary response antihodies
accurced onts 1 plasina ceils it the medulla of the regional lymgph node
In Iymphecytes 1n the cortex, antihodies were demonstrated only after
A second dose of antigen had heen goven Our series of expeniments had
its imitations  Another way of tackling the problems would be to
msert a draming tube into the thoracc duct of an amimal and follow
through the immunization period on the same animal

“The fact that bacteria have 1 tendency o aggregate around h it
gousty mnmu- . but m
connection w b - 1930,
Hayes & Dou . . on was
thought to have some connection with antibody production as the bac
lern aggregated around plasma cells Besides the speerfic agglutinn-
tion around Ivmphocestes T sch coli of the type used m our experiments
has a tendency to aggregate unspeeifseally around the Iy mphocytes

h: h:s cxpermments Wesslen could not demonstrate anfrhndine Fonee

e vinuaem
sut not trom thoracic duct eells treated m the same way The method

used by us made it difhicult to esimate the ang
ihody content w
u;(- cells owing to an unspeaific haemagglutinating hcior The mr:::::::
of supernatant culture medium never gave
o saperny [5 ™ such unspecific hacnag
Lsing, the fluorescent antibods fech
nmique we
\\,nhm sonie round cells 1 smears Irm: suspcntl:(;:?(:; ZZ:;‘IOdth
thorieic duct cells The same techntque made it possible fe P
:n:‘xlhnn to observe antibadies s plasma cells 1n spleen ,‘; (?rj S imer
. des teyg Coons ef al) and ia thoracie duct cells yneub: A
usion chamber i the 1emtoney! fibated un 1 dif

m of 2 rabbut (Hofup 1960) On the
€
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basts of hus results Holub considered that Ivmphocytes could chinge
mio mtbody producing plsmi cells Ihis opnion 15 shared by olhers
(Ned & Divon 1959 Fichteltns 1960) and thus st wonld perhaps be wise
not to differcntiate oo sharply between Ivmphoes tes and plasma cells

4 cnubous interpretation of our data docs not conclustvely cstablish
that the antibodies are produced by the Ivmphocytes because of the
diificullies to estunate nlibods content of Ivsed cells With rgard
fo the sigmficant diffcrence of antibody contcnt of Ivmphocyte cul
tures from sceondary and primary response and from cultures of dif
ferent days during secondiry response 1t appears hlels however that
the wmbibodies are produced by the cells Thus the present study gines
some evidenec that the thoracic duct provides the blood with antibody
producing cells

It wns our intention from the beginning to trv to estmate how mans
of the lymphoevics entcring the blood strcam under cert un conditions
are antibody producers A numbcr of faclors complicated thus tast In
order {o utihze the alnhity of the bactera to ggregate round homolo
gously immumzad Iymphocytes the eells had to be incubated togeiher
with the antigen wlich increascd greg wion and thus made the results
difficult to rexd Aggpreditron mn also account for the lower pereent
e of positine cells obtaned after 2 long period of wcnbation When
sniears are meade it 18 difficult to gt the 1ggregations to spread cvenly
Morcoser the adheston phenomenon dots not stem to be qute speaific
These difficuitics do not arise with the use of soluble antigens but here
cxperiments made by Boyden & Sorkin (1960) hwe shown that non
whibody producing spleen cells ¢ be mfected Dy the exiret from
antibody producing cells and then specificlly adsorb the antigen Thos
mal ¢s the fluorcscent intibody tcchmique unsitable for 1 quantitatine
estimation of the number of antibods producing cells m the thoratie
duct A more switable techmque m this connection would probabis be
the single cell mcthod devised by Vossal (19)8)

SUMMARY

The capacity of thoracie duct hmphogy les to producc inhibothes has
been stucied m vitre The consentional 1gglutinition nd haemgglu
tiaation techmques were used to det rnune the optimum conditions for
antibody faumation by these eells Thuy the production of anhbothes
could be noted on the 2nd  3rd and Jth d s durmg secontdars response
Methods for 2 quuntitatine deternnination of the number of antibody
produemng thorere duct lymphocytes m 2 gnen situahion were ined
out (hacterial adhesion techmique fluorcseing antibody techmique) fhe
relition of thcse I ocvles to other anlibodsprodueng cells 35 s

cussed
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FROM STATF\S SERLMINSTITLT, COPENHAGFY, PANFLMOCOCCLS
DFPARTUENT

TYPE 18, A NEW PNEUMOCOCCUS TYPE

By
Ersa Lisp
Receved 24 in 62

The latest publication on serological classification of pneumococe:
12) gves the number of types as 80 In 1960 Kauffmann, Lund & Eddy
(1) presented a correlation between the Danish and the American no-
meneclature for the 80 types known at that time The following de-
seribes 2 new Pncumococcus type, which has been included 1n the
Dnush nomenclature as Type 48 Up to now this type has been 1s0-
lated only once in our laboratory and has not been deseribed by others

The new tvpe was 1solated as a pure culture from a pleural exudate
of a mate patient aged 48 years The strawr (No 378 G0) 1s morpho-
logieally a typical Pneumococcns, it 1s sensitine to optochin, and fer-
ments glucase, galactose, lactose, sucrase, mallose, muhin, sahicn and
«seulin wathin 24 hours, but does not ferment arabnose, xylose, dul-
aitol nesitol, sorhitol, monnitel or adomtol after fne days Type 48 15
sbightly virulent in the mouse test

With mine poolcd dizgnostic sera {3), mcluding all 80 types, the new
strun gave no capsular reaction (Neufeld reaction) A serum broth
culture of the strun wis exammed with unabsorbed antisera of the
80 rucogmzed Pneumococcus types and gave only a weak eapsular re-
wction wath Type 24 A This reaction was negatine when the serum was
dilutcd 1 2 The stran was not agglutinated by undiluted serum 24 A
A formol vaccine (3) of the strain was examined m the same way, and

here wek reactsons were found with three types 15 4, 19C and 28 A
The titers are given m Table 1

TARIF 1
Cross Reactt ns with Steatn anl Serum of Type 58

Croscteactions. lihae e
Type

Laprutar reactions 1 Az Jutination reactt n

Srain (Vaccine) i (h) 190 (4) 244 (16) 154(2) 19C (4) 244 (16)
Scrum (1 month)
Serum (8 months)

na reactions e
19€ (8 Y

The figarcs in brackets give the titers

a7
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A Pneumococeus group 24 rabbit serum (prepared by mmunization
for seven months with ty pes 24, 24 A and 24 B) showed a capsular titer
of 32 and an agglutmation hiter of 16 with vaccme of Type 48

An antt pneumococcal serum was prepared with the new stramn (3)
After immunization of 10 rabbits for 1 month, the serum showed 1
homologous capsular titer of 512 and an agglutinaton titer of 2048
This serum was examned for capsular reactions with vacenes of all
80 Pneumococcus types with negative results Even with vacene pre-
pared of Type 24 A there was neithier capsular nor agglutintion e
action After mmmumsation for 8 months 3 of the ammals remned
and were bled Their serum had a homologous capsular titer of 2043
and an agglutination titer of 4096, and showed only one heterologous
reaction, namely with Type 19 C (capsular and agglutination tier 8
(Table 1))

Types 19 C and 48 thus may possess a common antigen, but as the
cross reactions for both antigen and antiserum are weah, this anbigen
will not he mcluded in the formult for Type 48 The reactions with
Types 15 A and 24 A arc only scen with the antigen of Type 48 nd not
with the antiserum and therefore these reactions will not be taken into
account aither The new type therefore has heen gnen the following
antigenic formula

Type 48 = 48 a

A new set of diagnostic Pncumococeus sera have been produced at
Statens Scrumunstitut These scra wnclude @ pooled sera (A=) and 46
type or group sera numbers 1 to 48 (26 and 30 arc not used) Type 48
1s mcluded 1n pool I and as a type scrum 48

SUMMARY

A new Pneumococcus type has becn estiblished s Type 48 and m
cluded mn the Danish nomenclature The type scems to be rare Hs anti-
genic formular s 48 a
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HE F\TFROVIRLS DEPARTMENT, STATENS SERUMINSTITUT COPENITAGFN

ON THE SPECIFICITY
OF COMPLEMENT FIXATION TESTS TOR TYPING OF
COXSACKIE VIRUS STRAINS

By
BENTF STAUTZ MUNCH
Recened 9162

In recent Years mncreasing numbers of Coxsachie viruses have been
rpotled as etiologic agents of human diseases, several of which present
a severe chimeal pietute (1) It would therefore seem highly desirable
to obtain a simple, quick, and economieal method for the {aping of vitus
strains freshly 1solated from patients, and for this purpose the com-
plement fixalion (CF) test would seem to have certan adsantages

Thearetically the method might he employed 1n two ways (2) Either
dtrectly by using matennal contaiming the unknown virus as antigen
1n a CF test aganst known, speaafic antisera Or indsreethy, by -
mzing anmmals with the unhnown agent and subsequently examine the
mtiserum against hknown vral antigens Since the preparation of anti-
stra requires onc or more weehs, 1t was assumed that the mndirect pro-
cedure would be loo time-consuming to be practical for routine diag-
nosty, which assumphion was confirmed by pilet expeniments i this
laboratory (3)

Conscquently, a series of ¢xperiments was commenced 1n order to
worh out a simple method which would make suspensions of infectcd
frssue from newborn mice suitable for use as anbigens i CF tests In
a prelumnary report (4) oxpermmental preparation of such antigens
has been desenilied Coxsachie virtses A1 and Bl recovered from sivol
specimens were chosen as Tepresentine strams for these studies
While the A1 struns were found to yreld good CF antigens, results sith
the Coxsachie B strains were less satufactory

The present paper desenbes the results obtuned with the adopted
teehmique applied on all our prototype Coxsachie virus stramns, 1e
Lovsackte AL through 24 and Coxsachie B1 throush 5 The Coxsackie

strun B6 was not avadlable in our lboratory at the time of the experi-
ments

The help and sbate by iy Herdit 1 on Magnus In the prepar:
g tion of the manuser
Vs gratefully ap; reciated and so are suggestior ndatio A
ngratelulls anpreciate gRestions to emendations in it made by mag
The valuable technlcal assistance by Wfiss £ 3
emi ahuatle technleal aseistan g ofir M G Mathiasen and Me if So
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A Pneumocoecus group 24 rablnt scrum (prepared by immumizabon
for scven months with types 24, 24 A and 24 B) showed 1 eapsuiar lifer
of 32 and an agglutination teter of 16 with vacewne of Type 48

An antipneumococcal serum was prepared with the new stram (3)
After immumzation of 10 rablils for 1 month, the serum showed 1
homologous capsular titer of 512 and an agglulination hiter of 2048
This scrum was exammed for capsular reactions wath 1acenes of all
80 Pncumococens types with negatine results Iven with vaceme pre
pared of Type 24 A there was neither capsular nor agglutination rc
action Aftcr immunssation for 8 months § of the anmuals remuned
and were bled Ther serum had a homologous capsular tifer of 2018
and an agglubination titer of 4096, and showed only one heterologous
reaction, namcly with Tape 19C (capsular and agglulination titer 8
(Table 1))

Types 19 C and 48 thus may possess a common antigen, but 43 the
cross-reactions for hoth antigen and antiserum are weh, this anhgon
will not be ncluded 1n the formula for Type 48 The reactions with
Types 15 A and 24 A are only secn with the antigen of Type 48 and not
with the antiserum and therefore these reactions will not be tahen mio
account ather The new type therefore has been gnen the followng
antigenic formula

Type 48 = 48 n

A new set of dingnostic Preumococcus sera have heen produced at
Statens Seruminstitut These ser1 nelude 9 poolcd sera (A b and 46
ty pe or group sera numbirs 1 1o 48 (26 and 30 are pot used) Type 18
1s mncluded 1 pool I and as a type serum 48

SUMMARY

A new Pneumococcus fy pe has heen cstablished as Type 48 and m-
cluded in the Dansh nomencilature The typc seems to be rare Its anti-
gemie formulir s 18 a
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In reeent years ncreasing numbers of Cotsachie viruses hasve heen
reported as etiologic agents of human diseases, several of which present
a severe clinreal picture (1) It sould therefore seem highly desirable
to obtain a simple, quick, and economical method for the typing of virus
strans freshly isolated from patrents, and for this purpose the com
plement fixation (CF) test would seem to have certamn advantages

Theoretically the method mizht be employed n two ways (2) Either
directly by using material containing the unknown virus as antigen
m a CF test agamnst known, specific antisera Or indirectly, by immu-
nizing animals with the unknown agent and subsequently examine the
antiserum agawnst known viral anbigens Swce the preparation of anti-
sera requires one or more Weehs it was assumed that the mdirect pro-
cedure would be too time-consuming fo be practical for routine diag-
nosis, which assumption was confirmed by pilot experiments in this
laboratery (3)

Conscauently, a series of experiments was commenced wn order lo
worh out a simple method which would make suspensions of infected
tissue from newborn mice suitable for use as antigens n CF tests In
7 preimmary report (1) expermmental preparation of such anligens
has been described Covsackie viruses Al and Bl recovered from stool
specimens were chosen as representatine strans for these studies
While the A1 strains were found to y1eld good CF anhgens, results with
the Coxsachie B stramns were less satisfactory

The present paper desenibes the risults oblamed wath the adopted
devlimque appid o ol our protorype Coxsackie titus strams, 1¢
Coxsachie A through 21 and Coxsachie BI through 5 The Coxsachie

strain 16 was not avalable 1n our laboratory At the time of the experi-
ments
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A Pnewmococcus group 24 rabbit serum (prepared by mtmumzation
for scven months with types 24, 24 A and 24 B} showed a eapsular tiler
of 32 and an agglutination titer of 16 with vaccine of Tspe 48

An anti-pneumococeal serum was prepared with the new stram (3)
After immunization of 10 rabints for 1 month, tie serum showed a
pomologou: capsular titer of 512 and an agglutination titer of 2048
Tlis serum was exammed for capsular reactions with vacemes of all
80 Pneumococcus types with negative resulls Even with vaceine pre-
pared of Type 24 A there was neither capsular nor agglutination re-
action After immunisation for 8 months § of the ammals remuned
and wcre bled Their serum had a homologous capsular fiter of 2048
and an agglutination tter of 4096, and showed only onc heterologous
reaction, namely with Typc 19 C (eapsular and agglutination titer 8
(Table 1))

Types 19 C and 48 thus may possess a common antigen, but as the
cross-reactions for both antigen and antiserum are weah, this abigen
will not he ncluded 1n the formula for Type 48 The reactions with
Types 15 A and 24 A are only seen with the antigen of Type 48 nd not
with {he anfrseram and therefore these reactions will not be taken mto
account either The new type therefore has been given the following
antigenic formula

Type 48 = 48 a

A new sct of diagnostic Pneumococcus sera have been produced at
Statens Scrumunstitut These sera mclude 9 pooled sera (4 1) and 16
type or group sera numbers 1 to 48 (26 and 30 are not used) Type 18
1s mcluded 1n pool I and as a type sernm 48

SUMMARY

A new Pneumococcus type has been established as Type 48 and -
cluded 1n the Damish nomenclature The type seams to be rare Its anti-
geme formular s 48 a
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serum dilation one litter of mice was employed each mouse recerying 002 ml intra
peritancally A sunultaneous titration of virus was carried out The mice were ob
Served dafly for seven days and the hiter was calculated as the higheat mitial serum
dilution g tng 100 per cent protection of the inoculated mice

Preparation of CF anfigen For the preparation of a batch of antigen five Iitters of
suckling mice were inoculated each mouse recerning an inaculum of 0 02 ml of virus
T traper 1Iv The virus was used 10 a dilution estimated
to contam 103107 1D3g pr 1noculum an amount which we have found to produce
trpical signs of disease 10 the majority of the mece on the second or third day fol
1 wing noculation At this time all of the ammals were fled by etherization and
st red at —20° C untsl used for preparation of CF antigen
The further proceditre has been described 1n a previous paper (4) and only a briel
review shall be gnen here  After thawing the torsos of the mice were harvested a
20 per cent suspensian was prepared and centrifugated to remove coarse particles In
hY b ame Eoeno= e a .

iightly and 3ellonish the virus normal guinea pig serum
was added to a final concentration of 5 per cent (7) upon which inactination at
3/ C for one hour was carried out This suspension constituted the final antigen
ahich was stored in small rubber stoppered vials at ——20° C. Before use the antigen
way thawed and centrifugated at 2000 $pm for 19 minutes

Torso suspensions from nofmal mice of comparable age were prepared by the
~ame method and used as antigen controls

The final CF antigens were ordinanly waterclear sometimes of a shghtly yellow
“h colour Prolonged storage at —20° G resulted 10 an mer¢ased amount of sediment
after the last centrifugation

Eram nat an af mat

teaw
The details regarding complement <heep red cells haemolssin veronal saline

dlluent and guimea Pig sernm emploved in the present enpeniments were the same
as these described previousty (4)

FAPFRIMENTAL AND RESLLTS
Box Tutrations of Prololype Antigens

To determimne the potency of the CF antigens and the CF antibody
uiter of the hypersmmune sera, box titrations™, 1 ¢ titrahons m\ulun'g
varving serum chiutions as well as varying antigen dilutions, were per
formed Senial twofold dilutions of antigens and hyperimmune sera
were prepared in veronal bulfer Tubes contaiming the serum, com-
plement and amtigen tihons 1B 1 m) of each 3dded to the ll;hes mn
the order mentioned) were incubated at 4°C overaught, e for 18 1o 20
hours The next morning ¢ 2 mi of sensilized sheep read cells were a(ld;d
to exch tube and haemolysts was allowed to tahe place 1n a water bath
at 37°C for 30 minutes Subsequently the tuh. .
the results were tead the following wmarmy
recorded as d,
+ I:md ‘l'+) 4 fixation of 3 ar 4 was ordinarly employed

- ndpoint of the ltration, the licrs of the antiae

es were placed at 4°C, and
ng Complete hixation was
no frxation as 0, and intermedrate degress as 3, 9, 1
for re-
ns and
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In a forthcoming publication (5} the results obtamncd with a number
of freshly asolated virus stramns will he reported

MAILRIAIS A\ND Vi 1HODS

Fxperimental animats Suckling albino mice usualls less than 24 hours and
neser mare than 48 hours of age were wsed for virus titrations as well as fer fre
pacation of antigens Ammals used for Coxsachie B studies were alwavs fess than 20
hours old To obtain an cven distribution of the amimals all of the suchling mice 1
an experiment were pooled—as 1s the usual procedurc tn this labaratory—and sub
sequently distrihuted at random scven soungs to cach mother In the followins 2
group of seven such mice will be referrcd to as a htter

For hipirimmunization purposes mice waghing 22 28 g were used

Virus strams The Coxsackie virus strains nsed for preparation of prtotype refer
ence antigens were our luboratory strains comprising vanous mouse passaces of all
of the asadable protots pe Coxsachie stratns Of these the strams 4 1 through 19 2!
B 2 through 5 had been kindly supplied by Dr € Dalldorf stramn B1by br ) 1 Vel
nick, the strains A 20 through 24 by Dr Hildeqard Plager In addition group 4 ant!
gens of the tspes 2 5 12 and 15 were prepared using as starting matcrial monse pas
sages of strains of these types recenved from Dr Hildeqard Plager | urthermore CF
antigens were prepared fro Voomeerhad
stramn kandhv supplied by
tissue culture passage of a
from the first mouse passage of a stramn of herpes simplex virus hindly suppieead
l)lilla Birhum Petersen of thiy institute representiny, the seventh passage m Hela
ccdis

Yarus turations Serial ten fold dilubions werc mogulated intraperitoneally inte
newborn mice usmg onc htter per dilution The moculum was 002 ml The mice
were observed daihy for scven davs for paralsysis or other typical signs of diveast
and Aarbers mcthod (6) was used i the caleulation of endponts

Hypcrummane sora were prepared according to a method deseribed 1n detail in an

earlier paper (3) The technique «
mately 30 mice were emploved 1 s
3
<

The virus suspunsions used for moculaticn were prepared from torsos of nesbort
mice mfccted with our laborators Coxsachie virns strains The flids were subjeete ]
- which 1n this studs 83

1ned for hyperimmuniza
10ns sometimes shaerved
1 by fluorecarhon! treat
ment using the mcthad to be desertbed for the €1 antigen preparation
The scra were stored undiloted at - 20° C Before use in (I tests they were thawed
diluted m veronal buffer wsnally 13 and mactnvated 2t B9° € for 20 minutes When
wrum pools or low dilutions of sera were preparcd m amounts sufficient for scverat
experiments they were stored at —20° C during the experimental perned

Titration of virus Neutralizing antibodics i hypperimmune sera were carned cut
on most of the hypcrimmune mouse sera emploved The serum was diluted 1§30
saline and mactnated at 60° € for 20 minutes Serial two fold difutions werc now
made covering a suppasedls adcquate wmterval and 1o 02 ml of cach diution was
addcd 02 ml of a dilution of the homologous virus type contrmng about 200 100
(80 300 1D o) pr 082 ml The serum sirus mistures were incubated for one hour
at ricm temperature and subscquenthy snoculated tate m whorn mue [ or cach

© [ fuorocarban *Freon 113 (Trichlorotriflusrocthane ((LI ((Ji_ § 1 Pu
was emploved 1n the prosent cxperments

Pont de Nemours & Company Ine)
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serum preparations a brief comment on the results shall L e grven here
1t will be noted that although the same batch of complement — stored
1n sealed ampoules at —20°C was used n the three experiments small
vanations could be seen i the fixation grades obtamned i the comple-
ment titrations 1n veronal buffer made at different times and ustng
ifferent ampoules of complement The results of the control hitrations
of complement furthermore reveal that exactly two umits of comple
ment were not always available n all test tubes Usually approxa
mately two umits of complement were present in the tubes with the
Jowest dilutions of antigens and sera more than twe sometimes a hittle
more than three umits were not infrequent in the fubes contmming the
migher dilutions of antigens and sera

TABLE 2
Itox T trat on Representat ve for React ons Character ed as Med um”
Coxsack e A 23 Expt No 36¢ Nov 10 1960

Homala ous hypenmmune serum ‘Tr:
4B 16 3@ 61 1% 20 S12 1024 WIS 400 B by
Aotgen wnll 4 4 & 4 4 1 3 2 + (+) (+) () O
2 £ 04 4 4 4 4 2 1 (0 0 0
4 3 3 3 2 2 1 1 1 o 6 0 0o
3 11 1+ 4+ 0 0 0 0 0 O »
16 6 0 0 0 0 0 o 0 0 0 0 0O 0
Serum control 0 @ O O 0 0 ¢ O 0 O O 6 0
Control t tration of complement
Complement
20 30 40 o0 [ -6 80 50 100
Ant gen undil 0 (+) (+) + + 1 1 1 1
2 0 o +) + + + 1 1 1
1 0 0 )+ o+ + 1 1
8 0 ¢ o + + 4+ 1 1 1
L] ¢ [ o By o+ o+ 1 1
Serum 4 0 0 [ + O T
Serum 0 0 0 4+ + 1 1 1
Complement control 0 ° (+) + + + 1 1 1
Tegenls sce Tatle 1

Same bateh [ comjlement as emplo;

3¢l n Fxpt No 362 Table 1 Co
dlut on 1 15 was used in the bov fit « mplement

ration
It wall be seen that generally the antigens were shghtly anlicomple
mentary 1f used undiluted occaswonally if used 1 2 The higher dilu
tions of anligens rarely showed anticomplementary effect and even
1 the presence of undiluted antigen the fixation oblained in the com
tlement titrations with one uast of complement seldom excecded 1
the reaction usually being 0 or (+) s ean b
ment titrations m the presence of hy persmmy

¢ seen from the comple
mere or less anticomplementars 1n therr lowe:

une sera these might be
st dilutions However the
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sera bemg recorded as the lughest dilution of anhigfen or serum giving
3 or 4 fixation In some titrations where the maximal fixation was 2 1
or +, this fination was used for calculating the cndpomt (see Iter)
Appropriate controls of antigen and serum as well as a cell conlrol
and a control fitration of complement with and without the antigen
dilutions employed, often also with the highest serum concentrations
employed, were mcluded m each hos titration experumnent

TABIE 1

Box Titration Representatwre for Reactions Character: ed as Strong
Coxsachie & 5 Txpt No 362 \Nev 2 1970

Homolo,ous by perimmune serum ‘;;n
4 8 1 32 Tl 178 20 312 1020 20018 4oor 8192 contrsl
Antigen undil 4 4 4 4 4 4 3 2 1 4 () (B O
2 4 4 4 4 4 4 43 1 (H 0 0 0
1 4 4 4+ 4 4 4 4 3 100 0 o 0
8 308 03 3 3 3 3 1 (P 0 0 0
16 2 2 2 2 2 2 1 4+ 0 06 0o 0 0
32 0 0 1 1 4+ + (¢4 0 0 0 o0 0
Scrum control 0 0 0 0 0 0 0 O 0 O 0 [

Control titration of complement §

Complement

°
Z

2
2

e 30 40 20 60

Antigen undit 0 () + 1 1 1 11t
2° 0 +) “+) + + 1 11 !

4 0 (4 o+ o+ + o+ 1 1

8 o 4+ (S} + + 1 1 11

16 6 @ (+) + + T [ N

32 o 1] (+ + + 1 1 1 1

Serum 1 0 t + 1 1 1 3 2 2
Serum 8 0 n + 1 1 1 2 2 2
Camplement control 0 +) (+) + - + 1 1 1

* Reectpracal of dilutions
§ Complement difuticn 115 was used 10 the box titration

In Tablcs 1, 2, and 8 are presented the results of ty preal expe rimenls
The dita shown 1n Table 1 arc representatinve for the fixation gr wles
obtamcd with some of the Coxsachie types wlich sidded CF intigens
of high potency and hy perimmunc sera with a consuderable CF antibody
titer Such reactions have heen characterized as  strong  Tables 2 and
3 w<how representatne resulfs obtaned with othcr Coxsachi {ypes,
31ctding reagc nis the reactions of which n hox titrations could be ch-
racterized as * medmm” or “weak”

In the three tables are mcluded the simultanecous control titrations
of complement with and without dilutions of antigen and serum and
smee these titrations are represcntative for the results obtuned in g
great number of titrations earricd out with the diffc
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11, 13, 17, 18, 19, and 21 were Iess or not at all salisTactory for Toutine
purposes

A< regards the Coxsackie B viruses the tests for types 1, 2, and 3
showed so low fixation grades that they n the table are charactenized
as “unreliable”. Coxsackie viruses Bi and B3 gave completely snegative
results Thus 1t ean be concluded that employing the present technique,
Covsachie b antigens are not smiable for routine CF tests

TABLF 4
Bor Tirations Performed with the Various Coxsgchre Visus Types

Sl enenl
Vinw il aen | Seum eraragieraton
EY reactiams
g
Coxs 41 4 22 312 2 128° weak tn medium
2 6 4 4 361 2 512 mediym
305 2 2 337 8 512 strong
4 4+ 2 2 323 8 1024 strong
- 5 6 3 1 362 8 512 strong
8 4 2 2 38 38 512 strang
7 03 1 2 322 4 256 medim
& 4 2 1 324 4 256 medum
9 1 1 2 3 2 63 weak to medmm
w3 2 1 38 2 236 medium
n 1 2 1 372 1@ 32(2) unreltahle
12 6 3 4 3 g 1024 strong
13 4 2 2 EH | 1(+) 84 (+) unreliable
-4 3 22 32 4 512 medm to strong
B 85 2 4 W 2 128 medium
%3 2z 2 26 1 61
o4 2 2 AT 128(1) unceltable
w3 2 2 %% 1l 61(1) unreliahle
Ww o5 2 2 239 1R 12(2) unreliable
w3 1 1 365 2 51 mudim
2t 3 2 1 3% Ro (ixation  nogative
22 % 1t M 2 £3 weak to medium
23 2 U1 %W 4 256 medsum
24 2 1 1 30 1 128 we:
B1oo3 o2 2 2% 1 321y unreliable
2 3 2 1 22 1(4) 64 (+) unreliahle
T3 2 2 aMm 14 236 (+) unreliable
404 21 ’L o no hixation  negative
5 34 1 2 A - no fixglion  nogative

* Rectprocal of highest ditutions showing 3 or 4 fixation Where
smax
obiamed was less than 3 the fivatlon grade 15 added yn brackets simal fixatin

Conversely, tissue culture fluids of monkey hidney cells nfected
with Coxsachie B strams give appreciable fixation sath homologous
meuse hiponmmune sera (3) and wath ‘homologous hamster h;pcr.
mmmune sera (8) An experument was therefore made with Coxsackie
BI through 5 and with A9, in which both tissue culture anligens! and

1 These antigens wy ki
s kens were kindiv made asailable by Dr Annetrse Galifredsen of they
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anticomplementary effeet of final antigens and of hy persmmune sera
has never heen of such a magmtude as fo mahe the interpretation of
results of the box ttrations diffscult Reactions resembling prozone
phenomena were seen occasionally although they were not sery pro
nounced and did not occur with any eonsistency.

TABLL 3
Bor Titration Representatwe for Neactions Charactirized as Weak™
Coxsachic A 24 Expt No 370, Moy 10 1960

Ifomofogous fiy perimmiune serum tate

gen
4 8 16 32 6F 123 206 312 25 208 400 8192 eontrol

intigen wndal 3 3 3 3 3 3 2 1 1 1 o © O
2 11 1 1 1 1 1 1 4+ + 0 0 ¢
- 1 0 + 4+ + + 0 0 0 0 0 O [
- 60 0 0 06 06 06 0 0 0 0 [
Serum contrel 0 0 0 0 6 O 0 0 O O 0 o
Contrel titration of complement
Contlepment
% 30 10 50 ) 0 s W 0
Antigen undil 0 4 + 1 1 1 11 !
~ 2 00 () (+) + + 1 1 1
- 3 [ 0 ) -y o+ 11
- 8 [ 0 0 0 +) + + 1
Serum 4 0 ] (+) +) + 1 1 1 :
Scrum 8 0 [ (+) +) + 1 1 1 H
Complement Control 0 o [] (+) + + 1 1

Tcgends see Tables 1 and 2

For the majornty of the virus types several batches of antigen and
hy perunmune serum were prepared and cxanned durmng he study
Table 4 presents a survey of the results obtained in boy titrations it
which 21 Cowsackie A and § Coxsachie B strams were tested agamst
the homologous sera For each stran the total number of tests is re-
corded together wath the number of antigen preparations evamined and
the number of hy perimmune serum batches tested Tor each virus type
two to six box titrations were performed and one cxperiment tymeat
of the stram has been given (No 312 for Covsackie A1, No 361 for
Consackie A2 etc ) If the maximal fixation was only 2, 1, or +, these
fination grades are added 1n hrackets The table also meludes @ general
characterization of the reactions obtamed with the various virus types
The term “unrehable” mdicates that the reaction has been found weah

sastly reproducible
ml’(xl‘lixo;:c.;x:\r}nholne and test methods worked satisfactorily for 18 out
of the 24 Coxsachte A strams However, the results obt uned with Lypes



97

penments Jerformed in which all protolype anhigens were tested
1gainst seven pools of Coxsackie by perimmune serq The antigens were
em) loved undiluted and diluted 1 2 Vel antiens which 1n box titra
tions had been found to grve weah of no fisation waith hemologous sera
together with the two anhigens prepared from herpes simplex and echo
9 v1rus strains were tested undituted only Serum pools I to VI contun
ed the Coxsachic A hyjenmmune sera in the following combinations
Pooll 41-4 Poolll 45 8 Poollll 490 12 Pool IV 113 16 Peol
Y A17-20 Pool V1 A 21 24 Serum Pool B contuned Coxsachi hyper
immune ser1 B 1 through 5

The final dilutions of the indmadual sera contuned i the serum
pools were generally 4 or 8 himes lower than the ditution determined
1 box titrition as the CF antibods titer of the serum However to sim
plify the preparation of the pools and fo avoud potential nen speeific
reactions no serum was employed in 1 final dilution lower than 1 16
the dilutions of mdiadual sera 1 the pool eontaining the Coxsachie
B ser were 1 20

It will be seen from Table 6 that the majority of the Coxsachse an
tigens were found to react with the bomologous serum pool and with
thiy pool exelusivelv Howeser the reactions obtaincd with antigens
of the strains A9 A1l and A %4 were wneak and ne fixation at all
oceurred with antigens of the A strains 13 1718 19 2?1 and the B
strans 1 through 5 1t should he mentioned that in other expernments
with shightly less comjlement the reactions on the whole have heen
stronger and weak spetific reachions have been observed with antiens
117 and A 19 However 1t has heen a consistent ohservation that no or
onls mimmal fixalton was encountered between anligens 413 A 18
and B 1 through o and their homologous antssera and this has been
the case even when loner dilutions of the sera have been employed
Antigen A 21 has been tested only once against all of the heterologous
antisern

Furthermore from Table 6 1t will be seen that neither the two con
trol antigens nor the antigen prepared from a herpes simplex sirus
stram showed any reactions with the serum pools whereas the antigen
prepared from the mouse pathogeme echo 9 virus stran reacted with
serum [ool VI containing Coxsackie hypenimmune sera A 21 through
24 When echo 9 antigen was tested agawmst the wndinidual sera in the
pool 3t was demonstrated that the antigen reacted with Coxsachie A 23
antiserum and with this serum exelusively -

In the experument recorded i Table 6 mnimal cressing was found
only between ntigen A 3 and serum pool It contamming hyperimmune
sera 45 through 8 In other exjenments Tomprising testing of all of
the antigens undiluted and diluted 12 against the ndividual h; .
sminune sern contuned i the reacting pools defimite two-wa: ery S}s{,"
hase been observed hetween the antigens and sera of the glr N
and A 12 ocewionally a shight crossing has been fi s A5

ound between & 11
STavatn 56 1



496

mause anfigens were tested agminst the homelugous mouse hyper
immune sera It will be seen from Table 5 that good fixation W5 cb
famied with ail of the Coxsackie B tissue culture antigens, and as re
gards lypes 1,2 and 3 reactions were defimtely stronger than those
obtamed with mouse tissuc antigens The two Covsachie A9 anbigens
did not auffer 1n quahity

TABLI %
Testing of VMouse Tissue I Antigens and Tissue Culture CF {ntigens
i Comparati e Box Tirations
Coxsachic A B and B 1 through 5

Mouse tissue anti,.ens Tissue cpliure antigens
Yeeus

[ e
{ Serem titer ( \ntigen titer | Serum Ifer ‘ Anlraen Ller

Coxsackie \ 9 64+ 1 320 »

B 32 (1) 1(1) 32 1

-2 G4 (+) 1(+) 16 1

- 256 (+) 1(+) 128 1

4 no fixation 23 1

~ 5% no ficatron - 32 1

* Rewiprocal of highest difutions showing 1 or 4 fixation m box titrahions Where
maximal fixation obtamned was Jess than 3 the fixation grade 1s agded i brachets
§ Ingeulam used far by perimmunmization was punfied by fluoroe rhon treatment

Studies on Type Specifrely of the Profolype Anligens

To determune the extent of heteralogous cross-reachims all of the
prolotype CI' antigens were tested agunst all of the prototype hyper
IMMune $¢7a

Smce both herpes simplex virus and echo 9 virns con be recovered
trom stonl specimens, and both may give ©igns of disease m newboss
mice, chmeally rescnbling those produced by Coxsachie viruses, af-
tigens prepared mn the usual way from mice diseased alter mocnlrhion
of herpes sumpiex virus and a moeuse pathogenie echo ¥ virus straw,
respechively, were also mcluded m these experimonts

Lhe CF technique employed in these studies was the same as the one
doeseribed for titration of the prototype anbgens s desenhud preve
ously the anticompiementary effect of the antigens and sera cmptoyed
was of such fow order as te leave upaffected the interprefation of re
sults obtamned m the CF tests Conscquently, complement titration m
the presence of anhigens and sera wire not mcluded m (s serres of (v
periments Fixation grades of 3 or 4 were considered positive reactwons
Whether fisation grades of 2 or fess shonld be considircd as speetfic
was determned by comparison ssith the resulls obtuned with the
other specific reagents and with the control reagents mcjuded m the

tesis
In Table & are presented the resulls olit uned i one of scveral ex-



99

\oles fo Table 6
Simultancous complement titralycn in V eronal buffer
05
Units of complement 2 15 1 075
Fixstian grade 0 0 o 0 +)
* 1 <= undiluted 2= diluted 1 2
£ Diutions of the 1adividual scra in the pools 4 or 8 times Jower than the CF anti
body titer of the sera yet at least 1 16 Diluti)n of each imdividual serum in
pool B 1 20
+ Prepared from normal suchling mice two days old
|l Prepared from normal suckling mice four days old

and 4 15 One-way crossing has been encountered consistently htween
anbigen A 3 and hypertmmune serum A 8 The degree of these re ictions
has varied according to the dilutions of scra employed It has been
found most pronounced m expenments 1 which undiluted anbigens
were tested aganst hy perimmune sera 1n dilutions as low as 1 5or1 8

However, when sera have been employed in the dilutions histed
Table 6, no or only shght crossings between the types just mentioned
have been observed, and the Coxsackie antigens have been found to

react with strong fixation with the homolegous hyperimmune serum
exclusnely

DISCLSSION

The results obtamed 0 the present senes of CF experiments with
alt of the prototy pe Coxsackic sirus strans are n agreement with the
prehminary experiments (4)

Anbigens prepared from 18 of the 24 Coxsachic A types cxanmuned,
were found to give satisfactory complement fixation, while the fie
Cotwsachie B viruses d gave less reproducible results or no
complement fixation at all

For the majority of the virus types several batches of antigen and
hyvperimmune serum were prepared and two to six hox titrations wore
carried out with each virus type This was done in order to compare
m suceessive experiments the same preparations of antigen and serum
and to study preparations made at different times When the same
batehes of antigen and serum were employed 1n successne hox titea-
tions the titers of the reagents usually did not vary more than two fold
When the same antigen was tifrated agawmst different homologous
hyperimmune sera, or when antigens prepared at different times were
lllr’d('(l‘agmn;l the same bateh of hypertmmune serum, the Tanations

ually were not more than

eight fold Finalls, when

A well as serum varied the titers of antigen n:gl‘c‘?.lr:;lcn};:;;fc;nhgen
\ary up o eight-fold Therefore 1t should be stressed that the a rlmght
and serum titers recorded in Table 4 are the results of one et
ehosen as representatn e for each virus tape, et

while the characterization
=
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Cross Testing of the Profotype (F Anty,

gens against 7 Ihfferent Pools

rmnune Sera

of (oxsackie Hyperim

Anligen

Mirus

Sececscccoccscscacane

00000000000000000000000000000000000032J3 coccecme
- Neoos

00000000000000000000000000000000022000000000000000
cesce

00000000000000000000000032212100000000000Dn10000000
= cec

1
2
3
4
5
6
7
8
9
10

Herpes simplex
Serum control

Coxsachie &
Lcho 9
Control [f
Control 11]

Notes sce next page
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Among the A antigens with lower infectious titers, some displayed
medium CF actity, for mstance A2, A 15 and A 20, while others
showed weak or no CF actinity Types 11,13 and 16 are examples of
this

Regardless of the level of the infectsous titers none of the Coxsachie
B antigens here exammned gave rehiable CF reactions

TABLF 8

Corresponding CF an !} irus Neutralt tng Anttbody Titers of the ¥ arwous Types
of Coxsachie Hypermmune Sera

Tuter of Number of
r of
Serum CF e haties vin et et st
Covsackie 4 1 128 10248 20
2 2 512 8192 0
3 512 8192 50
4 1024 8192 60
5 512 4096 100
® 512 4095 200
- 7 206 1024 100
8 226 1074 60
9 51 63 100
1 256 1004 200
1 32 (2) 1024 60
12 1 096 80
13 61(+) 512 40
1 512 2048 300
15 256 2048 2a
15 32 1024 40
7 128 (1) 512 60
18 po fixation 1021 300
19 16 (2) 2,6 0
2 2048 30
n no fixation 22 125
22 64 1024 25
23 256 2048 23
24 128 1024 100
B 1 321 512 160
2 64 (+) 128 150
3 255 (+) 1024 60
3 no fixatin 246 25
5 no fization ndt
Neeiprocal of highest serum dilutian show thg 3 ar 4 fixation in box titrations
;'\rrmi::zxnml fixation obtained was less than 3 the fixation grade 15 added in
1 1:::]:.{:;::”2: highest 1mitial secum dilution gnang 190 <% pratection of the in

nd = not done

As mentioned previously the nfectious titer:
most experiments are derised from only m:cc sh?:n::;cli ;r;;:i.'cnmsmm
Experiments i this laboratory (3) have shown that when a Couacluce
MITus suspension stored at —20°C 1< titeated 1n newborn mice on diffy
rent d s or i two expeniments on the same day, the variation 1n hl:r
S T S
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“strong”, “medium” or “weak” 1s hased on several experiments Reae
lions characterized as “unreliable” could not regularly be reproduced

The potency of the anligens prepared from different virus Lypes
vatied consuderably In order to sec whether the infectious titer of an
antigen was correlated to its CI™ antigenic poteney, the infectious liter
of each final antigen was determined, usually hy only one titration i
newhorn muce The infections titers of the “representatne’ anbigen
preparations referred to 1n Table 4 have been histed i Table 7 Due
to canmibalism amongst the nuce the titration endpomnts of a fes of
the antigens were not very distinet In the table this has been mdicated
with 2 Yea”

Comparison with Table 4 will show that Coxsachie A antigens with
a ligh mnfections titcr, such as the types 3, 4,5, 6,8, 10, and 12, awns
displayed strong or medium CI activity Type A 1 was found to be w
exeeption to this general rule Also in other laboratories (9) thus virus
type has been found to give rregular results mn several respecls

TARBLL 7

Comparatie Infoetions Taters of Prolotype € orsacke CF \ntigens anl of
Coxsaclte Stocl Virus Suspensions

fufections Werie AN
Viras titer * of Infectious titer* O FUCE stock

antig n i of stoch sirus )

Coxsachue 4 1 71 75 9
2 ca 65 77 9

3 79 78 1

1 81 81 [

5 89 82 8

6 75 80 N
-7 ca 60 55 3
8 74 77 6

9 57 56 6
10 77 80 4
11 54 53 1+
12 82 78 8§
13 56 62 5
4 67 66 5
15 58 60 &
16 56 G2 5
17 54 523 3
18 58 56 4
19 55 57 [
20 41 13 [
21 11 15 4
22 65 65 5
23 64 60 4
24 o0 58 3
51 65 61 11
2 51 18 1

3 64 61 8

1 51 52 8

5 nd ca 34 5

* New log Thuo Other legends sce text
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moderate, reciprocal cross reactisity of these types has been found
neulralization tests in newborn mice (11) On the other hand 1n the
present study CF cross reactions were not observed hetween the virus
strams 313 and A 18 and between A 8 and A 12, as have also heen
found mn neutralization tests (11) s far as 113 and A 18 are con-
cerned this mght be due 1o a too low CF actiity of the reagents

The antigen prepared from an echo 9 virus stram isolated 1 this
laboratory reacted 1n the eross CF tests with serum prepared from Cox~
wachie A 28 This latter virus stram 15 now generally considered iden-
tieal With echo 9 varus and has been propesed removed from the Cot
sachie group

As regards cross reactions 1t shall be added that in the CF tests some
presumably non specific reactions between varous serum pools and
some of the antigens were scen repeatedly when the reagenis were
tested undiduted or mn low dilutions

Finally, 1t should be mentioned that seseral of the mice, hyperimmu-
mized with Coxs ickie B 1 and B 3 viruses died after having shown signs
of Winess sumiar o those desenbed by Pappenheimer ¢f of (12) A
few of the mice being hypertmmunized with Coxsackie A1 and A 24
viruses displayed flacerd paralssis of the hind legs a finding 1n accor-
dance with ebserations made 1n other Ihboratories (13 14)

SUMMARY

Complement fixing (CF) antigens from the pratotype strawms of 24
Coxsachie A viwruses and 5 Coxsackie B viruses were prepared by a
method mnvolving flnorocarhon treafment of infected torso suspensions

of newborn mree (4) The antigens were exammed 1n CF tests against
h and hetcrol

g hyperimmune mouse sera
In the Covsackic A group 18 out of 24 anfigens gave sabisfactors
complement fixation while the remaining six Coxsackle A strawns as
well as the Coxsackie B strains gave fess reproducible results or no
Nixatien at all Apart from a few well defied minor crossings, all ye
acting antigens were found to be {ype speaific

The correlation between the level of infectious titers and CF potencs

of the antigens and betwecn the level of CF- ang antibody titers of
Myperimmune mouse sera 1s discussed

REFFRFACES
1 fear J Almentars viruses “The Leech 23 173-184 1959
2 Contreras G_Rarnet § I & Melosch I L fdentitication of Coxsachie vsruses
. - ication into 16 antigenically
3 Staut *
4 Staat - -
L aratton of complement K
antigens for rontine tpiag of G re ot
Snusgens for routine tpIAg of Coxsachic \iruses. Aeta path ef mucoomany
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may occasionally be as hagh as 16 log units In Table 7 1s therefore
histed also the “average” infectious titer of all of the stoch virus htches
based on four to eleven infectinity titrations suchling mice performed
from time to time It will he noted that a rather good correlation was
found between the infectious titers of the final CF antigens and of the
stoch viruses This mdicates that the purification of the CF anbign
mcluding trcatment with “Freon 113" does not essentially affect the
infectious titers of the virus suspenstons Coxsachie A 2 15 most pro-
bably an exception, stnce the infectious titer of three other A 2 antigen
preparations have also been reduced Summarily 1t may be concluded
that a Coxsachie virus suspension with an infectious titer of 105 o
more consistently yielded a rehable CE antigen, whereas mfectious
titers lower than about 10 5 apparently have failed to present ans con
sistent corrclation between the size of the infeetious titer and the CF
potency 1n the strams used Other strains of the sime serolypes mn
be more sutable for a preparatien of CF anligens, as s been phsersd
m cases of other viruses (8, 10)

That even high mfectious titers of the mmitid maternd may ful fo
result n reliable CF activity of Coxsackie B mouse fissuc antigens
15 apparent from the present study as well as from resullts ohtamed
previously (4)

Two of the hypcrimmune sera, B3 and B § had heen prepared by
moculation of virus suspensions purified by “I'reon 113"-treatment It
can be seen (Table 5) that the use of such mocula resulted 1n antisera
with good complement frung quahties

No comparisens between mouse tissue antigens and bssue culture
antigans were attempted with the Coxsachie 4 strams which showed
numimal or no fixation m the present expersments

In Table 8 the CT and ncutralizing antibods titers are compred
for onc hatch of cach type of hyperimmune serum s regards the group
A viruses a certan correlation between these hiters scem fo exist sinee
aIngh lcvdd of CC antibodies always corresponds to 2 hugh level of virus
neutrahzing antibodics However when scra are tfrated agunst the
present CE antigens even a conwiderable Uter of virus ncutrihzing anh
bodics 1s not alwiys reflceted 1 lngh titer of CF antibodics, 1s ndi-
cated by the results from tests with serv A 11, V13, A 17 and V18

Amongst the results hsted i 1ble 81t s notcwortlhy that, although
the moculy uscd for hyperimmumzation had sitisfactory infechious
titers, the virus neutrahzing wmtihody titers of serx 1 9 and A 21 were
very low as compared to the other types Morcovcr Coxsachic virus 49
tol;ﬁlsi(nll) gave arregular results in ncutrabhzation tests

T'he cross reactions demonstrated 1in (18 tests butween the Consachie
otruns A 5 and A 13, and between A 3 and 8 arc m aceordnee with
resnlts pubhshed by other myestigators (2) The shght two-way cross-
asionally observed between strains A 11 and A 15, s — s far

INg 0cCc.
i not been reported by othars Howeser, defintte, although

as we know —
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moderate reciprocal eross reactisits of these types has been found mn
neutralization tests mn nesborn mice (11) On the other hand 1n the
j resent studs CF cross reactions were not observed between the virns
stramns A 13 and A 18 and between A8 and A 12 as have also heen
found 1n neutralization tests (11) As far as 413 and 4 18 are con
cerned this might be due to a too low CF activity of the recagents

The antigen | repared from an echo 9 virus strun isplated in this
Jaborators reacted 1n the cross CF tests with serum prepared from Cox
wackie A 23 This latter virus stramn 1s now generallv conswlered wlen
treal with echo 9 virus and has been [ roposed removed from the Cox
sackre group

As regards cross reactions 1t shall be added that in the CF tests some
1 resumably non sjeaific reactions between various serum pools and
some of the antigens were seen repeatedly when the reagenls were
tested undiluted or in low dilutions

Finally 1t should be mentioned that several of the mice hyperimmu
mized with Coxsackie B 1 and B 3 viruses died after having shown signs
of 1llness simijar to those described by Pappenhermer ef al (12) A
few of the mice being hyperrmmunized with Coxsachie A1 and 4 24
viruses displaved flaceid paralysis of the hund legs a finding 11 accor
dance with obser itions made n other Inboratories (13 14)

SUWMARY

Complement frang (CF) anhigens from the prototy pe strains of 23
Coxsachie A yiruses and o Coxsachie B virmses were prepared by a
method invohving fluorocarhon treatment of infected torso suspensions

of newtorn muce (1) The antigens were examined 1n CF tests agamnst
b 1 and h 1

s g
In the Coxsackie A group 18 out of 24 o

t mouse sera

nhigens gave sabisfactory
complement frcation while the remaining six Coxsachie & strams as
well as the Coxsachie B strans gave less reproducible results or no
fixatien at all Apart from a few well defined mynor erossings all re
aeling antigens were found to be type specific

The correlation I etween the leve! of nfectious titers and CF potency
of the antigens and between the lesel of CF ang antibody titers of
Myperimmune mouse sert 15 diseussed

REFERFA\CES

1 Cear J 31 mentary sJru es “The Leech™ 99 173184 19 9
2 Contreras € Bamnet 5 H & Wolneh J L 1dcntl cat o
b mmunological methods and their class f cat on" ':Iiﬁc‘;éﬁ:f"l;:t . ru;lﬂ
d unct tipes J Immunal 69 394414 1850 semeally
3 Sta t Munch B
4 Sat Mapch B3
ant gens for
candinay 5
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may occasionlly be as igh as 16 log umits In Table 7 15 therefore
hsted also the “average” infectious titer of all of the stock virus batches
based on four to cleven infectiy ity titrations n suckling mice performed
from time to time It will be noted that a ratber good eorrclation was
found between the infcehious biters of the final CF anhigens and of the
stoch viruses This mdicates that the purification of the CF antigen
mcfuding trealment with “Freon 113" does not essentwally affect the
wtcetious hiters of the virus suspensions Coxsachte A 2 1s most pro
bahly an exeeption, since the fectious titer of three other A 2 antigen
preparations have also heen reduced Summanily it my be concluded
that a Caxsachie virus suspension with an infections titer of 1075 or
more consisiently yielded a rehable CF antigen, whereas infectious
fiters lower than ahout 10 75 apparently have failed to present any con
sisfent correlation hetwecn the size of the mfechions titer and the CF
poteney 1n the stramns used Other strains of the same serotypes M
be more suitable for a preparation of CI” antigens, as has been observed
m cases of other viruses (8, 10)

That ¢ven high infectious titers of the mitial matertal may fal to
result i rehable CF actisity of Coxsachie B mouse tissuc antifens
15 apparent from the present study as well as from results obtaned
previously (1)

Iwo of the hyperimmune sera, B3 and B5 had heen prepared n
moculafion of virus suspenstons purificd by “Freon 113”-treatment It
can be seen (Table 5) that the use of such mocula resulted 1n antisera
with good complement frang quahties

No comparisons between mouse tissue antigens and tssue culture
antigens were attempted with the Coxsachie A strains which showed
mimmal or no fixation n the present experiments

In Table 8 the CI- ond neutrahizing antibody titers are compared
for one bateli of each ty pe of hy perimmune <erum  As regards the group
A viruses a certan corrclation between these titers scem to exist see
a Ingh fesd of C antibodics always corresponds to a hugh level of virus
neutrtlizing antshodies However, when sera are titrated agunst the
present CF antigans even a considerable tifer of virus neutr ilizng aslt
bhodics 15 pot alw 13s reflectcd m a high tter of CF antibodtts, as mit
cated by the results from tests with sera A 11 A 13 417, and A 18

Amongst the results hoted i Fable 81t 1 notcworthy that although
the mocula used for hyperimmunization had sitisfactory mfections
titers, the virus neutralizing antibody titers of ser1 A9 ind A 21 wete
very Jow as comp red to the other types Moreover ( oxsackic virus A9
consmlently gme irregular results 1 ncutrahiyation tests

The cross reactions dermonstrited m (F tests between the Coxsachie
otrams A 5 and A 13, and bctween A 3 and 8 are in accordance with
results published by other myvestigntors (2} The shght two-way cross
ally observed between straine A 11 and A 19, has — s [

ccasion
108 o ted by others However, defimitc, although

as we hnow ~ not been repor



BRIEF REPORT

SERUM DISAPPEARANCE RATE OF GAVMS GLOBULIN
1\ BHEGVATOID ARTHRITIS 2

By kh Aho, R Stevers, A Sumons and 0 Wager

The rheumatoid factor (RF) behaves 1n many respects ke an aniboty against
human gamma giobulin As the antigen antibody complexes usually are eliminated
from the serum mofe Tapidly than the antigen alone it seems posyble that the
serum disappearance rate of gamma globulin might be shortened 1o patients with
hugh titers of RE The results hutherio Tept tied oo the gamma globulin disappearance
rate 1n rheumatoid arthritis have been somewhat confliching (3,3 § &)

TABLF
Serum Duappearance Rate of IV Labelled Gamma Globulin

Disappea
[ oz Woser e | panc e
ay *
|

KU 60 Rheumatard arthritis 2000 00,9
L 66 Rheumatold arthritss 2000 QM8
Hh 51 Rheumatoid arthritis 1000 0053
[N 35 Rheumatord arthrtis 1000 noss
KT A0 Rheurmnatord arthritrs 1000 0053
1K 47 Rheumatoid arthratis 1000 LYES
wM 51 Rheutmatmd arthritiy K00 0064
BN 0 Rheumatad arthritis 500 0046
AR 47 Rheumatod arthritis 500 0051
th 38 Rheumatoid arthritis 500 0074
FR 52 Rheumatowd arthrstis 500 0061
Sh 22 Rheumatmd arthritis ] 0Dt
BT 21 Rheumatosid arthritis1 0 0071
AR 56 Rheumatond arthritis o 0021
AR [} Rheumatond arthnitis 0 0039
A0 44 Rheumataid artheitis 0 0064
nR 51 Theumatold spondsyhitls 1)) 0ni3
L1 23 Rheumatoid spondylitis o 008y
TN 52 Rheumateid spond litis o 0053
i 10 Qstenartheitis 0 nodo

1 The patient had alse renal amslaidmis

For th
mz:c 4,‘:,,2:‘:,(,.":“:I.‘::’f..}.{’-.?‘:‘ffisﬂ‘:"e s:lmc\i among 300 pabents wuth rhen
studie ’
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Stant. Muneh B Complement fication cmpl ned for identification of C sachie
A viruses isolated from patients Aeta path ¢t micrchial seanbinn
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actor h serum contaims anhibodies 1o three antsgens by ke and @, The presence

a(Fsl:'ong antbodies to & requires further sbsorplion of the & seram with strain
3647 (ef (1)) This 1s 1 accordance with Gruns (4) suggestion «f a common anti
body 1n the & and b sera The hz antigen 15 heat stable but the agglutination fs
hioched both 1n autoclaved and Iive eultures Agglutination with mannite] salt agar
cultures grown at 20°C and 37°C Teveals this aptigen (Table 1) and has also re
vealed several other antigens

TABIE1
Agglutinabulity of Type Sirans 1 h» Serum
Stran
Lultare
113 ® ™ | 1A Comanl Cowanll
Nutrient agar Ine and _

autnclaved bacterta
Manmtol salt agac 37°C —

— — + +4+ 0 44
Mannitol salt agar 20°C ++ ++ ++ +++ ++ ++

The h serum 1s prepared from serum 17 3 by absorphion with 17 A nutr ent agar
cultures — o agglutination 4+ to 4+ Strength of reaction

Two strains 670 and 5687 were found to possess unblocked b agglutinogens in
nutrient agar cultures Stram 5687 has no Ay antigen and 13 thus smtable for pre
paration of the hy serum

Factor ¢ serum  As reported hefore (3) this sertm contains trong antibodies
to the m antigen It is to he expected that alsn antil odies to ¢ are present The 1
serumn 18 therefore now prepared from scrum F 21 by absorption with strains 1203
and 3487 Two antibodies to factors and - -

this
serum An s serum 1s produced by . while
a pure 1y serum cannot te prepared
Factor A serum The A serum ha . o anu
Bodses 10 & and m Anbhod ac ta m o s am 2L C .
The resultant se .
and &1_Antibod .

tinely The refer "
techmique but < 4l 1 1y 84IL 3gar cultures are used
The m serum prepared from serum F 21 contains additional antibadies to g«
We have not yet faund a strain possessing the t» antigen and not the m antigen
The  and g s(ra have not been used hy us for years and no new antibodses hase
been found wn ¢ and n sera. [L 15 at present not clear shether any of the new anti
sens descrihed by Gritn (2 3) are sdentical to the antigens reported here
Yiur new apligens have heen detected 1n the stramns Cowan T and 1 and two
new 2m
The

comm . i without further

Refrrences 1 Cohen 10 & Oching P 3 Bact., )

Ztsche Wyg 145 253 1918 3 Gedn L Zentraht Bant Onee 5 4
Cron I fischr Bivg 138 345 1952 _flaukenes G £ Ocdung P
microl scand nay 49 237 1960 —§ Ord; P oA

nav Suppl 93 3a6 1952 b ¢ta path et micr

—2 Grun L
81 210 1961 —
Acta path et
obiol scand
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hitration (Sephadex G-25) The product contained an average of two atems of
todine per molecule of gamma globulm In immunelectrophoresiy 1t showed onh
a smgle hne

Flesen of the patients had rheumatord arthrtes having high titers of RE 1 thar
suand showing postive ane tube latex test fne patrents with rheamaterd
arthritis and all the three patients sith rheumatord spandsiitis had completels
regatnne Waaler-Rose and lotex tests In one of the patients wath serrmegatne
rheamatond arthritis (B1 ) the disease was camplicated by renal amlordasis One
patient had osteoarthritis of the hip

Bload samples were taken during the first weeh evers sccond das and later on
twice a week The radioactiaty was counted m a well type scrntillation detectr
After an il rapid deelloe of serum radwactis ity during the equilshratron phase
the decrease follawed an exponential curve after the third dav The serum s
apptarance rate of mjected gamma globulin was calenlated from the data of the
subsequent two wedhs' period The results are shown in the table Durng the
followang weeks the disappearance rates appeared to he somenhat slower possihi’
duc to wmborent heterogeneity and different catabolic Fates ol amjected prmbnd
gamma globulin However the small amount of radioactn sty retatnud did not permit
accurate caleulations

It 1s seen an the table et
with the disappearance
with ostesarthritis all
i was not possible to
different phases of the disetse proeess

After completion of the present experitents resulls simlaT to pats were repocted
by Othagen et al ()
Acta hacmat 20 246 1958 —2 Vckarlanc 4 5 Natuct

chin Imest 40 1926 1961
o1 ™ Sean
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SCROI GGICAL TYPING OF STAPHILOCOCCLS AURITS
Bs Gunnar Haulenes

4 thorough study of one of Qedings (6) facter sera thi ¢ scrum led to the
Qetection of two new antigens (5) The other factor sera hine niw been exammed
by the same techmque Since the results have great consequence for the serolegy
cal tvmng a prdimenary report wilt be gren

i insestigations have primarily hecn based upon the absorbing capanits of
type straann and new methods for revealing blocl ¢d agglutinogens

The factor sera a & and » were found to have the foll msng antibods compa

siton
Factor a <erum m o ay ay a,
I actor b serum a as ay as b b, b
az a a; By oy

Factor ¢ serum
The antigens @, and 1 are heat stable Factor scra to a1 ay a, by L. and ¢; have

been prepared

from the Umtersity of Bergen School of Medicine the Gade

41 62
Recencd 4+ 1 of Wacrobroloqy dergen ey

Institute Deparimen

—
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csults have heen compared with those obtained with Stuarts transport medium
Among others 90 gonocaccal strains were investigated and the TVMG showed better
v1ability results than Stuart s medism Excellent vesults were obtained w llhlhnmn
Iytic i 1 and with non
spare formung bacteria Improved results were also demonstrated when smallinocula
were employed and when bacterial cells which had previe usly been alfected by
gronth mhibitery were cultured which were inoculated
from the TMG mediam 1n comparison with those from other tested transport media
showed a shortened lag phase

I order 1o sncrease the storage capsaily and safety in transport cocoa fat wuth
a small addition of vaschine can be lavered on the medium Such a seal which 1s
essential with low agar concentration and or a large volume of the medium can be
casily mclted over a flame before inoculation and thereafter permifted to harden on
the surface of the transport medium For the magority of the bacteria tested the
viability was best maintamed at +24°C while the gonococer survived hetter
at +10°C

Veller 0 Bacteriological Department Bords SOMEF TFCHNICAL ASPECTS ON
THF LOWENSTEIN CLLTLRF

A simple and rehtable method of preparing and stenilizing the Lowenstern medium
15 descrihed The ingredients are mixed 10 the ordinarv waj, but no stenle pre
«autions are necessary The medum 1» tubed and coagulated m the conyentronal
manner whereafter the tubes are autoclaved at 110-120° C for 30 or 13 minutes

For d¢ of the a of Saxholm s methad has
gnen very sabisfactors rewults The concentration 15 somewhat lower (05 per cent
desogen 025 per cent pancreatin) and the contact time 18 hours (over night) at
+14° € After inoculation of the medium the decontamination tubes are hept for twa
weeks at +4* C If inspection of the eultures durmg the first weeks shows growth
of irrelevant bacteria new Lowenstein tubes are inoculated from the decontamina
tion tubes By this method st has heen posible to obtan pure positne cultures of
tuberele bacills from a priort heavily contaminated specimens

Prol ngation of the wmcubation bme of the Lowenstem coltures from & weeks to
1 m oths has 1n a matersal of 1660 cultures with 140 positises resulted 1n two (2)

adtiti nal prsitne cultures In both cases the guinea pig wnoenlation had gien a
negative sesuld

#mnd 4 & Nortin Margareta The Department of Bacteriologs Unhversity of Gothen

burg Gothenburg ONVGEN CONSUMPTION IN S ALTON CULTLRES OF
ANCNLVOLS ML LOBACTR IS

The standardization uf the antigens 1s one of the problems when 1ry ing to perform

2 serological diffcrentiation between various secies types and strains of myco

bacleria The intention of this preliminary study was
of the oxvgen of the

10 1mvestigate whether or noy
1
salue i this connection

1al cultures might be of

Faht atrains represcnting the fouc geoups of RNenyon were examined In the
course of nine Weehs the oX\gen consumption was measured at weekls mntersals
with the Warburg technique Each stram Wa3 investigated in duplicate serses and

the re<ults were found Lo be fairky veproducible On the other hand different species
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Spgren B The Department of Chinteal Bacteriology  Unnersity of Gothenlutk
Gothenburg  CONTINUED STUDIES O\ (LOSTRIDIUM PERFRINGFAS NP
BACHIUS CERILS A4S ( AUSIS O FOOD POISONING

Food porsonings caused by €1 perfringens and B cercus have a quite simular
simptomatology  Hoth of these microbes have the abiiy to produce a lecithin
splitting enzyme of 1dentical type phospholipase C Since these two common qualt
tres scemed rather striking they direeted the suspicion towards the product of the
cnzymatic reaction phosphorslcholine 1s being the cause of the tliness The 8¢
curacy of this hypotheses has been strengthened In demonstration of this substanee
1n naturally and experimentally infected matersal and by experiments of its 1®
testinal ¢ffect on ammals Some conditions for and sariations of the production and
actiaty of the phospholipase ¢ enzsvme have 2lso been considered

Hewmert= N 0 Department of Bacteriology Unnversity of Gothenburg Gothenburf
AN HOSPITAT INTONICATION BY B (IRITS OF 4 SOMFWHAT UNLSUSL

(HARACTER

Woller A Department of Bactertology  Unnersity of Gothenburg Gothenburg
A NEW TRANSPORT VFDIU M FOR BACTE RIOIQGIC AL SAMPIFS

A transport medium should be bacteriostatic and must be capable of maintaininf
cell viabilits  stand lengths storage and have an sndicator which shows when it
1s no lenger suitable for use It should be easthy handled and transportcd as well 28
reproducible on a Jarge production sealc The maintenance of srability and hactune
<tatic cffect are of great imbortance and difficult to achiese An attempt to satisfs
the aforcmentioned requrements has ban made with a new transport medum
(TMG 1)

The medium 15 prepared with balinced quantities of 1norganic and buffersng salts
redueing substances and orpanic matertal an agar gel The bacteriostatic cffect i<
provided by an addition of phenylmercuric acetate The qualits of the ingredients
mcluding the distilled water and agar has proved to be of great importance

The medium has been tested with a pumber of common hactersal strams and the

\ Transport Medwm of the Bacteriologic I aharatorics of Gathenburg
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Berglund G of B. 1wlogy, Lonersity of
TVVUNOFLECTROPHORFTIC STUDIES O\ Flll“l\O(‘F\OL\SlS AND
FIRRINOLY SIS

Fibrinogen plasmin and the 1yue products of fibrinogen and Hibtin Sere an
vestigated emploving

rabbits

antisera produced mn

The fibrinogen was shown o have a changed mobility aceording to the degree of
dilution The plasmin coutd not be freed of plasminogen The plasmin plasminogen
precipitate formed with anti plasminogen was located in the 82 globulin region

The 1ytic products of long term fibrinogenolysis consisted of at least 2 antigemc
factors which were related to fibrimogen The 1ytic products of fibnin contained two
<inufar factars as well as an additional ane

By emploving anti plasminogen to decrease the plasminogen content in the
fibrinogen preparation a changed course of the fibrinogenolysis was obtained Thus
the 1mportance of the quantity of the plasmin to the reaction was demonstrated
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of one and the same Runvon £roup had oxvgen consumption curves sh wing various ]
trends !
The desdopment of precipitinogens in the cuiture filfrates was studied and com
pared with oxygen consumption the pH rvariation and colour 1ptensity
The results were discussed

Hedland I Iycke ¢ & Tibblin 6 The Medical Chinic [ and the Memapal Virdlo
greal aborators, Sahlgrens Hospital Gothenburg  THE ASSOCIATION OF
ACUTI BENIGN PFRICARDITIS IN ADULTS WITH CO\SACKIE B 5 VIRLS
INEFCTION

The elinical findings from six patients diagnosed as acute bemign perieardiy
are presented Tive of thesc were adults The viral studies showed that the patients
were CONSACRIT B 5 excretors and deseloped homologous aptibodh hiters mn serdm
i r1se i anlsbody titer was demonstrahle 1n three cases In the other three tases
high antihody levels were alreads found on admittance but these patients had heen
il for more than two wechs

Although available materials are small they demonstrate the assocsation of acute
bomgn pericarditis apd Covsachie B virus infechions Ia the presept imseshigation
the viral studies indicated Coxsackie B 5 virus as the etiolngical agent The isolation
of varvs from the perseardial {luid which would suppart the demc nstration of the
ettalogs  was not attempted The 1solation of Caxsackie B 3 virys from the pet
cardial fiurd as well as from stool speeimins has been reported by Kagan & Ber
Kopf tAm Ped 189 49 1957) 1n a len month old gir] with perreardnys

Two of our patients showed leucocyie counts of mare than 9000 per mm? asd
clesated antistreptolysin O titcrs were obsersed 1n three cases Beta haemohtic
streptococel were found 1 throat swabs from the six year old hov Therelore the
possttnlits that two of the patients alsn had hacterral complications cannot be
disregarded

The frequenes of pericarditis during epidemtics of Coxsackic B viruses 15 yiecbahlt
higher than indicated by available reports The disease has been obserted mams
among, childrer Tive of the <1< cases 1n the present report howeser were aduit
patients and two were admitted to hospital under a prelimimary diagnasts of heast

infarction

Lund Fbba The virological Laboratory of the Department «f Bacterjology Unsted
arty of Gothenburg and the Virus Department «f the Mumupal lahoratorits
uathenburg ONMDATIVE INACTIVATION OF POLIOVIRLS

A {unctional relationship hetwcen the rate of oxidatine 1inactisation of §olir virys
and the oxidation potential was found when <xidants such as chiomne chlcramine
permanganate and sons of heayt metals were used The #ependenes 1 the rate !
wnactisation on pll temperature and the concentration of the reactants has been
studied using roller tube eultures of trypsinized monhkey hidney ccls

The oxidation potential 1s dependent just as much «n the quantity and character
of the reducing components present as on the added oxtdant The rate « f mactivation
of poliositus by means of ree or cemhined available chforine shows the same de
pendoney on the potential frrespeetive of the purity «f the sirussusicns n ‘The

amv unt of free or rombined chlorme necessary 1o ghve a certain potential 3s de
pendent however of the paedts ¢ f the virussuspenst
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Berglund € Department of Bacteriology Unisersity of Gethenburg Gothenburg
TMMUNOELFCTROPHORETIC STUDIES ON\ FIBRINOGFNOLYSIS AND
FIBRINOLYSIS

Fibrtnogen plasmn nnd the I)uc Producls of fibrinogen and fibrin were in
vestigated

rabbits

antisera praduced n

The fibrinogen Was shown 10 have a changed mobility according to the degree of
diduation The plasmin could not be frecd of plasminogen The plasmin plasminogen
precipitate formed with anti plasminogen was located in the 82 globulin region

The Iytic products of long term fibrinogen: lysts consisted of at least 2 antigenic
fsctors which were related to fibrinogen The Iytic products of fibrin contained two
similar faclors as well as an additional ene

By emplosing anti plasminogen to decrease the plasminogen content in the
fibrinogen preparation a changed course of the Iibrinogenalysis was ohtaed Thus
the mportance of the quantity of the plasmi to the reaction was demonstrated
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Atlus of Avian Hematology Alfred M.Tucas, AB, Ph D, Gyloloaist and Casmur
Jvnmruz. RS, AB, Mcdieal Hlustrator, 271 pages. 413 figures and 24 tables
USDA Monograph 25 US Government Printing Office, Washinglon 1961
Price $4 50
Tins monograph constitutes an outstanding picce of work and should greath help
bring order into a confused and somewhat neglected field The title does not d)
Jushic to its content hecause 1t s more than an atlas in the usual sense of the word
Where the text 1s a mere deseription of the fllustrations Instead, the entire field of
marphologieal hacmatologs m the avian spectes 1y covered 1 a superbly styled
interpretative, and highly jnformative text The Mustrations, wlich are almost e
clusinels 1n colour, are of the mighest possible quality
 short review can not give full credit 1o the mportance and excellence of the
atlas The emphasis 1s on fow! hacmatelogy but a special chapler is devoted to
other pertinent avian spieies A most valuable feature 1s that all illustrations on
normal hacmatopoiesis come from normal individuals and not frem pathologi
specrmens as 15 the easc in man) other atlases The most contraversial sssue 15 (he
terminologs that Dr Lucas has adopted Current tcrmimology. which as based on
human hacmatopometic cells has heen considered inadequate for non mammahn
species Dr Lucas has, therefore, mtroduced some different concepts and terms
based on lus observations of avian cells The reasons for this are cons meing and
very clearhy elaborated 1rom this worh it docs not scem unhikels that the preset
anthropocentric terminology will eventually sehmat to a terminologs sumilar of
equal to that here proposed With more hnowledge of comparative haematology, it
should be possible to work out a smitable terrmnology apblicable ta all vertehrates
The monograph describes the appearance of haematopoictic cells from embryos
of as carly ns 46-47 hours of incubation It contams sery valuable sections of
technical procedures mcludig methods for obtarnmg blood samples from embryos
Normal salues for different strains and agcs of fowl and other avian species have
been tabulated Special attention has heen gnen to the physiological vanatien
encountered among the cells Thery should no longer he any cxense for deserbing
normal cell features as pathologie
The volume 1s not only imvaluable to anyonc dealing with aviin hacmatalog
but 1s of great interest to those working With mammahian haematology whe have
an exccllent opportumity of broademing and decpening therr gencral hnowledse of

blood cells
Jan Pontén



FROV THF PATHOLOGICAL DFPARTMENT (HF40 Q GRONTOFT WD),
CEATRAL HOSPITAT 3 AVERSHORG SWFDFY

RHABDOMYOMA AND RHABDOMYOMATOSIS
OF THE HEART

Iy
THORBJORN BFRGF
Reeoned 19 1 62

Yon Rechltnghausen t2), m 1862, was the first to disenibe a case of
thabdomyoma n the heart Up to 1955, 77 eases have becn recorded
141}, since then and up to the end of 1960 the author has found m the
Iiterature another 10 cases 3, 20, 26,6,30,12,4,1,7,9) Thus, logether
with the case to be discussed here, a tolal of 88 cases of rhabdomyoma
h1s been reported

%o far e tumour has been diagnosed chimeally only onee {(\-ray
diagnosts, serified at operation) (12) More than 50 per cent of the pat-
rents dre hefore attamning one year of age (2)

The first case 1n a negro was deserihed i 1933 {11}, subsequently,
further ¢ases have been reported

In view of the fact that a rhabdomyoma frequently occurs concur-
rently with & number of thiferent malformations it 1s now the general

opinion that it 1s not a real tumour, but a malformation-tumour, a ha-
martomn

CASF HISTORY

The second child of a 29 year old woman II pregnancy Mother and nfant RH
degatne W negatne Borne at full Time, weight 3630 gr Norhing noteworthy on
evamination after delivers  Subscquently, difficulty in breathing developed and
chmcalls an incresving entatgement of the heart was seen Despite treatment with

diitahis the infant died when 3t was nine days old with symploms of heart 10
sufficlency

Macroscopse descriptian The heart was grestls enlarged weight 50

£r and show ed
concentric hypertrophy and considerable dilatation on the left side. Both of the
atria were dilated The ostia of the pulmanic arters and aor

1a were et
stenosed <o that only a fine slate pencil conld mace L TeTe extensnely
e S

fo . - . . )
LU LR . =% cus sullacd in th; 0 “
measured 273 cm (see Fig 1) T e e heart musele

Otherwise the heart mursele was home o
enad cardium of the lefl seniricle had thichened very conviderably ll““ .:E:f“.’:“;:‘h:
Rrey <ol ur but smonth evervihere Acute stasts was oheersed In the Toee syl
and Miness o data ¢ 1 interest were abtained from the mrm pleen
.
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Atlas of Avian Hematology Alfrcd M Lucas AB Ph D Cytologist and Casim
Jamroz B S, AB Medical lustrator 271 pages 413 figures and 24 tables
}.’!SDAS.‘\Ioonograph 25 US Government Printing Office Washmgton 1961

rice 5

This monograph constitutes an outstanding prece of work and should greath hely
bring order into a confused and scmewhat neglected ficld The title does not &
Justice to its content because it 15 more than an atlas in the usual sense of the word
where the text 1s a mere description of the sHustrations Instead the eatire field o
morphological haematology 1 the avian speetes 15 covered in a superbly stiled
mterpretative and highly informative text The illustrations which are almost et
clusively 1n colour are of the highcst possible quality

A short revicw can not give full eredit to the importance and cxcelience of th
atlas The emphasis 1s on fowl hacmatology but a special chapter 1s devoted 1t
other pcrtinent avian species A most valuable feature 1s that all illustrattoos of
normal hacmatopoiests come from normal individuals and not from pathologt
spccimens as 1s the case 1n many other atlases The mest controversial issue 1S th
terminology that Dr Lucas has adopted Current terminologs which )s based of
human hacmatoporetic cells has been considered madequate for non mamma rar
species Dr lucas has therefore mtroduced some different concepts and ferm:
based on his observations of avian cells The reasons for this are comyincing 2n¢
very clearly elaborated From this work 1t does not seem unlikely that the preseh
anthropocentric terminology will eventually submit to a terminologs similar ol
equal to that here proposed Wit ’
should he possible to work aut a

The monograph describes the
of as early as 46-47 hours of incubation It contamns very valuable sections v
technical procedurcs mncludimg methe ds for obtamming blood samples from emt oS
Normal values for different strains and ages of fowl and other avian species have
been tabulated Special attention has been gnen to the physiological yarmatior
encountered ameng the cells There shoull no longer be any excuse for describing
normal cell features as pathologic

The solume 1s not only mvaluable to anyonc dealing with avian haematolog
but 1s of great nterest to those working with mammahan hacmatology who have
an eveellent opportunily of broadening and decpening therr general hnowledge of

bleod cells
Jan Ponten
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Mreroseopte investigation The tumour n the Il ventracle was rieh i eddls and
strangly sacuolated (sce Tig 2) In the contre of the yachales there were frequenthy
polvgonal cdly with radiate procisses (spider «cls) Both the evtoplasm and {he
processes display Dinc-gramed transyerse striatians in sectlans statned acee edang to
Heudephabn (scc iga 3 and 4) Wyth Bost's carmine stam glveogen was domen
strated gn seetions which wery pretroited with absolute aleohol only and meunte!
directly on Kliess without a water bath homg used Ihe tumour gy shrply domarcated
from the sutrounding musclcs but as without a praper capsulde Ta its mmediate
surroundings and In a numbcr of places hodow the endocardinm smal) rhabdomo
miatous foci are prosent e hustologee prcture of shich varis to a eortam derce
representing all the transitions from o normal myocardiom to e piture of the
tumour deseribed above No spider ¢odls occnr an the foes, but a prosence of gl gen
is demonstrable A1l of the foci arc localizal eompactly bolos the endocardimm The
unducardium has thichenad and 1s bult up of conncetine thsue rieh in eollagen and
containing an shundance of dastic fibres

Pathal el al diay, Rinbdomyoma ¢t rhabdoms omatose cordis +
Stenosys valvulac pulmon dis ot aortac 4+ Hypertrophia ot dilatatio cordis + Filir
dastosts (ndagardii

DISCUSSION

Bemgn tumours wluch proceed from the striafed musdes are rardy
cncountered Some authors doubt the existence of such tumours and
consider that the rhabdomyomas deserbed are malformations Accord-
wg ta Wenston Lwans (42) no actual rhabdomyoma has hoen obsered
either in the skeletal musculatare or n the heart

In a matertal consisting of 400,000 secttons primary cardiac tumonrs
represented only 0017 per cont of the tolal number of tumours (29)

Rhabdomyomas are doserthed as occurring either m a diffuse formt or
as single or multiple nodules (8) The charactersstie, large, empty spatts
witlun the tumour have heen mterpreted &s fymplt space, artifacts, ¢e
Woltbacl (33) was the fust fo suceced w demonstrating, with the aid
ot a speeral stan, that these ampty spaees were focalized withm the
muscle-fibrcs Redider (23) showad that thar contents were made up_ﬂf
glycogen, @ fact which had proviously been suggested by Seiffert 147)

Icre ate various theories as to the gencsis of rhabdomyomas On
smannh of wetphwlege swealandans and s glueegon confont, chabido-
myomas were assumed to orgmate from Purkinge’s cells Stetnbiss (28)
showed however, that rhabdomyomas could be found w rcgions At
tant trom Purkinge s cells and that disturbances m neryous transmssioh
never were demonstrated On the whok these tumours affect the heart
anly when they cause disturlutices i the closmng e chantsm of Ui
valves The tumours show no marked tendency to prohferate 123)

Most investigtors now regard rhabdomyomas as tumours duc lom -
formation, [e o~ famartomas (25, 21, 17, 1) Tins rondicatad by the
fact that the typical spider eells resemble the heart muscalature at 3t
costun stage of dosdopment, and that the tumours disphiy enly @ shght
tendiney to prolferate Morcover, frequently other concurrent maifor-
smations are present, e g puxcd tumours of the l\uhw‘\.\ (10), adenomay
tous hyperplisss of the aweal ghinds i the skan (16), exstie hidneys
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18}, developmental disturbances 10 the heart and aorta, sortic hyper-
Prasn, atnsl defects, and most coramon of all, tuberous sslcr?u\. which
Tras been found to occur 1n 50-60 pr cent of the eases (3, 25, 18)

When von Grerhe (11} desertbed hus discase, heptonephromegaha
glycogemeca, he mentioned a case of diffuse hyperplasia of the heart
ostatatute, as @ consequence of infiliralion with glycogen Olsen &
¢ ooper {23) consider that the glycogen stratifications deserthed in con-
archion wath thabdomyomns may all hate heen locat manifestations of
von Gierhe's disease Pompe (23) 1 of the opinion that some of the cases
nporfed as ihopathie cardiae hypertrophy were cases of von Gierhe's
disense

The abore-mentiontd malfosrmations or tuberous selerosis are not
found ay frequently, however, in assoention with yon Gierhe™ discase
Mher conditions as well make 1t prohable that st 1s & questien of twa
ifferent diseases The glycogen n rhabdomyomas 1« more solubte n
ordmary fiang fuids than s the glycogen present m von Gierke's ¢
seast where its prescnee shill can be demonstrated after a number of
weeks and months By staning and mounting the preparation without
«mploving a water bath according to Beatrd (3), we were able also to
demonstr e the prosence of glhcogen, when staming in the usual way
had proved unsuceessful

n order to show that they ard not actual tumours 1t has been pro-
posed ta use the term “congenital nodular glycogenie tumour of the
Leart (2} and “congenital nodular glycogenie degieneration of the myo.
wrdium™ (22)

ttis our siew alvo that we are doaling here with a tumonr due to mal.
formiation This s mdicated by 1ts comination with other malformations
(pulmonary and aorlic stenowisy, and the hitologic mclure showing
the presence ta the heart not only of a delimited tumour but alse of
wultiple rhabdomyomatous focs at different stages of development, ane
fnally, by the glycogen only bheing shightly stamable

STAMMARY

A Lane of sosealled thabdomyoma and rhabdomy atosis of the heart 1y
desertbed At the autopsy of a mature male child, who had died from
carthac insufficiency at the age of mine days, findings 10 the myoc:

ar-
dium included multiple ehabdomyomatous foet af vars v« ¢ -
ter . '

Vaarown iyt i X
s ine Turiliermore pulmonary nn: :ercﬂ«:'r:::‘“:‘x‘: o\lf)\:::‘:;k:\
d1lv of interest were found in the other organs The poor stamal I‘ s
of the glycogen and the abscne of lesions n the Inl\or s ;‘ona "
kidness probably exclude von Grerke's dicase The !\xslo‘!ogl;c ::M:Ir‘:-l



118

and the othcr concurrent malformations support the view that rhab
domzomas are tumours of malfermations type, so called hamartomas

REFIRINCES

1 Afd hamunsla M & Mugdalsha A B Rhabdom) t coangenila
cordrs Polah tygodoik 1 eharski H "030 1959

2 Balchelor T W & Maun M ¥ Congenital glvconcnic tumaors of the heart dtch
P’ath 37 67 73 1945

$ Bearrd J B'S & Mowy R W Cunminghant J 4 Conscnital rhabdomyama of
the heart Case report wath histochemient study of temor polysacchande
Cancer 8 916 195%

t Bobal J & Poluka ¥ Vreozens moohotny rhabdomyom srdce prosazeny tube

rosnn sklerosou mozhu Ceskoslowensha Pediatrie 13 251 1908

Cagnelto  Contnhuto alla studia der rthahdomy cmu del cuore Arch Su med e
natur 27 33 80 1903

Coras 4 Sta Mrad 4 (orcas V. Gorduff W & Coreas Zarfa %  Synihome de
deeercbration dans un cas de sderose tubcreuse de B urnevallc avec thab
(:;!T(l;\nmt\ cardinques ct adenomes cerchraux Arch Trane de Ped 13 999

5

7 Oumer k- Rhabdomiomatose bu anseborenen Vitigm Cordin Zentralhlatt fur
ally Path u path Anat 99 382 1959

Farber S Congonital rhabdomyoma of heart Am | Path 7 10y 130 1831

I-urbc;‘szg & Craiq J M (hinwal Pathclogical Conference J of Ped 55 240

-

E

Y

10 Zischer W Dic Nicrentumoren bo der tuberosen Hirnsklerose Batr path
Anat 50 235 282 1911

11 jon Gurl¢ F Hepato Nephromegalia glveogenica Butr z path Anat uz allc
Palh 82 497-313 1929

12 Herbst M & Michd D Zur angiokardiographischen Diagnostik der Hertzlu
moren Iortschr auf dem Gebiete der Rtg stiahlen u der “uklearmed
(Beitr ) 86 51 1957

13 Hert 00 4 J  Congenttal rhabdomyomatosis of the heart
with autopsy  Arch Path 47 191 1919

14 Huerer W ¢ Rhabdomyomatas s of the heart 1n a negr Arch Path
379 1935

15 Janchershatr 4 A Cas dun diagnostic fart du vivant dun malade d une tw
meur pumaire du cceur resultant ¢n perieardite exsudatne Problomy
Tuberhuleza 35 109 1937

16 Raufman F Spezr path Anat INuy \ Aufl Bd 2 74 75 1931

17 Awrch F Pathilogie des Herzens 1 Geschwulste des Herzens Lubarsch O
Ostertag R Fret W Frgchn d ally u path Anat 22 115 133 1937

18 Labste J S {ongenttal rhabdomvoma <f heart Am 3 Path f5 137 150 1983

19 Mifawu S Dis hongenitale multiple Rhabdemsom des Herzen Tr Sou Path
jap 24 589 (queted from Batchelcr and Maun) 1934

20 Morelts G Geyer A et Charles Ph Rhabdomyome ot Dbroclastose du coer
chez unc filette noire du gabon Bull Soc Path Fxot 35 3821955

21 Monclberq J G Handh spez path Anat B2S 482 [f 1924

22 Olscn R F & Cooper R J  Congumtal nodular L.Iuo;:(nu dugeneration of the
myocardium Am J Path 17 12> 128 19

28 Pumyc J € Hypertrophic idiopathique du unur Ann danat Path 19 23 3»
1933

Report of a ease

19 372

91 1 Recllinghausen Wschr Geburish (quoted frem Kaufman F) 20011862

2% Rehder B Fin Beitrag zur hentniss der sog Rhabdomyeme des Herzens Mim
chows arch 257 174 184 1914

Sehmudt & € H & Lederer A Rhabdomsoma of the heart Marsland State
\ledical Jeurnal § 200 1956

27 S tffert Ubcr hongemtale Rhabdomyvome des Herzens Verhandl @ deutsch

path Gesellseh 3 64 6 1901

28 Stembrss ¥ 7ur heatwiss der Rhabdomyom des Herzen und threr H(zlclmngcn

Bur tubcrosen Gelurnshlerssc Virchaws Arch 283 22 28 192



119

Straus B & Merhiss B Primary tumer of heart Arch Path 33 74 78 1943

Toeteras £ Congenitalt rthabdomyom 1 hyertet Nord Aed 57 213 197

Waercinshy I Mhesmiak Prazhowanohnmoarkowy serca wepolisthicjacy z roz
leglym wrodzonvm zwloknieniern micsnia serowegn Pediatrta Polsha 33
842 1939

Winston Frans & Histological Appearances of Tumours F & S Livingstene
Ltd Edinburgh and London 1956

Wolbach § G Congenital rhabdomsyoma of the heart J lled Res f6 435-519
1907



DEPARTMENT OF MEDICAL ClfF WISTRY, USISFRSITY OF TURRL
TURRU 3, FINFAND

CORRELATION OF TENSILE STRENGTH
AND CHEMICAL COMPOSITION IN EXPERIMENTAL
GRANULOMA

By

J Virranre and ID Kurosis
Recened 24m62

The experimental granuloma has been the subject of numerous che-
nueal studies (for general refcrences see Woessner & Boucek, 1961)
but 1t has not been possible to compare directly the tonsile sirengih
of the recently formed collagenous fibres with the chemical composition
of the granulation tissue From a healing wound the granulation tissue
15 diffseult to prepare quantitatively for chemieal study from the ad-
jomnmng origmal fissue and 1t has not been possible to estimate the fensile
strength of whole pieces of experimental granulomata

The cmphasis of the present investigation was on the direet compar-
1son of the chemieal and mechanical properties of the same granulation
tissue The prneiple was to use preces of suitable implantation matenal,
whieh had bheen divided nio two halves but fived agam n origmal posts
tion with stitchies After the implantation period 1n subcutancous space
of the rat, the expcrimental granuloma could be scparated clearly from
the surrounding tissue The stitches were removed and the tensile
strength measured by drawing the two halves apart The second point
of emphasis was o study the mmcdiate pertod after waplantaten, 2e.,
the “Iag phase * hefore the collagen synthesis begins Into this methodi-
cal paper we mneluded also the effect of tmmerston of the implantation
matertals mnto solulion of soluble collagen, and into solution of carra-
geenin, which has frequently been uscd to provohe the formihon of
evpenimental granulomata (Roebertson & Schwartz, 1953)

FAXPFRIMENTAL

Anumals Wistar rats (about 100 g) were used At thrs age the necessary space for
the mplantation matcrial could be prepared with a mimal traumatization of

We ire indebled ta Prafessor Osmo Jarct for helpful cticsm of the manuscript
Ihs work forms a part of 2 program supported by U5 Department of Agriculture
Foreyn Research and Technzcal Programs Divisian W thank the Directars of
saters Oy Ltd, Valkeahoshi for the gencrosits n the preparation of the viscose

cellulose sponges
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(he sub utanc us tissue In later (xperiments it was foun{ that the age and the
eight of the an mals s mewhat influence the results The animals swere hept i
\ tc net cages usually 2 an each

Techn que of implantat on The ammals were anaesthctized with ethar The
Yared sk o v as cleaned with ethanol and about 3 ¢m long medial incision was
| oc on the hack caudally of the scapula The space between {aseia and skin (with
ubcutancous fat) was opepe! w th 1lunt en fed foreeps and twa implants were
fla ¢ | symmetrecally The e ston was ¢l sed with ster I zed entton varn

Imjlantat on mater als In the earlier exper ments  Sponcal™ sp nge (1isc s¢
(llul se) tampons (standard preces of ab ut 40 X 10 X 10 mm wet manufact ired
€ r the dental practice by Svenska Cellulosa Ab  Sundsvall Sver ge) were used
The p eces of the range 170 190 mg were used but cut 20 mm long Later we uscl
} eets of & se e celiutose ponge basella  (prepared for us by Sater: Gy 1td
Valkeah ki Finland) The salphur had Icen remosed by washing the pieces
112 hed and fimall treated w th gheeral ta foften them One cm? of dry Visella
Jonge we ghe | 74 mg The average p re size ( npen cell system™) was al ut 02
mm fiameter and the com} ncl sorface atea T the pores about 60 em”fem? sponge
M st f the rrescnt esper ments were made with  Sponcal” sponge only mn the
regranulat on cvperiments Visella sp nge was used However the Visella”
Longe was adopted t the standar? use As far we hnow the has ¢ matenial is the
am both m Sp ncal andin Visella }ut in the lalter the pore size 15 smaller
wh ch 15 an adsantage The granulat on tissue £rows 10t0 it eas Iy better than into
Sp n al tampons We appreciate the advantages of the siscose cellulose as Im
1lantat n matemal 1 1= Tather b mogenous ¢asy to cut and stiteh mert and thus
u tatJe for mechan cal and chem cal studs steralizable by drs heat of boiling and
tasily impregnable with desired s lutions

The Picces 20 X 10 X 10 mm were cut with scissors n tw  halves whch were

w0t gether W th 4 stitches They were sterst zed an bo 1 ng water § r 15 min
AL n e ha aluten (1o
Tampereen
- the cacra
ume of 09
1 wu Natisolut n lhe viscous solut on ®as clanif ed by centrifugation (70
mn 4300 rpm

In gn add tt nal eres the implanted maftmnial was s akel = b =

renranulaly oo experiment the poeces were f rst ymplanted fo

tahen ut anl the hals s Irawn agart without removing the thraugh & ‘:::\i:-’\f
VB beot the halves ¢ sether Then the halves weve sthomed 1o take (he originat
|t Bant the preecs were smglanted agan fr fart

U nule strength + 25 mea ure 1 orther 7 davs after which the

Mo surement of the tens le strength The tensil

tr11e beam halance n munal sens tw (1 g Ater e ¥ measured with a
milanted d ubl picce was suspended t

1 D br he apart The we ghl of the water wae pacodry 1abes of the implanted
tst ] mmlarhy fr m L em broad ste gx exeysed

Chentcal fetern nit 13 F v chem el g
eterminati ns
:“rl lrrl I"lsr,l[ ‘uu‘n +30 € \\rr;lxhcll anl homnn(mm;h‘: l';lm':,l::l:;gr”"l’m‘:rfﬂ
. u L full

Uagcn was gelat o zed in sutsclase (2 a{‘lln‘ ;l;;: ::n'.mm“’ in newtrel 3
1n {lered the sgh « ntered glass e e
all the ins 1 1e cellyl ¢ It w o Taste yaned
an 2 dave same ¢ Hagen (how thar 0 o Ly BER tmplanta
n the residuc and hat

RN
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Kjeldabl combustion and subscquent destillation of ammonta The collagen content
was ealculated from the hydroxsproline content determined according to Yeuman &
Logan (1950)

1h¢ samples for nucler acid determimations were stored at —15° G To 02 m) f
the tisstie homogenate (in 09 per cent MaCl) 02 mi of 10 pa cent trrchloroacetic
actd solution sas added and heated 15 min at 490° €, The spspeasion was dloted
with 2. ml of 5 per cent trichloroacctie acid The mixture was filtered and (he pre
ciprtate washed with 2 ml of 5 per went trachloroacetic acsd The ultravinlet Tpht
absorption was measured from the combimncd supernatant at 2600 & sath Bechman
DU spectrophotometer against reagent hlank solutzons The total amount of nuclee
« E AN
oxy .
lan A
tot
of
stu
i
be too lugh bcanse of the ¢rror caused by protemm impurities

o mm

RESUITS

Morpholoqueal doscription 'The paraffm hlocks wete sectioned at
10 5 and stamed with haematoxy in-cosin and Hedenhan's az i Aier
24 hrs mplantation the sponge was surtounded by a thin epsule
tstamning faantly blue with azan) and a zone of mononucleir feuhocy tes
The cells myvaded to the center of the sponge during the second day On
the third day the first elongated fibroblasts and ery throcytes werc ob
served, but distinel capillaries first on the fourth day More fibrobl wt
“islets” appeared and therr outgrow ths stained pale blue with azan The
fibrin retired gradually From the seventh day onwards the fibrobl iy
mereascd, filled the entire sponge and the azan staning turncd more
miense However, the change mn the histological structure did not clearls
reflect the abrupt merease of the tenstle strength and collagen (113 2)
Histologieal pretutes of the sponge granulomata are published 1 ollur
context (Viljanto & hwndosht 1962)

DNA, BNA and {olal nilrogen The data (Fig 1) show m agreement
with Walltamson & Guse hlbauer (1961) that 2 5 tiaes RN A 15 produced
m comparison to DN A, which latter reachcs the maximum at 7th dw
After the very first days a temporary deercase m RN A 1s noted The
tot il mtrogen mereascd earlier than collagen We bchicve that this it [l
mere s of mitrogen 1s not primarily due to mereased itracclular pro-
tem but to imbition of the picees with tissue flusd and from 3 dags on-
wards with bleod carried through the doveloping camllaries (of Jack-
son 193%)

Tenstle strangth and amount of collagen Fig 2 summanzes the re-
sults About 2 3 days after implantation there 1s a first shght mavimum
n collagen content From the Ath day onwards the man collagan syn-
thesis hegins, whieh 1 parallelled with the devdlopment of the tensile
strength

The effcel of carrageenn In Table 11t 1o shown that the sothmg of
the sponge 1 carragecmm does not have ang banefieaal offect on the



HYDROXY TENSILE
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Mi¢ O- u~ O-) RM
{ weedyeespae) and fotal nitrogen
® ) “1er picce of Sponeal
granaloma lissue
The hne are futed wisvally At the
time range 648 hrs eight granulma
preces were homogenized tigether into
one sample At later time points Lhe
granulomata from 4 § rats were e/m
hined to «ne hom genate Fach peint

Fig 2
Teasle strength (—C— with
standar I devration) and hy Iroxuproline
(- @ -@--@--) per piece of Spon
cal ~granuloma fissue
The hyvdrcvvprchine content during the
first 48 hrs 15 shown i the insert
Fach point of hydrnxy proline represents
onc hamegenate of eight granuloma
pieces fram 4 rats

represcnts one hemogenate

TABLF 1
Fffect of Catraneemn on the Tensile Strength of Granuloma Tissae

Average tenuile sirenzih g piece

LA No ol — —

i lanted tmphnts Conirol | Corrageenia | Catmeenn o,

ontrol

2 2 402 209 519

3 1 304 317 825

1 3 419 115 1033

5 3 563 39 637

7 1 524 345 813

" 2 1227 1061 818

Average 780 = 18

tensile strength of the granulition Ussue Carrazeenin accordingly acts
as 2 Torugn body only and seems not to have any speesfic shlnu‘lnhng
Ulcet on the collagenons tissue This finding 15 at vanance wath the
expeniments of Bush & Alexander (1960) who used cotton pellets aq
tmplantibion material and enchanged the granufoma formation by

LN
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soahing the mmplants with carrageemn solution With cotton pellets
we found some henefit from earrageenm 4 days after implantation en
the weight of the granulation tissue The sample of earrageenm had
heen used successfully in the production of granulomua In some ex.
periments, not deseribed in detatl, the fractions of carrageenn (preparad
according to Smith, O'Nedl & Perlin, 1955) were tried (without sponge)
and the A-fraclion was more acine than y-fraction, hut the differcnce
was not marhed
TABLL 2

Hfect of eutral Saft-Sotudic Coflagen on the Tensile Sfrength of
Frperumental Granulation Tissue

Tensile strength & piece

Implants imbibed with

Diys imphinted

Control implnts aTuble colt e
1 86 1
2 40 6t
3 17 58
5 19 [
7 ] 83

Fach figure 15 the average of three determinations The difference between the
groups 15 statistically significant (P < 0005) when tested as non independent pars

rapi 3

Tensile Strength of Feperymental Grannlation Tissue and Skin Wounds after
Prcdiminary Implantation of the Viscose Cellutose Meces

| Tensile strenqth (ghon thdn
Experdment -

tiralom v Shin wound

After 5 davs pramplantation 86 £ 19 (1) 350 = 96 (5)
Controls 18 + 25 (5) 201 * 69 (8)

The standard deviation s aindicited Number of mcasarements in the parentheses

Iffect of sotudie cotlagen and * regranadation. Tatile 2 «liow s hat he
tcnsile strength was mcercased when the mmplants hid boen impregnatcd
heforehand with «oluble rat collagen (I < 0 005) If granulation bisstie
3s prosent an the sponge alreads on the “zoro day”, the tensile strength
develops much stronger at continued implantation than wathout pre-
evsting granulation tissue (Table 3y

DISCUSSTON

T his procedurc has cortam advantiges (1) ‘The tonsile strength ean
e measured on a wedl defmed granulation tissue, which as grown in
(2) stersle condihiens 1has arranganent 1s deeidedly better for the pro-
duction of granulation tssue than open sk wounds, which are oftan

mfected and ther granulation tissue 15 not casily delimited «3) The
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volume of the granulation tissue s kept constant at least durning the
carly phase An adsntage over turpentine abseesses 1s that (:1) the
wrritation of the surroundyng trssue 1s mmmmal There 1s also a {5) pos
iinitty to mbibition of the granulation tissue with desired solutions
Howescr 1t was ohserved that the granulation tissud develops stronger
near the surfice of the sponge and therefore it 1s mmportant that the
circumiercnce of the cross sectioned arca {of contaet between the
halves) 1 constant and not too small Perhaps better resulls would be
bimned with a eross sectional area of & parallel m The standard
desiations of various groups in average § measurcments were caleulated
n per cent and these standard desialions i the tensile strengths of
Vel granulomata wese in the range of 4 8 35 4 per cent (17 groups
wnerage 22 per cent) 1 skin wounds 58 33 8 per cent (17 groups aver
1ge 24 per cent)

The origm of the collagen during the first davs 1s obscure Iither 2
cellular sourc« mas be taken nto consideration or it may be suggested
that the imbibing tissue fluid containg some soluble collagen At the
next ] hase the amonnt of collagen rather decreases dunng the prohfer
ion and maturation of the fibroblasts before the final main collagen
avnthests hegas The next step of this wnestigation 1s the elucidation
of the factors which determine the consequent details in collagen svn
thesis amino acids soluble collagens maturation te msoluble fibres
wd the bilance with 1t i tion of coll

The rather modest effect of soluble collagen could be explaned most
castls In 1 clot formation It has been found by several workers that
fibrm clot 1nside the sponge implant enchanges the formation of grann
fation tissue teg Edwards Sarmenia & Hass 1960) Thus 1t 1s pot
nceessary to consider any speetfic effect of added soluble collagen on the
formation of fihres Peacock (1961} made an extensite studs on the
effcet of the collagenous extracts on wound healing He got positine
results with acid extracted (but neutralized) collagen solutions only
He concludes that “1f collagen from external source has any opporin
mty to partiei] ite 1n the formation of new sear tissue 1t will probably
have to be introduced as a monomeric form

1 rom the Tablc 3 1t 1s obvious that when a ready granulation tissue
wjresent the g jhase before the collagen fibre formation 1s short
encd It 1s not known whether intact granulation tissue 15 necessars or
whither e homorenate would e suftetent The Saster heabing of 2

rosutured wound has |een often eited in the Literature (for general re
furenee see Wel er 1961)

SUVMVARY
The grawth of grinulation tissue into viscose cellulose sponge was

studicd with emp hasis (1) on the comy arsson of the tensile strength and

chumical compositien of the srinut e

thon tissue and (2,
1hec mmedintdy after ing Lantation on the tag
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Collagen 1 obseryad in cxperimental granulom s 1n small seale n fow
hours aftcr unplantation, and significantly from the fifth diy onw irds
The tenstle strength runs approximately parallel

Soahmng of the mplanted m iterial with soluble collagen nercased the
tensile strength of the granulation tissue Imbibttion with carrageamn
shghtly decreased the tensile strength of cellulose sponge granulomita

The total nrtrogen mn the umplanied spongcs increascd very rapedls,
presumahly through the imbibition with tissue fluids and blood Pre
fmunary data are presented on the formation of DNA and RN
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FROM THF DEPARTMFNT OF PATHOLOCY SODFRSILAHLSFT STOCKHOIM
SWEDFN (ITEAD F WAHICREN wn)

SUBCUTANFOUS GRANULOVATA
FOLLOWING INOCULATION OF INFLUFNZA VACCINE

Ry

S R Orent
Received 1313 62

During, recent vears a number of small subeutaneous lesions have
ien subnutted to the pathological laboratery at the Sodersjukhuset
for stologied examination They were all situated on the upper arms
«f otherwise hetlthy patients and revealed n charactersstic histologieal
Jicture They consistad for the greater part of selerolic, collagenous
tissue Centrally there were large acidophihe necroses which were
finely granular or nlmost completely structurcless and of a fibrinord
lihe appearance Fibnn staiming by the Weigert or Tadewig method
{roved negatine however Silver mmpregnation revealed that the retr
culin fibres were also destroyed It was thus a question of coagulation
nierosts The necroses often contained rounded hvaline bodies which
wsumed a [ ale rose colour after van Gieson stmmng Somefimes there
was il caleifieation {0 a fews cases the necroses were sparsely edged
with Nibroblasts somebimes with 4 jalisade hike arringemant whale
the surrounding connective tissue was s arsely wfiltrated with lvmpho
«ves Inother cascs the process had a fresher appcarance The connec
e Lissue wround the neeroses then contuned numerous swollen fibro
hlasts ind macrop hages and a fairly profuse nfiltration of Iymyho
«ves jTisma edlls and cosino hulic leucoestes Oceasionally groups of
forugn 1 ody gnnt eells were 1lso observed Finally in most cases there
were dense infiltribions of lvmg hoeytes 1 the boundary zone to the
surrounding £l tissue often in the form of Ivmp h follicles with cvident
rermunal centres {kig 1)

The number of subcutineous granulemata of the tvje described
which so f1r hwne been observed wmounts {0 15 from 15 jatients 6 of
these were sent to us from other hospitals 10 patients were female and
»unle The aes vanied between 18 and 64 The patients sought medieal
1hice fter noticieg + haed often paunful nodule on the upper arm
In nvanstance was thore Gither Bstalation or suf puration The nodulcs
Were exersed under loc 1l nesthesia and the healing was rapid
. .::: :\l:vk;'hxl:-“u 7::;;-{ ;;,mr n‘:r'-’c:"{:'r": le)eclll;r Statens Bahterinl giska lat rato

{ Bacterl Togs 5 4
Stabh Im £ r e r el and st m Yating intercat in this work ersaubhuset
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a) Subcutaneous granuloma excised 16 months after moculation of aluminum
oxide adsorbed nfluenza vaceime Notc finely granular necrows (top) and peripheral
Iymphocy tic infiltration with follicle formation (bottom) yan Gieson X 60

b) Subcutancous granuloma exased 12 months after inoculation of alumimum
axide absorbed influcnza vaceine Note palisade-Tihe arrangement of fibroblasts
wdging necrosis (right) van (neson X b

The position of the nodule on the outer side of the upper arm, chiefly
the left arm, gave good reason to suspeet a connection wath an nocula-
tion fsestigations rescaled that (f of the patients had been mocalated
subeutancously in the upper arm with an mfiuenza saceine In 2 cases
there had been an acute local reaction and a short time afterwards an
mduration n the same place was observed The other patients did not
notice an mduration uniil hetween 2 and 6 months after the mocula-
tion The period hetween the moculation and the exaiston of the nodule
varied hetween 4 and 18 months

In 11 cases 1t was possible to obtain information about the manu-
facture and compositton of the vaceme 9 patients had becn given
atuminum-oxide adsorbed vaccme and 2 sahine vaccine without any
adpnvant. Though this information may not be entirely reluble there
15 no doubt nevertheless that alumunmium-oxide adsorbed yaceine was

used m the majonty of cases
The histological appearance of the granulomata with large necroses
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and, 1 an early stafix, excessive widteation of eosinophilic leucocvtes
seems to ndicate an allergic erigin, for example 2 reaction to epg
albumin 1 the vaceme Intradermat shin tests with cgg albunin on
iwo patients gave negatie results, however Intradermal shin tests with
the vaceme m question also pros ed negatine Since these imvestigabons
did not give any indication as to the ongin of the granulomaty anmnl
cxpeniments were cartied out

MATFRIAL AND METHODS

1nie sectians were stained by haematoxshin eosin van Giesan s stain and the Lade
wig method

The follewing vaccines and preparatt ns were used 1n the experments

/
. . t

LoNLAINS te S us strains AZ/Asiankormosa AYPR301 anl B GL1739 51 inactnated
with foemalin and 001 per cent thiomersal
A i

3 o oude for taherators use in normal
saline with 05 per cent phenol

4 Same ss prep 3 with egg albumin adsorbed on the alurmnum.oude

5 4 suspension ¢f the same y aluminium ovide as 15 used in the ASTA vaccine
w sormal safine with the addition of gelatne and phesol 1n the same propartinns
as 1n_the vaccine

6 Gelatine and phenol in normal sabne as in prep

7 A suspension of the same y aluminium ¢ vide as in the AST4 vacemne 10 normal
saline Without any other additions

RESTLTS

A furst test series A consisted of four groups with three ammnals i
<wh group Anmimals in the two Iirst groups 4 1and A 2 were injected
subcutancottsly with aluminum oxide adsorbcd vaccine (prep 1) In
sroup A 2 the animals also had 1n intraperitoneal wyection 30 davs
Wfter the firstingecbion In group A 3 the animals recenved an injecthan
of t4h albumin advorbid on alumimom oxide iprep 1) and n group
A 4 they had 2luminium oxide with phenol (prep 3) All of the anamals
were sacriherd after 42 davs Presious imfradermal shin tests with the
ilumimum oxide adsorbed vacewme i groups A1 g A 2 had given
complclely negative results

Al six of the ammals in the two firt groups had peppereornsized
vellowssh well defined nodules in the subcutineous tisste the faseine,

of subfasertlly in the musculature 9t the site of myection Histologieal
caamsation raeaked tht the nodotes werd of o granulomatous charie-
tur They consisted of Lightls packed faicls large, ov 4 ur clongated
cells with Light foymy or granular evtoplasm and oval nuele with
3 actararn 56 2
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Fig 2
a) Subfascial granuloma in guinca pig 28 davs after inoculatron of aluminium
oxide adsorbed influcnza vaceine van Gieson X

b) Detail of a) showing macrophages and giant cells with coarsely granular evte
plasm Hacmatoxylin cosin X 470

scanty chromatin and promunent nucleoh Several mutoses were ob-
served These cells had the character of prohferating muacrophages
probably of a fibroblastic origin Oceasionally groups of foreign body
@ant cells were also observed The granulomafa confained varying
numbers of inflammatory cclls, iymphoey tes, plasma cells and cosino-
philic leucoeytes Centrally there were fairly extensive, famtly acido-
philic necroses of a finely granular structure These often contancd
larger wmorphous particles of an unknown nature The granulomal:
were surrounded by a thin layer of connective tissue Dense mnfiltra-
tions of Iymphocytes 1n the boundary zone to the surrounding tissucs
were not obsersable as they were in the human cases (g 2)

Ammals in Groups A 3 and A 4 revealed no grannlomata of this type
Instead, at the site of injection a forewgn, non statnable material was
observable presenting very sparse fibroblastic prolferation and ocea-
sional foreign body grant cells in the vicmity (Fig 3)

The sceond test series, B, consisted of five groups cach with three
anmmals Group B 1 was injectcd subcutancously with alumimiam-oxide

advorbed vacemne (prep 1) and the ammals were saerified 9, 19 and 28



Fig 3
Intrafascial lesi nin guinea pig 42 davs after injection ¢f large graned aluminium
\sde for 1ab ratory use Large and ¢ mpact clumps of fore gn matenal surrounde
by a few { hroblasts and single gant cells Haematotsln coun X 130

days after the myection All three animals revealed ty pical granulemata
The 9 dav old granuloma howeser, showed much less extensie central
necrosis than the older oncs

Group B 2 was mjected with saline vacaine (prep 2) and sacrificed
ter 42 davs These anumals showed no macroscopie lesions Histo
Yogieal exummation of the injection area, however revealed in one of
the inrmals 1 small focus of newly formed fihroblasts and Iymphocstes
superfienlly an the museutature The changes wire msigmicant and
unchareteristic and showed no tendency towards necrosis

Groups B 3 1nd B 4 were injected with a suspension of y Alummium
axude (prep s o and 7} These amumals were saensficed after 42 dass
nd 14 d s respectively All of the animals in these two groups reve iled
Bl pranulomata Amimals an group B 5 recened one injection of
sdatine ind phonel i normal saline (prep 6) and were sacnificed

fler 42 dags None of these animals revealed ans ehanges at the site
«Tngcction

DISCLSSION

The <xpenments have shown that influenza vaceme contuning alu
minum oxide njeeted subeutancousls anto guinea Py consistentiy
Tesuits i charactenstie grinutomata bl up of macrophages and with
cuntr il peerosis Saline \aceme gives no such reaction Similar granu
Lrmatr hkewsse results from the injection of 2 smmple susjension of
ey dumimem svade which s imcluded w the vaceine Thus 1t 15 ey
9
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dent that the characteristic tissue reaction 1s brought about by alum
nium-oxide and that there 1s no question of an allergic reaction to egg
albumin or fo the virus 1n the vaceine, If, howeser, ordmary Jaboratory
alumnium-oxide 15 mjected n the same way no granulomatt resnlt
and there 1» only a fairly shght foreign hody reaction The y-aluminum
oxide whieh 15 used m the vaceine differs only from the laboraton
preparation an the sizes of the particles In the preparation of the vac-
cine the objeed has heen to reduce the size of the particles m order 1o
attain the maxunum absorling surface (5, 7 13)

ine gramed alumintum-oude mjected mto the tivsues n guinea pigs
thus results i a hvely proliferation of macrophages forming a granu
lomatous leston Through disintegration of the macrophages a central
amorphous area appears consisting both of necrotic material and ol
alummium-oxide residue The granulomata yield peripherally to -
creasingly profuse fibrosis

In certan respecets the granulomata in man differs from those which
were produced in the ammal experiments This difference, howeier,
ean be explamed by the fact that i humans the process was wnvesh
gated at a [ater stage when the fibrosis had become much more pre
nounced and the macrophages for the most part had disappeared Thus
the origm 18 certamly the same, 1¢ a reaction to fine gramed Aoum
mum-oxide It 15 true that 2 of the 15 patients possibly had been in-
Jeeted with a saline vaccine, but as alreads pointed out, thrs nform?
tion 1s not entirely rehiable

In one respect, however, there 18 a notable difference between the
human granulomata and these produced n gumea pigs In man the
formation of lymphoid tissue at the periphery of the granulomata 1
hughly characteristic This reaction was completely absent m the expt-
rimental granulomata irrespectise of whether aluminum-oxide ad-
sorhed vacene or a simple suspension of alummume-oxude was uscd

During recent years many reports on mass moculations agumnst in-
fiuenza have appeared Acute local reactions are reported to be verd
common, but these are usually nuld and transient (1,2, 3, 8) On the
other hand delayed, persistent local reactions are seldom menthioned
Vacewnes of tho meomplcte Frennd s adjuyans $y pe sometunes give rise
to oferile abscesses or paraffinomac (4, 10, 11, 14) The frequency of
such reactions seems to have been less than 1 per cent and has been
reduced m recent years through the mtroduchion of increasingly pure
peeparations (17) O emulsions with gh visconity have a greater
tcndeney to produce abscesses and foreign body rcactions than ot
cmulsions with fow viscosity  Sometimes persistent focal anfiltrates
may alse ocaur following the usc of vaccines containing alummmum
phosphate (9, 10) Hunmelweit elaims that the inoculation of mice with
quch vaceines results moa tugh frequeney of steritc abscesses, but on
{he other hand thns 1 seldom the case i humans (6) The author eva-

mmed a number of mfittrates w el desclaped locally in chaldren after
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the jcetion of a trple vacaine (tetanus, diphthcrna and whooping
cough) ¢ phosphate These mfiltrates revealed a
histologieal pieture similar to the nfluenza vaccine granulomata al
though there seemed to be a more pronounced tendency towards lique-
fictton A one-ycar-old granuloma followng the noculation of alum:-
nrum oxide adsorhed nfluenza vaceine has been described by Voss &
Tolki (18) This showed a histological structure which seems to have
heen 1dentical with the one of the present cases Finally, granulomata
of 4 similar nature have been produced 1n gumnea mgs by the mjection
of wfluenza vaceine contanng alerimum-hydroxide (12)

Concerning the frequency of granulomatous lesions at the site of
myections with alumumum-oxide adsorbed nThienza vaccmes b 15
aifficult to draw any definite conclusions As far as the author knows,
there 1s no nformation about thes in the literature The fact that in
guinea pigs injections of these vacemes consistently result in granulo-
mata does not necessarily imply an equally high frequency 1 man, since
the anumals recened a mueh higher dose as compared 1o theirr weight
Likewise 1t 15 possible that the anmmals’ tissues are more sensitue
DPuring 1939 and 1960 alumunum-oxuide adsorbed influenza vaecines
were used widely i group mnoculations 1n Sweden, when many thou-
sands of peaple were moculated Thus the 15 cascs dealt with here re-
prestnt a fraction only of the tolal number On the other hand some
of these patients reported that many who had been noculated at the
swne time also had expenienced a local development of nodules, hut
they had not heen suffictently worred to seek medical ud Probably
the {requency s rot altogether as small as this, but 1t arouses no grc:;l
attention on account of the insignificant suhjective dicomiort

The granulomata i question are of a certain prachieal wnterest both
to the surgeon and to the pathologist, from the differential-diagnostic
point of view sinee the patieot often fadls to assoctate the “tymont”
::nlxl;h the smoculttion Chmenlly they eannot be distinguished from ge-

ne tumours snce they are hard and indistinetly defined Histo-
logicilly older granulomata with pronounced fibrosis can be very re-
'.'.‘,':',"f::;,f{ \rtlv«urnuhc granuloma (Fig Uh) while the fresher oncs
peaahe inflammation: So far as s hnown there has pever

bien a case of genumne tumour d
2 ea eveloming at the site of a

n ynf

M ranc imoculalion fluenza

STUMMARY

15 subcutancous lesions appe inng at the sile of nfluenza +
mjcctions have bheen investigated h\ﬁhwpatholugwa]l\ These I‘ “N;"C
o medicdd consull ition and subsequent exeision 3-18 month (‘5‘;)‘"" lul
ineculition In the majonity of the cases alulmmum-mul: 'ild t‘r] o
vseeane hod been used Tests on guinea MEs revealed that lo ‘l o
lom wtous lesions consistently resulted from njections with \:hg.xn::lcb
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ane Tlus Gissue reaction was brought about by fine-gramed y alum
nm-onde, while hirge-gramed alumimum-oxide did not result n anv
sigmficant rcaction Occasionally, semitar local lesions may be observed
following njcctions of vaccines contamning alummum phosphate To
thie pathologist the granulomata are of differential-diagnostic interest
parbicalarly on account of a sularity often manifest between these and
rirenmatic granulomata
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11 has boen danenstrated m oan carhier study that erythroleuhaenua
n the fowl ¢ in be induced as transplantation lenhaemia by tnoculating
mtravenousty chichs with intact leukaemia cells induced by virus 1n
sitro or i wino (5 7) Jtwas found that this form of leukaerma begins
1 a dissemuin ited tumour disease with no histologie signs of atag, phase
in contr st to the virus induced form of the disease which begins as a
fceal neoplastic prohiferation 1 the bone marrow, and i which the
carlicst leukaemre changes do not appear for at least 48 hours In
inothur study t6) 1t was shown that with comparable doses sith regard
to virns iransylantation lenhacmia hns a consuderably more tamd
conrse than the vires mdoced disense

Howescr ntict leuhaemea cells inoculated into the chiek might re-
It we newh formed virus nd give nise to a eontinuous virus nfoction of
the new host A« voresult vrus induced leukaemic transformation of
the host s own bone marrew cells mas occur, and the fully developed
rinsplantion loahowma might thereby be partly superceded by a
ity mdueed component The transplantabilits of ersthrolenhaemia
ndats eapacity for dissenination at different stages of development of
the dincwwe mn e studied v ascertumng the extent to which the
trwsplnted eddls arc responuble for the lenhaemie prohferation n
tr nsphinfaton fcuhacmia and the degree to wWhach it consists of a
sirns mduced autochthonous component

To «vlnte the ritio between transplanted and autochthonous eells
prosent n tonsphintation teuhemia the transplanted cells must be
Lib lcd an somc way A comentent method for wientifving the doner
Clls e pow Best s based on the €aet that the ed of the male chick
Bas b g ures of macroschromosomes whercas 1o the fomale the filth 1
unpured 412 3 9 By woculiting the fomale chich with Jenhaemia
cdis from the mate and dilferintialiy vounting the cells of cach sex
This w

¥ has Yeen vupperie S 4 a grant fr m the Swe lish Cancer Soerety
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1t1s possible to find to what extent the virus-transformed bone marros
tells of the host are involved 1n the leuhaemre mfiltration of \rious
organs The inoculation of the fomale chicks having 11 macro chromo
somes m thewr tissue cclls with male cells having 12 mcro chromosomes
may result in low values for the countcd number of transplanted cells
stee any aceidental loss of chromosomes ncurred during the prepara
tron wall tnd to give an apparent ncrease in the number of female
cells

This method was apphied 1 the present study  The ratio of trans
planted to autochthonous leuhacmia cells was determmed i the bone
marrow, which 1s the targct organ for the virus, and in the spleen
wlnch refledds the pernipheral tumour mfiltration

M1 THODS

Ihe crvthrolcakaemia virus wsed 1n the cxperments and the disease producdd
by it have been deseribed in previous papers (4 5) Over the 15 vears during which
the White Tephorn stramn uscd at thes laborators has becn applied 1 ¢xperiments
on ervthrolcuhacmia it has displaved no major variation i susceptibihits to the virus

Tcukaemia was induced 1n the chichs by intravenous inoculation of 1 ml of 2
virus preparation consisting of 1vophilized medium from culturcs of ersthroleuhae
mic bone marros diluted with the correspanding volume of nonlvophilized medium
(4) This treatment resulted in nearly 100 per cent tahes of the disease with gross
penipheral anfiltration of leuhacmia 1 7 8 davs In the final stage a group of the
chichs was treated with colchiein for chromosome analvsts (sece below and Table 1)

I euhacmic malc chichs that were to be the cell doners to the female chichs were
moculated ntravenously sn the final lenkacmie stage with about 05 ml of 2 00
per cent heparine solution (Vitrum) After 5 minutes the chicks were bled to duath
by masion of the jugular vein The blood was centrifuged for 15 minutes at 1200
rpm After pipetting off the plasma the buffy coat was washed in 70 ml Tunger s
olution and centrifuged for 10 minutes at 1000 r pm The leuhaemia cells were then
suspended 1o Renger s solutron and after counting in a Fuchs Rosenthal chamber
they were njccted intravenously i doses of 1X 10” nta 8 10 day old chicks
Aftcr 3 4 and 5 davs stamed smears of peripheral blood were made for differentral
eIl counts and a suitable number of chichs were treated with colchiein as described
blow Chock of the scx was made at autopsy and the materal from the female
chicks was treated further for chromosome analsysis

The leukacmia cells were prepared for chromosome analysis 1n the following
manncr After an intrapentoncal ingection of 01 ml of 10 pur ent alcohol to dilate
the vessels mitosts was arrested by intraperite neal ingection of 0 04 per cent Calee
mude solution (Ciha), the amount used was 011 ml tumes the hody weigh€ in grars
Iwo heurs later thrs procedure was repeated Mast of the dhucks were sacrificed 5
hurs after the last cokchiein treatment but a fow of the chicks whieh were mort
bund werce killed after only 2 4 hours

1h¢ bone marrow 0 the fomur and the upper part « f the tibia was aspirated with
1+ svringe and suspended for 9 munutes 1n 112 per eent sodmm atrate at 40° €
Ihe suspenstm was then contrafuged at 4° € at 1200 rpm £ r 2 minutes through a
mylen <deth with 2 pore size of about 28 microns Ccarse annrcaates of cclls that
would mterfure with subsequent squashing were collected o the nvlon Nilter 5o
that the scdiment remaiming aftar centrafuping consisted only of single clls and
wmall dlusters  The supernatant was pipetted off and the sediment fixed a0 a mre
Lure of cooled glacial acctic aced  absolute akahal €1 71 After storwg, for 2 hours
at 4° € the fixative was replaccd with 45 per cent acetic aod The preparation was
then stored at 4° € After pipcthing of € the acetsc aad twe dreps of the scdiment
o shidc were stained for 3 5 minutes with an equal velume of 2 per ccnt orean
c acid after which squashing was carried out in the usual manner
pared an this mannar were cxamined under a phasc contrast
1cations of 1000 and 1600 s the cells contained onls 12 readily

1n 60 per cent aceti
[he specimens pro
Mt oseope 2t magn
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ding was not pecessary and the nsk
icnlif alle macr chr m < mes wide sprea
L atcudental Toss « f chromos mes was thereby lessened Great care Was taken to
t

1yse the meta | hases wh ch appeared to be intac
n“\a\r)t:uz- of the :mﬂ\ ‘ze of the m cro chromos mes an accurate analyss of their
wumber and structare s imposuble by the usual e3¢ logrc techniques Ja ihe pre
wenl study therefore nly an approvimate count was made of them

RESULTS AND DISTUSSION

“The accuraes of the methad for distinguishing between male and fe
male leukaenun cells was examined as a separate experiment In this
the chromosome constitution was anahsed n leukaemia cells {rom
bone marrow of 5 male and % female chicks in the final stage of virus
induced leukacrmia The resulls are given in Table 1

TABIE 1
The Chromosome Const {st on of Virus Inluce [ Leubaemut Cells

of 1s wit) the o of o of
rromoseme Y amher e | ey v
S S RiEL filth.
chromo- chromo-
9 10 u 12 11 1 some some
Mate 1o | o
5% b+
B 1 1 o
T8 1 ' %
1 i S
Temate PR -
50 o
1 1 48 50
1 1 o
2 47 1 o

s the tatle shows the macro chromosome constitution of the leu
haemua cells displaved bittle dispersien about the normat 12 for males
nd 11 for females  a result that 1s 1 close agreement with the findings
of Bayrenther & Thorell (1) The occurrence of pared and unpatred
fifth macro chromosomes respectively 1n the males and females was
extremely regular In incomplete cells 1t was usually the third and
fourth chromosomes that were missing  The supernumarv macro
chromosomes werc difficult lo identifs  <ome of them were morpho
togrently sumiar to the third moacto chramasomes but most of them
were rigpardad o abnermdly large varants of micro chromosomes
$15 1 <hows the normat 11 macero chromosomes of 2 female leukaemia
wdb and s Fig 2 s seen 2 male lenhaemia cell contamning two super
numan macro-chromesomes in addition to the normal 12
" The rl« sulls of mmeculating female chicks with leukaemia cells {rom

e male are presented 1n 2
triated for ch\l-uu\u\nmlc .\“.:[‘"\ﬂ:::" !--lm"\:\l" e e emiles were

> davs after transplantation
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s poseible to Nind (o what extont the virps-transformed hone-m wrron
cells of the host are involved n the louhacmie mfilteation of sanions
organs The inoculation of the female chicks havang 11 macro chromo
somes 1 fhar tissue cells with male cells having 12 macro-chromosomes
may result n Tow valugs for the counted nitmber of transplnted cells
stee any accrdental Toss of chiromosomes meurrcd during the prepant
im[xll will tend to gine an apparent increase 1 the number of female

s

This method was apphed m the present study The ratio of trans
planted to autochthonous lenhaema cells was determuned m the bone
marrow, which s the targct organ for the virus, and m the spleen
wiyeh reffects the peripheral tnmowr nfiltration

METHODS

the ervthralcuhacmoa sirus used in the (xpttimnts and the disease produced
byt have been desembed 1n pravious papers (4 5) Over the 15 years during which
the White Teghorn stram uscd at this Jaboraters has been applied i cxperitents
on ersthroleuhacmuia it has displased no major variation 1 susceptibihty to the viens

Feuhaemia was nduced in the chichs by intravenous noculation of 1 ml «f a
virus preparation consisting of 1vophilized medium from cultures of ersthroleuhae
mu bone marrow diluted with the corresponding volume of nonlsaphitized medim
) This treatment resulted m ncarly 100 per cent tahes of the disease with gross
perpher ] mfiliration of lephacmia 1 7-8 davs In the final stage a group of the
chicks was treated with colehiein for chromosome analy<is (see below and Tatle 1)

T cukaemic male chieks that were to be the cell donors to the female chicks were
wactlated intrasvenoushy in the final leukatmie stage with about 05 ml of a 65
pee cent heparine solutzon (Vitrum) After 5 mimutes the chicks were bled to death
Iy nasion of the jugular yvan The hlood was centrifuged for 15 minuytes at 1200
1pm After pipctting off the plasma the buffy coat was Washed in 70 mt Rovnder s
alution and «enteifuged for 10 minutes at 1000 r pm The Jeuhaermia ety were then
suspended 1n Rinper s solutjon and after cotnting 1n a ! uehs Rosenthal chamber
thay were anJected ptravepousls i doses of 1X 107 anto 8 10 day old chieks
After 3 4 and 5 davs stuned smears of peripheral blood were made for differentis!
<l counts md a suitable nymber of chicks were treated with colehsemn as deseribed
below Chech of the sev Was made at antopsy and the matersal from the female
chichs was treited further for ¢hromosome analysis

The leukacmin eclls were prepared for chromosome analvsis i the following
manner After an ntrapenityncal mjechion of 91 m1 of 10 per cent alcohol tn dilate
the vesseds mitosss was arristed by antrapentones) jection of 003 per cent Colee
mide solution (Ciba)  the amount used was 001 ml times the body weight n grams
Ine hovrs later $his procedure was repeated Most of 1he thschs were sacrificed 5
hiurs after the Iast colchicin trcatment but a fow of the chicks which were mon
bund were kitled after onby 2 4 hours

Fhe bane marrow 1n the fumur and the npper part «f the 11hsa was asparated With
v sninge and wspended for ¢ minutes o 112 per cent sadism atrate at 40° ¢
Ihe susprosion was then centrifuged at 4° € at 1200 rpm for 2 minutes throush a
mvlen ddnth with a pore size of abent 28 muirons Cparse aggresstes of oddis that
weoutd mierfure with subsequent seuaslhung were wollected i the nylon filter so
that the scdinent remaming gfter contrifuptng, consisted only of singdc (ls and
snall Qosters The supernatant was prpetted off and the sehimont fixed i a mix
ture ¢ f cooled alneat acetie aad  absolute aleshol (109 After staring for 2 heurs
at 4° ¢ the fixatine was replackd with 45 per cent acetic aad The preparaty n was
then storca m $° € After tapctting off the acetic acad two drops of the sediment
on a shide were stained for 3 5 minutes with an cqunl volume of 2 per tent orcein
¢ aead after whech squashing was carried out 0 the usual msnner
pared in this mannet were examined ander a thase contrast

n €0 per cent acety
As the «cdls contained onls 12 readily

e specamens pre
micre scope at Mapmibieatins of 1000 ane 1600
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of the male leuhaema cells The groups are arranged m the table
tecarding to the degree of leuhaemic 1nfiltration in the peripheral blood
As pomted out ghove, it was impassible to differentiate between leu
haemua celts and normal immature erythrosd cells m squash prepara
tions from bone marrow, and the values for the female cells i Table 2
the refore include both normal and leuhaemya cells The found pereen-
tage of female cells 15 thus probably higher than that accounted for by
th¢ autochthonous leuhaemic proliferation, and this will hase resulted
in a relatine decrease 1n the reeorded values for the transplanted cells

TABLF 3

The € ¢ of Leal #lls anil Frythror] Cells in
the Bine Marrow of Female Chicks Inoculated with Leukaemia Cells fram the Vale

| Cells aith | Celly wan
No of cefls with thr unpopred i

chromnsome number chromo- | chromo-
ome some.

9 10 n 12 134 No *. Mo "

2 17 3 1 19 38 31 62

113 3 - 14 28 3 72

2 8 3 1 10 2 4 80

1 5 48 5 10 45 09

4 5 3 2 2 3 60 20 40

) 10 - 13 37 - 428 3% N

7 23 120 28 1 20 40 30 60

8 31 9 g0 1 10 20 0 8

5 9 14 LI I 1 20 40 30 60

10 RO mo3s 1 1 2 3 78

1 33y ! 9 12 4 9

2 1600 ) 24 B 9

As s seertin Table 2 thore was a farfy wide vamation in the percen-
tige of transplanted cells in the hone marros No 4 of the chicks exa-
witeed 3 davs after moeulation displayed intense probferation of the
trmsplanted cells in the bone-marrow No 3, which was examned after
4 divy had aldow frequency of male metapbases i the lmnc-mal:rm\
which wndic tted a poor response o transplantation (The preparah .
of the spleen frow this 2nimal was unsuceesstoly After 5 l\a\ls t\\ooont
e elucks, nos 11 and 12, showed 1ntense proliferation of the ir,
Fl‘:nl:.l cells in thc bone marrow There was bronanaced 1t ane ans

n . oavauatiow
the spleens the leukacmua o(Ji population was composed chiefly
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Fig {
Squash preparation of a fomale ervthroleshacmia «oll demonstrating the normal
composition of 11 macre chromosomes and an unpaired fifth chromosame X 3000

Fug 2

Squash preparation of r malc ersthroleul aemia eddl In addition to the 12 normal

maers «hfomosomes there are tho supcrnumars macro chromosomes Gndicated by
1) X 3000
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e of the concentration of the virus preparation A possible explana
tion of this may be that the mibial leukaemie transformation mm the
bone matrow caused by a weak virus preparation 1s too mild to produce
a demonstrablsy leuhaemic blood picture This 1s suggested by the fact
that n this form of leukacima peripheral leukaemuc infiltration does
not appear until the disease 1» far advanced in the bone marrow Through
hibiribion of sirus from existing lewhaemie tissue the rest of the marrow
mught be transformed secondanly hence the charactersstic rapid final
stape of the disease The expenments reported i the present paper may
serve as 2 madel for studving the sigmificance of re nfechion 1n the
course of virus induced leuh 12 since the transplanted tomour po

julation might he regarded as the imitial leukaemic transformabion
following inoculation with the virus and the autochthonous eclt popu

Lition corrcsponds fo cells that have teen leuhaemically changed by re
infuetion

The results mdicate that tumourouns transformation of the bone
marrow 1 virys induced leukaemia mas be due not onlv to the imtial
viris mfection but also to re infection of the bone marrow by virus ibe
rated from primarly transfornted cells

SUMMARY

The transplantation form of virus induced erythroleuhacmia has
becn examined by chromosome analysis

Female chicks were moculated wath leuhaemia cells from the male
md an 1nalssis was carried out of the chramasome constitution of
culls of hone marrow which 1s the target organ for the virus and of
cells of the spleen which reflect the peripheral infiltration

The hone marrow displaved a varvng degree of proliferation of
translanted leuhaenua cells In the spleen ihe leuhaemic celt popula
tion consisted chiefly of transplanted cells on the third and fourth day

after woculation of teansplanted cells but on the Hifth day there was
lso an autochthonous comjonunt
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of the transplanted cells (Table 3) AN but one of the lewhaemia cdls
from the spleens exammed 3 and 4 days after transpiantation had
parred fifth chromosomes After § days the feuhacrma cells were shil
manly of transplantation origin, but there was now also some mfittra
tron of autochthonous cells As far as can he judged from the chromo
some pattern n the leuhacmia cells, there had m these chicks been a
leukaemic transformation of thetr own bone-marrow cells by sirus -
fectron, and this autochibonous tumour-cell population had then heen
superimposed on the transplanted ccll popalation m the perpheral n
Itration
TARIT &

The Chromosomy Constitution of Ieuhaena € ells in the Syleen of Female Chieks
Inoculated with [ eukacmia Cells from the Male

¥y £ f 1 Cels um'; Cells :llh
£ No of cells with the unpured pured
T 5 Cmen chromasonre numl er chfpr'u':;m d%"ﬂ‘m
=EES no some some
s e
5 w " 12 3 o i o [
3 ! 1 24 1 3 23 a6
2 1 24 0 0 25 100
} 25 0 0 25 100
4 1 49 0 a 50 100
1 5 -
s 47 1 0 0 50 100
7 1 49 0 50 100
8 2 18 o 0 50 100
5 M 4 46 4 5 16 92
10 1 2 47 3 6 47 n
1 1 19 0 0 50 100
12 1 1 8 1 2 19 98

These results bear out those of carlicr research by the author 1
which 1t was found that transplantation fcukacmea has a difforent motdc
of orign (3} from, and & more rapid course (6) than, the sirusenduced
form The results also confirm the author » view th it the virus indoced
neoplastic charactcr of kouhaemia cells ean be exammncd by testing their
cap ety for producng transplantation kuhaemi in pwo (7 8§

1t has becnt shown in an carlier paper that virus infeetion teads to
the formation of multiple small ncoplastic foct 1 the bonc-marrows
I cuhacmye transformation gradually oxtepds uniyt the bone smafrow
1o cventually persaded by leuhaemice tissue (5) In the previous studnes
11 was also found that moculation of ehicks with virus preparations m
incrcasing dilution delnys the onset of the disease, as yudged from the
presence of leukacmia celts i the punpherad blood (6) Inats Inler stagt
on the other hand, the discase follows a ramd course, largely rrrespee-
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tive of the concentration of the virus preparation 4 possible explana-
tion of this may be that the mitial leukaemuc transformation 1n the
bone marrow caused by a weak virus preparation 1s too muld to produce
1 demonstrably leuhaerie blood picture This 1< suggested by the fact
thit, in this form of leuhacmua, peripheral leukaemic mfiliration does
not appear until the disease s far advanced in the bone-marrow Through
Iiheration of virus from existing leuhaemie tissue the rest of the marrow
mught be transformed secondarily, hence the characteristic ramd final
stage of the tisease The expeniments reported in the present paper may
wrie as 3 model for studying the significance of re infection 1n the
course of virus induced leukacmia, since the transplanted tumour po-
pulation mught be regarded as the imhial leuhaemice transformation
following noculation with the virus, and the autochthonous cell popu-
tation corresponds 1o cells that have been feuhaemically changed by re-
mfection
The results indicate that tumourous transformation of the bone

marrow 1 vitus-induced feukaemia may be due not only to the initnl
s1rus infection but also to re-infection of the bone-marrow by virus libe-
rated from primanly iransformed cells

ST MMARY

The transplantation form of virus-induced erythroleuhzemma has
bien examined by chromosome analysn

Female chichs were moculated with lenkaerma cells from the male
and an analysis was carried out of the chromosome constitution of
eclls of bone marrow, which 1s the target organ for the virys, and of
cdls of the spleen, which reflect the peripheral infiltration

The honeanarrow displayed a varying depree of proliferation of
trinsplinted leukaemia eclls In the spleen, the leukaemie cell popula-
tion consisted chiefls of transplanted eclls on the third and fousth day

Mfter inoculation of transplanted cells, but on the fifth day there was
s an autochthonous component
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Tagerlof B Studies of Fowl Frythroleukema Induced by Intact Cclly or Virus
2 Response Diffcrences Acta path ot micrcbiol scandinavica $9 455 166
1960

Tagerfof B In Vatre Investigations of the Virus induced Fowl Frivthroleu
kemia 3 Behaviour m Vivo of Normal Bone Marron Cells Cultinated m
Yaubro an the Presence of 1 rythrolenherma Yirus Aeda path ¢ merihin)
scandinaviea %9 467-479 1960

Tagerlof B In Vatro and 1 VY nve Imvestigations of Towl Frythroleukemia with
Special Reference to the Virus Induced Ieukemic Transformation of 10
Vitrs Cultivated Normal Bonc Marrow Cells Acta path et microbiol
scandinasica Suppl 138 1-19 1960

Newcomer I I The Mitotic Chromosomes of the Domestic Fowl J Hered
48 227 234 1957

Ponten J & Thorel! B The Histogenesis of Virus Induced Chicken Leukerma

Nat Cancer Inst 18 443 453 1997



$US DFY PATOLOGISK INSTITUT (CHEF T VFSTERDAL JDRGINSEN) .
03D RADIUMSTATIONEN (CHEF B JORGSHOI M), AMTS OG BYS SYGHIUS
anENSE DANVFWARA

EOSINOPHILE GRANULOMATOSIS

ut ungewohalicher Fall mul Veranderungen im Darm, den Iymph-
Rnoten des Mesenlerutms,
den Ovarten, un Ulerus, der Harnblase nnd 1tm Herzen

Ton
Torransrs FossaREFS
Fingegangen 2611 62

D s Auftreten yon , cosinophilen Grinulomen® sst et einer Rethe von
hrankherten dic sowohl 1m khnischen und pathologiseh anatomischen
¥ ryehenungshild, als auch wahrschemnlich in hrer atiologie schr ver-
schieden sind beschrichen worden Bewsprelswase genannt seien die
‘ philen hnochengranul hile Granul wn der Haut
und wn Dirm Penarteribis nodosa, Lymphogranulomatosis maligna
und Infestition nut gewssen Parasiten Gemeimsam st der hlstopa(ha-
logtsche Befund Gr \! to Gewehe mit b
ZennMiltration W elche Rolle die cosmophilen Zellen 1m Krankhets-
Whel spickin wot noch 1n viclen Punkien ungehlart “’eulmnn 11947y
spricht unter besenderer Be ) auf die h
iome von emem  histologischen eosinophilen Ssndrom

Dir folgende Fall erregte Aufmerhsamheit durch zahlreiche, zum

Tedt monstrose und tumorarhige , cosinophile Granulome und Infiltra-
tionon®

RRANKUFITSGFS(HICHTF

J‘fv 4abrige Frau chne hrankheiten in der Atamnesr Frit cha Do

o1 Ls Ve, St b wabersenam Brocase -
Patientin . - -
<hung wa
uhrigen (} '

Dunndarr

mutlich te
W
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TABILIT 1
Bluthar I eukozyten
Diatum ‘;‘:I"i'l‘:;‘"‘:
R MRt | oo [ Gyt (40
1959
M 17
134 24
2074 2
23/4 10400
27/4 9600 2 18 19 28 3
148 22 13180 4 62 1 19 4
26/8 35 8620 2 86 9 12 1
99 18
79 15
1619 s
13712 18
1960
JEn 4 17060 2 81 n 6
16/1 5 14220 [ 3 13
18/1 15720
o L bl (Bchandlung mit 7+ tatototica)
2271 26500
231 22300
25/1 3 28800
172 5 17000
82 4 1840
TABLITE 2
hnochenmarkpunhtur 274 1% 151 1968
H umozy toblasten 2 2%
Promyelozyten 3 7
Myelozyten 12 9e,
etamy elozyvten 5 4t
Stabkernige Seutrophilc 6 8 %
Senmentierte 36 6%
Unreifc Fosiophile 2 1::&
Reafe 1 ¢
F rythreblasten 6 10¢,
Normoblasten 5 190,
Retikulumzcllen 1 %
AMonozvten 2 2,
I ymphozy ten 10 123
g

Plasmazellen

phor normal Urm ohne Befund Benzidinprobe im Stubl 3 Wechen lang wechselad
++ und — danach — Kemne Parasitencicr im Stuhl Cristapunktur  knochenmark
mit normaler Zellendichte ketne atyprschen Zellen oder Granulome (Zellenserterd
ung Tabdlle 2) ThG Dy brat im ubrigcn normal Blutdruck 10070

Trotz Diathehandlung hiclten dic Ien Schmerzanfadle sowic der breiige
Siuhl an Die Temperatur war normal Finige Tape lany klagte dic Patentin Gher
Parasthesitn m den hnkssabinen Extromitaten Obgektive neurologische Symptome
Kaomten nicht festgestellt werden und sind auch im welteren Vcrlauf der hrankhat

micht aufgetreten
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en, ein Ausserdem Klagte die
, Juml:%:}:r:( Venostasie, beslertet son }mxem’ug‘ng‘m in s '“D'\“-;;hlﬂ“‘:r
en Diese S n iterbin micht Die Pabientin
mptome progreduerien Jedoch auch sp
‘l:‘l:;un::::e-i‘ch xl’lber nfnuucm Die abdominalen Schmerzen wurden hettiger und

minos und fettig glunzend Rectoscopie Modcrate Rétung der Schlesmhaut und

. . . .
" . )
Der
fta
De . L.
Qpers . b .
besss - - .

s

Der Stuhl enthielt kemne pathcgencn Darmbalterien. fn den hulluren wuchsen
Jredoch o120 einige holonien Candida atineans Am 2/31-1939 wurde dic Pahentin
ntlassen

Ambulante hontrofle am 1412 1959 Die Patientin Klagte uber heftiges Mautju
cken Der Stuhl war breitg Auf der Haut fanden sich zahlreiche hratzspuren lm
Abdxmen honme eln ¢a 3 X 6 em grosser Tumor unter der hinken Curvatur und e
<a pigeongrosser hnoten unmittelbar unterhalb des Umbilicus getastet werden

Im Lanfe der folgenden Wochen wuede der Stuh) wieder zunehmend flussig Aus
serdem klagte die Patientin uber starhe Mudigkeit und Hinfalligkeit sowte hart
nuckiges heftiges Hautjuchen

Am 1L 1960 err ¢t S
abigemagert und ha e
dur Haut fand mar . . .
ctwa nipshadelgros

Am 15/ then
ausgchend .
mithl ramb
aul das Ak - . .
delte

fontgenuntersuchung des Thorax ohne Befund Mamnglol 5

riten 395 Vit Phromborsfenansab normal. doon torin, 83 75 ¢ Ermio et
A4000 mm? (vermutlich sul Grund der Behandlung mit Zstotoxica) Prothrombin
A nach b Vitaminemeahe anl S8 andeigend  SeCalesom  106-19  rog 67
alk Chosphatase 142 Finh S Kalum 27 maql. Se Protern 481 Coninte
direhter Test negatn Tovoplasmosereaktion wehe schiach vty Muttspe 5 10,

W actaran 56 2
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Fig t

pos  Alkoholschmerzprovokationstest negatn Steenalmark  ittlere Zellendichte
Normoblastare 1reythropoiese hane atypischen Zellen oder Granulome (Zellonver

talung Tabelle 2)
e lctzten Wochen der hrankheit waren durch therapicreastentes Hautjuchen

peradische Abdominalsechmerzen und wissrige Durchfalle gehennzerchnet Das Ge-

wicht fiel auf 38 2 kg ab Die Temperatur war normal und ante mortem subnormal

PATHOLOGISCH ANATOMISCHI UNTIRSUCHUNGEDN

Operationspraparal Ca 1Y, m langes Dunndarmstuck mt rothehem
Peritonacum Die Darmwandung ist uberall etwas verdicht und enthalt
vicle erbsen- bis pflaumengrosse Knoten, die teils nur in der Mucost
lIiegen, teils alle Sehichten der Darmwand einnehmen In der Mitte des
Praparates befindel sich ctn ca faustgrosser, etwas pucheliger Tumor,
der die ganze Zirhumferenz des Darmes umsehhiesst Dre Schlemmhbaut
1t ubcrall von Ulzera verschiedener Grosse durchsetzt Im Beretch des
grossen Tumors 18! das Darmlumen auf cne ¢ mandaringrosse, un-
regelmassige, ulzererte Kavitat erwatert Alle Tumoren sind fest und
b sichen aus weiss-gelbhichen Gewebe Im Mesenterium bcfinden sich
mehrore, is zu wallnussgrosse Lymphhnoten mat gcdblicher Schmitt-

flache
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Hrstolo gtscle Untersuchung In allen Schmtfen finden sich die
gleichen Verandirungen doch s virnerendem Ausmass Vo die Ver
anderungen am lerchlesten smmd hegt zellenreiches Granulationsgen che
hestehend aus Fibroblasten hapllaren ausserordentlich sielen reifen
«smop hden Granulozsten cimgen Ismy hozvten und Plasmazellen un
ter intaktem Darmepathel Der Prozess scheint im ivmphatisehen Ge
swehe der Schleimhaut seinen Ausgangspunkt zu haben (Fig 2) In
anderen Ahschnilten haben sich die Veranderungen augenschemlich
watlerentwichedt und denen ssch s in dic Submucosa und Musculars
nus (ki 3) In diesen Bereichen ist die Schleymhaut wegulzerert Die
prossen hncten haben die Dasmstruhtur solliy zerstort und § estehen
ws an m zdlenreichen mehr oder weniger vashulanisierten fibrosen
Guwebe wdehes son emnigen Tvinphozsten Plasmazellen und einer
~chr grossen Anzaht cosinog haler Granulozyten durchsetzt 1st Die Blut
ptfasse sind nortnaf strukfuriert In threm Tumen bofinden sich zaht
suche cosinog hile Granulozsten Reed Sternbergsche oder Langhans
ache Ricsenzalen sind mieht gefundn worden

In den stark vergrosserten Iymphknoten sind die Strukturen mm
Grossen und Ganzen erhalten he heimzentren <ind etwas vergrossert
and i den zoatendon Yhschmitten Fdimdeon sich techt grosse helle han
e Zdlen ihdhialen Aussehens Stdlenwerse Anrhaufung von cosino
il Granulozvten In emnem des Tymphhncten befinden sich hlone
Nehriaen die tefwein von grovsen Retrhulumyellen und cinzelnen un
10
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charakteristischen Ricsenzelien des Fremdhorperchentyps umgchen
smd (g 4) Is befindet sich hier ausserdem cme hedentende Anzahl
costophtler Zellcn

I handelt sich um emen eigenartigen, proliferativen und exudatnen
Prozess von granulomatoscn bzw tuberculoidem Aufbau, mit ansser-
ordentlich starker Infiltration von cosinophilcn Granulozyten Die Ver-
anderungen entsprechen micht dem Bild, das man gewohnhcherwene
ber Ly mphogranulomatosis maligna oder anderen Formen son malig-
nen Retthulosen findet Eine besondere Variante der Lymphgranulo-
matosis maligna lasst sich jedoeh nicht mut voller Sicherhert ausschlies-
sen Ls besteht ausserdem Virdaeht auf enen allergisch hedingten Pro-
zess (Carl Jakobsen)

In der Biopsic emes Darmtumors befinden sich 2 eigentumiche,
runde, ea 35 p grosse Korperchen engelagert m das cosmophile Gra-
nulationsgewcbe Ste enthalten zahlreiche, dunnd, blauliche Korner und
emige etwas grossere, helle, stabehenartige Formation, samt cine zn-
trale eostnophile Struhtur (H-E Praparat) Die Korperchen konnlten
Parasiten ahneln (Fig 5) Ihre Natur hat sich jedoeh nicht aufklaren
lassen (J Vesterdal Jorgensen) In allen ubrigen Praparaten des Ope-
rations-und Schtionsmateriais hat man heinc dieser Korperchen finden
honnen

Seltiwnsbeschretbung Die Haut st uberall braunlich Die periferen
Lywmphknoten «mnd micht geschwollen In der Bauchhohle bhefinden sich
ca Y, 1 gelblich, Klare Flussigheit Die Darinwandungen sind fast uber-
all von s zu huhnereigrossen, mit Peritonacum bekleideten Tumoren,
glerchen Aufbaus wie im Operationspraparat, durchsetzt Dic Leher sty
abgeschen von leichter Mushatnusszerchnung, normal In der Porta
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hepatss und 1m Mesenternnn hefinden sich mchrere bis za wallnuss
grosse Teste Lymphhnoten mit geiblicher Schattflache Die Mz st
klein ohne Infultration und son fleischiger honsistens Der Uterus ist
hnap hulinerogross Dic Ruchw ind st verdicht und von emem fosten
selilichen Gewdbe inhitriert Berde Ovarnien sind zu ca apfelsingrossen
wlatten sehr fosten Tumoren umgebtldel und liegen 1n der Fos«a Doug
1wt Sie bestehen aus grwgelbhichen Gowebemassen Nieren und Ure
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teres ohne Befund Der Harnblasenfundus 1t verdicht und von graw-
gelblichen Gewebe mfiliriert Das Herz 16t hlein (8 X 6 em) In der
Wand der rechten Vorhammer befindet sich ein ea hirschherngrosser
Knoten mut dunkelroter Schnittflache Im ubrigen st das Herz ohnt
Befund Die Lungen sind, abgeschen son letehitem Emphysewm, normal
Wirbelmark normales Aussehen Gehirn ohne Befund

Histologische Untersuchung Darm und Lymphhnoten (Porta hepa-
tis)  Die Veranderungen entsprechen der obigen Beschretbung Ovar-
tumoren  Fibroses Bindogewebe mit hedeutender Infiliration epsino-
philer Granulozyten Stellenweise schemen die Veranderungen von hler-
nen, honzentrischen, sermutheh aus Reticulumyellen bestehenden Gra-
pnulomen auszugehen (F1g 6) Normales Ovargewcehe 15t nicht vorhan-
den Salpiy normal Die Ruchwand des Uterus 1st son Fibroblasten
und cosinoplilen Granulozyten infiltriert Am starhsten sid dic Ver-
andcrungen n den peniferen Sehichten des Myomeltriums Stollenwers
wind dic Gefasse ganz oder partiell thrombosiert Das Endometrium st
atroplusch Im Parametrium befinden sich einzelne mthroshopsche
Granulome gleichen Aufbaus wie oben beschrieben  Vagina normal
Harnblase Die Muscularis st von fibrosen Bindegewebe und zahirer-
(hen cosmophilen Zellen mfiltriert Die subperitonaeale Schicht 1st ver-
dteht und von cimgen hleinen Nehrosen durchsctst Die Schleimhaut
1wt intakt Rechie Vorhamimer. Der makroskopisch heschrichene Kno-
ten besteht aus granulomatosem Gewebe mit vielen cosmophilcn Granu-
lozaten Verenzelt hlemne Nehrosen, 1in ciner von thnen hiegt emne ne-
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krotische Arteriole hnochenmark (Wirbel) Maximal hyperplastiseh
mit bedentender diffuser eosmophiler Zellemvermehrung  hemne Gra
nulome Milz Normal abgesehen von luchter Fibrose und Hamoside
rose Leber Nieren und “Nebenmeren normal Fin Hautpraparat hegt
nicht vor

Bakterien Fungi saurcfeste Stabehen oder behannte Parasiten hzw
Pirasiteneter sind micht gefunden worden Die Zellen der Granulome
enthielten heme sudanophile Substanz und hessen sich nicht it van
Giesons Bindepewcebefarbung anfarben

DISKUNSTON

1 me abiclogimehe T rhlarung hat man nicht finden honnen Fine In
fchtion it Biktrien oder Pilzen hat sich micht senfizieren lassen
hurz vor dem Tode wurde ene schwach 1 ositive Tosoplnsmosercahtion
scfunden  diese muss Jedoch zwerfellos als unspezifiseh gewerte! wer
den In den T acceshulturen wuchsen anige holonten Candida alheans
Diescm Befund hann jedoch kaum Bedeutung beigemessen werden da
Candidy allieans normalerweise bet emner grossen Anzahl Menschen in
dcr Darmflory vorhommt (Sumons 1903) In emem der Darmtumoren
befanden sich zwer eigentumliche parasitahnbiche horperchen die aber
mehi o her wdentifiziert werden honnten Da e sich offenbar um emen
Finzelfund handelt st es unwahrschemlich dass die horperchen emne
I 1thogenetische Rolle gesyielt haben Die von Parasiten hervorgerufe
nen eosino] ulen Granulome sind quch hedeutend klemeren Ausmasaes
‘Wercer el al 1990 Fausf 1925 hratpers et al 1960) e Crvptocoe
cose (1 itman & Zimmerman 1996} und Cocaidioidomycose (Baum &
Schuars 1950} meimt man chenflls ausschliessen zu hennen Fine be
kannte Allergu hat micht sorgelegen

hlinisel wurde der all als Lymp hogranulomatosis miligna ange
schen

1ymy hopranol im tosis malignn hommt nur selten prumar 1m Darm
vor tJacksen & Parker 1947 Cohen & Canter 1999} Das klinische Bild

it cht typrseh The hrnkheit kann mit allgememnen Ssmptomen wie
Bieler Anoresn -

rung nheginmen *
stind Byerhelune
Nergr mseruny, di

1 w111 v nknoten tntt nich
Ellen st Hwtaussehtag beot achiet worden }‘rurlllx‘sa\?fr[l]nn:::lm::
wihnt Das Bluthild 1t uncharaklenistineh Der Alkoholsechmerzprovo-
hitninstest Gl negatin ws (Colten & Canter 1929) Pathologsseh ana
tomisch untcrscherdet man zwischen der ulzeratinen mfitrativen und
118 sen Form Die baden Ietztpenannten sind jedoch auch oft ulz(
I;ll b tlalstine & Wasdahl 1958) Die Prasecan 1 ¢ “den sich in (l;
. ' tonaren Lymph
findet man das



bekannte Bild nut Reed-Sternbergschen Zellen Cohen & Canter (1939)
heben doch hervor, dass die Diagnose auf Grund der fast immer gleich-
zeiig vorkommenden Entzundungsrcahtion erschwert werden hann

Int unserem Fall fanden sich jedoeh auch schwere Veranderungen i
den Geschlechtsorganen, der Urmnblase und mn Herzen Der hhinische
Verlauf Lisst vermuten, dass die Ovarien fruhzeitig angegnffen gewesen
sind, da unregelmassige und schwaehe Blutungen mit zu den ersien
Sy mplomen gehorten

Aus Jacksor & Parker’s (1947) Material, welches 95 Falle it Hodg
hin’s Granulom und Sarcom umfasst, geht hersor, dass Lymphograny
lomatosis mabigna sowohl primar, als auch schundar ausserordentlich
selten in den Gesehfeehtsorganen und der Urinblase auftntt Das Myo
cardrum war i hemem der Falle angegniffen

In unserent Fall fand man ene <y mptomatisehe Sprue Diese tott
auch bet anderen Krankheiten, wo emne Blochierung der Ly mphgefise
des Darms oder Mcsentermums und oder eme Zerstorung der Darm-
sehlemmhaut vorhicgl, aul (Brerkelund 1950, Sleisenger el al 1933)
Hautjuchen sst ebenfalls kein fur Lymphogranulomatosis malign spe-
7tfischies Symptom  Auffallend erschent es, dass dic Temperatur und
Bluthorperchensenkung 1m Wesenthichen normal waren und dass die
Lcber, Milz und Lungen, trotz der bedentenden Ausbreitung der Pro
zesse, micht mit angegriffen waren Das histologische Bild 1st mecht b-
piseh fur Ly mphogranulomatosts maligna Man hann jedoch nicht n}nl
voller Sicherheit die Mogichhetl, dass es sich um eme eigenartige Lr-
schemungsform dieser Krankheit handeln kann, ausschhessen

Auf Grund des histologisehen Bofundes und der fehlenden Knochen-
affektion, sicht man es als ausserst unwahrsehembich an, dass eine
Histwozytosis N (Lichenstan 1953) vorhegen honnte Line Fosmophitit
Teucacmotdes (Engbak el al 1942) meint man ansschiiessen zu honnen
und chenfalls die Krankheiten, ber denen cosinophile Granulome zt-
sammen mit emer Vasculitis aufireten wie 7z B Perarterihs nodosy,
allergiveh granulomatose Angutis (Churg & Strauss 1951), Indocar-
ditrs fibroplastica nut Bluteoswmophulie (Loffler 1936), cosmophile
Prostatagranulome (Zichards & Rubin 1958) und dic ber Kindern he-
schriebene ,,Disseuunated cosinophiiie .. Coll ygen Discasc* * (Engfeldt &
Zctterstrom 1956)

Als Krankhatsanhat werden cosmnophile Granulome i ‘Tractus -
gestorms heschrichen Sie treten entwedcr als diffuse, rohrfornmge Yer-
dic kungen oder als solitarc Knoten auf (£errier & Dams 1957 Roneian
o al 19319) Line cosmophile Portomitin han glochzang aufirdden
(Harloy ¢ al 1959 Dic Krankheit st benign und emn Ube rgrafen aufl
andre Orgwe st micht beschrichen Unser Fall kann deshalb haum m
diese Gruppe gehoren

Adams & Krans (1930) berichlen ven emnem Fall, df-r m mehreren
Punktcn dem unserigen gleweht Ber ciner 73 jahrnigen rau fanden sie

agentumbche, brs 7u huhnereigrosse, grau gelbe, stellenwarse nekro-
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tisthe, cosinophil Granutame w der Haut, den Lungen und Nieren Die
Granulome bestanden aus Fibroblasten, zahlreichen cosinophilen Gra-
aulozaten und 1w den Lungen aasserdem aus Riesenzellen Veremnzelt
\\Jr(‘!; die Gefiisse affiziert Die Patientin hatte Lungensymptome, Herz-
msuffizienz, juckenden Hautausschlag, moderate Leuhozytose und
Bluteosinophilie Line Diagnose honnic micht gestelit werden
Auch unser Fall hat sich nicht rubrizieren lassen Auf Grund des
histologischen Befundes hat man shm die morphologische Bezeichung
1 osinophite Granulomatosis” gegehen \Man vermutet, dass die Eostno-
philic als Ausdruck emer Anhgen-Antihorper-Reaktion, entweder auf
horpereigene Abbauproduhte oder en nicht erhanntes Agens, ange-
schen werden muns (Hyorthing 1938, Voorhorst 1859, Snuth 1939)

ZUSAMMENFASSUNG

1.s wird von ancm Fall mit multiplen, teilwewse monstrosen, tumor-
artigen, cosinophilen Granulomen und Infiltrationen 1m Darm, den
I ymphknoten des Mesenteriums, den Ovarien, im Uterus, in der Harn-
blase und tm Herzen berichlet Die Krankheit dauerte 11, Jahre und
war hlinieh durch Gewiehtsverlust, Menostasie, abdominale Schmer-
zen, symplomatische Sprue, Hautjueken, Leukozytose und moderate
Blutcosmophihie gekennzeschnet

Tistologisch hestanden alle Verinderungen aus emem eigenartigen,
exudatnven und prohferativen, stellenweise nekrotischen, granuloma-
tosen Gewdhe nut massiver cosinophuter Granulozytenmintration \ut
Grund dieses Befundes hat man dem Fall die Bezerchnung wEosinophile
Granulom stoms” gegeben

Dic Atologie konnte micht gehlart werden, und emme Rubrizierung
unlr behannte Kranhheten war ncht mégheh Erne ungewdhnliche

rach gyform der Lymphogr maligna Hodghin wird
craogen

Ls wird sormutet, dass die bedeutende Gewebseosnophule als Aus-
druck cmer Anhgon Antihorper-Reaktion ztt werten ser

STAMWARY

A wnnnal case of mulhiple, partly monstrous, tumorhhe,
shile granutomas wd widtiabons w S Sowd, mesenten
nodis ovarus, utcrus, urind bladder and heart 1y presented The discase

Tstedt for 1Y, saar ehcactenzed by wastimg, monostasi, abdominal
Puns svmptom e sprue, atchung, leveoey o .

. . Mosis and mod, 3 -
Pl of the blood erate cosmno

Histologically an vnusupal, prolife;
rotie,

cosino-
al Tymph-

ratine and exudatne, pa
', partly ne-
granulomatous tissue with massive miitration of cp >

" osinophahie
franuloestes was found  Accordn, !

# % to s the case has De
Lostnophibie Granulomatosis™ heen naimed
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The chiology could not be «xplamed and it was mpossible to elwssify
the discase further It has been considered 1f an unusual s el of
Hodgkin’s discase might be an explanation

‘The remarkable tissue eosmophilia 1s supposed to be the expression
of an antigcn-antibods -reaction
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ULCFR CARCINOMA OF THE STOMACH
N A 10 YEAR-BIOPSY SERIFS
A Coltow-Up Study of 19 Palients

ny

Syin Tutoro and Per WETTELAND
Raerved 31 i 62

The orggmal wmtcnton of the present study was to imestigate the
prognosts n cases wath very small early resected gastric cancers in
ciuding itral uicer careinoma and mummal, sntra-epithelial or mults
wentrie ¢ mcers with or without erostons Howeuer, the present biopsy
scries revealed the hest examples of early gastric malignanes among the
«nes of uleer carcinoma The studs was thercfore restricted to these
tumours with a spectal view to the prognoss in relation to the grade of
stomach wall infiltration Moreosver, the post operative prognosis of
gistric uleer-carcinoma seems to have attricted considerably less inter-
st thwats frequenesy even (hough many of these tumours represent
gstrie cremontas ramoved at a sars carly stage

For comparison 1t also seamed of mterest to imestigale the late post
optrative results in uleer cases without mamifest carcinoma hut with
an wrecgulr marginal antra epithehal metaplasia as this condition 1s
stated to be of possible precancerous nature (Bormana 1926)

In ganera) it may be very dhfheult to distinguish an uleerating pri-
mry ewrcinama of the stomach from one desveloping seeondanly m a
peptic uleer Peplic digestion of a carcinoma i st mas give nise to an
vrreneous wference § Watlory 1949) A possibie previous ulcer mas, on
the other uind be overprown and finalls caneeiled by a seeondary car-
Lomt These possibilities max partly explamn the wide sanation m the
Tindings rcparding the frequeney of mahgnant ehange in chrome gulne
uleers as this T boen stited by different auythors to 1ary between 1
il 100 jor eent Howerer maost recent mvstigators presume the
frequenes to by low gaung Tigures somowhere between 1 and 5 per cent

Hoyd 1961 Brown et af 1952 Dahl fnereen 18°0 ® = + =
authors h e stated their opir
wis pener iy agreed that the

senec of certun woll defined * vy i n entert

15,
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MATERIALS AND MITHODS

During, the period 1949-1958 a total of 60 823 iopsy specimens was rovened f e
histological examination at The Gade Institute including 1673 partially cr totalhs
resected stemachs with 947 cases of gastric carcinoma and 726 cases of nen malig
nant peptic uleer

A routine diagnosis of manifest or possible uleer carainoma had heen made m
50 cases These speeimens were re examined new sections usually hemng stamed
with Mucicarmin and Aleian Blue combined with PAS in addition for the differcnti
ation of epithelial versus conncetive tissuc mucin The diagnosis of ulcer carcmoma
was based upon the following criterta given by Hauser 1926

1) Histole gieal picture at hase and edne with reactive changes typieal «f chrome

peptie ulcers and

2) Tumour mfiltration at «dic of uleers but not 1n the base charactersstic +f

uleer carcinama

Doubtful cases were cxcluded from the prosent study and the «rginal material
w s therehy reduced to 19 cases of definite ulcer carcinoma and 7 cases with marked
regeneratine epithehial metaplasia at the edpe of a chronie gastric uleer

The ulcer carcinomas were not graded accordimg to atyprcal changes i the ks
but elassified in four groups according to the depth of stomach wall infiltrati »

1 Infaltration of thc mucous membrane only
I Infiltration into but not below the submucosa
HI Iafiltration involving the muscular coat also
IV Infiltration extending into or through the serous laver

Information about the patients was obtaumed from the clmial case reprts
questionarics to the patints therr rdlatives or doctors or when necessars alo
from the official death certificate Pre and post operatiy¢ information sufficient for
the present study was obtaincd in all of the 26 patients

RESUITS
I'requency of Carcinoma Devcdloping from Gastrie Uleer
The 19 cases of uleer-c wanoma observed i 726 patients wilh peplie
ulcers of the stomach gives 1 frequency of mihignnt chinge n gastne
ulcers of 25 per cent The corresponding figure for pronounced marg
nal regener itive metaplasin of non-malignant nature was calculated to
be nearly 1.0 per cent (7 eases)

TABIE 1
Leveans according ta 1 e and Sex

\o of | \verage age le .
Lesion (vears) atope | Milcy MLr o
cases | (OO <ml‘:.',ﬂ maley
€07
Lleer caraanma 19 (28 77 12 7 171
196
1 leer metaplasia 7 (40 58) 5 2 251

Irequency According lo Age and Sea

Table 1 shows that the average age at opcration was 60 7 vears for

patients swith uleer earcmom, 1nd 48 6 years for thosc with bengn
ot thn

gastric uleers showing m whed regeneratine metaplen
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voungest patient (28 years) and the cldest (77 years) belonged to the
malignant group The sex ratio of males to females was calculated to he
17 110 cases of ulcer-carcinoma, and 25.1 m those with bemgn ulcer
with mrhed metaplasia

Ssymptoms and Signs

Four of the 19 patients with ulcer-carcinoma had suffered dyspeptic
«wmptoms for less than one year, while 9 had an uleer history of more
than 10 ycars (Table 2) Two of the 7 patients with ulcer-metaplasia
had had djspeptie symptoms for Jess than one year, and twe for more
than 10 years

TABLE 2
Duratran of lcer Kastory (Prepious fo Operation)

Ucercarcinoma | Ulcermetaplasia
Dy<pepue sy mptoos wr | et

1T ess than 6 months
612

1 2years
24 .

[PYRpROpTy Y
YT

110
More than 10

At the time of aperation, anaemia and a gh erythrocyte sedimen-
tation rate were unusual signs in the patients with ulcer-carcinoma In
17 casts examined hacmatologieally, only two revealed haemoglobwn
tevdds below 75 per eent Among those with ulcer-metaplasia the haemo-
glolnn value was 70 per cent n one ease only, the others were normal

The erythroeyte sedimentation rale had heen miestigated befove
opcration in 14 patients with uleer-carcinoma It was slightly clevated
n 7 cases, but 1n all below 30 mm per hour Only one case of bemgn
nlcer with metaplasia showed a rate slightly ahove the other six, which
ware all withnn the normatl range

Oceult Blood was present in the facces i @ out of the 14 cases of
mahgnant discase that were exammed, and 1n one of s1¢ ¢ases of uleer-
wetaplasia

¥roe hyidrochloric acit in the gasteic jusce had been determined m 13
cases of yleer-carcinoma Achlorhydnia was found 1n one case only,
while the other 12 showed values hetween 10 and 50 ml N/10 alkal per
100 m gastrie flwd the majonty above 23 This myesuigation had heen
purformed i only three cases of peptic uleer with metaplasia, ine of
these ravealad the presenee of free acid, and the third achlorhydria

Indications for Gasiric Resection

These are given i Table 3 1t should be noted th
N at malignant
was suspeeted hefore opetation 1 | gnant discase

2 of the 19 cases Malignancy was
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not suspected radiologieally 1 7 of these 12 cases, but the chimeal conrse
flm'llw(l suspicion Mahgnant disease could not he excluded hefore op
ration m one case of ulcer-metaplasia, vwhife the other six gave no chm
eal suspicion of malignancy

TABLF 3
Indieations for Gasirie Rescction

it J Ueep caelnom: [ Uepmearin

Gastrre tomonr 4
\Malignant disease syspected 9
No effcct of dict, Tong history 5
Retention 1
Haemorrhage 1
Perforation

Pyt

[

Localizalion of Lestons

As shown 1 Table 4, fhe carcmomalous uleers Were approvmately
cvenly distributed between the ksser cursature and the pre-pylone
region, and the bemign uleers with melaplasia showed about the suh
relative distribution Only one uleer-carcmaoma was found on the greater
curvature, no festons were ¢neountercd m the fundic region

IABLI 4
Localizatton of Gustric I estons
Ulcer-c iremnoma Uleermet plas
Region Al
Ao N ~o | N
Pre mlori 8 421 3 4;":
Tesser curvaturg 10 526 4 5
Corpus { Greater 1 53 0o
Tundus 0 00 [ o0
Total 19 1000 7 1000

Histologtcal Grading

The benign ulcers wath metaplasia were not graded according to their
extent, only those with pronounccd metaplastre changes were ny estig-
rted tFig 1) The distribution of the malignant ulecrs according to the
depth of stomach wall infiltration 15 grven in Table § The fittration
was hmted to the mucous membrane m four eases only (grade [}, but
did not extend below the submucosa m ten patwnts (grade 1, g 2)
Infiltration of the deeper layers was observed in five cases (grade 1,
Tig 3 geade IV) Histologieal investigation revealed spread o the re-
gional [ymph nodes m three eases, belonging to groups 1, 111 and .

respectively
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Male 40 vears

Llundolar by perplasia without infiltrstion at the édge nf a chrome prepylone uleer
Intermigtent ulcer histors for 25 years malignancy not suspecled Alive 5 years after
rectian shght svmptoms < f retention ~ No 2337/56 (H F ¥ 4%

Marked regeneratine metaplasia swith papillomatous growth and

Post-Operative Prognosts

In Table 5 the deaths from ulcer-carcinoma are plotted in relation to
time and histotogreal grade of fumour infiltration Regarding the three
¢ 1ses helonging to groups 11, HI and IV with metastases to regional
Ivmph nodes, thoe patients sursined operation by 2 and 3 years and
fess than 2 months, respectinedy

Your of the 19 patrents died within cight weeks of gastrie resection,
Ino from grade IV tumours with metastases 3 and 8 weehs after opera-
ton, and two from post-opcrative complications {anuria, pulmonary
thneess) Tand 6 wechs after resechion (grade I and 1, respectively )
The rem nning, 15 pattents alt sunned foe the fiest yeas The four pati-
ents with grade | tumours all sursived for ive years except for one, who
died i the Afth vear after operition fram maligaant hy pertension with
termmmat cerchral hemorrhage and without elimeal evidence of malgn.

s sl yuas cklaat g e byears (4, 1, 1), one 4 years, (1n
md onc 3 sears (1) afler aperation As 9 of the 10 patints were aline
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Male 74 years - Ulcer carcmnoma grade IT (lesser curature)
Uleer history for 3 ¢ vears malignancy stronghy suspeeted hefore operation 3Ine
without evidence of recurrence or metastases 5% years after gastric resech 1t
No 6238/55 (I T X 90)

3 years after resection, the present miterial shows a 3-3ear sunvnl
rite of 47 4 per cent for ulcer-c wreinom of the stomach (Fig 4)

It 1s not yet possiblc to determine exactly the 4- and 5 vear surinal
rates for the total material It 1» known that four patients are still alne

TABLE &
Deaths from Ulcer carcinama according to Time and Grale of Tumonr Infiltration

| Denths(no  foperated cases groupe 1series)

Time after operat n RPN — —_
I u n i Al g roups
] 4 (10 @ 2 a9
0 2 months 1 1* 2 4
2m 1 vear
1 2 years 1 1
23 3 2 5
34 1 1
{45 1§ 1 2
3 year morta
lts {per cent) 0 50 100 100 52C

* Deaths from post operatine complications
§ Ulcer carcinoma not related to cause «f death



Fig 3

Ulcer carcinoma grade 1 (Jesser curvature)

Ulecr istors far 14 years Malignancy susbeeted radsologically but not at epers
tien Died fram metastases 2% ycars after gastric resection o 3633/56 (1 F X 70)

Male 56 sears

3 vears after operation, and two other patients are also abive and with-
out evnidence of recurrence or metastases more than 3 (1) and 4 (1D
wars respectisely, after gastric resection When these two patients and
the one whe died in the fifth post-operative ycar from malignant hy per-
tenston are excluded, the 5-year-sursnal rate 1s 250 per cent (Fig 4)

It should be notcd, honever, that the outlook depends markediy upsn
tht grade of ttmeur midiration at the Lume of tesechion: Ax wall he setn
fromt Table %, the 3 vear survival rate was 100 per cent for patients with
grade  tumours, 50 per cent in group 11 and 0 per cent 10 cases with
grade 111 1nd IV carcinomas

The «even patients with pronounced emthebal metaplasia were all
alive and sithout symptoms ind sagns of malignant disease when the

present investigation was terminated one 6 years, three 5 years, one
vears and two 3 vears after operation

DIscUsSStoN

Tha observid frequency of gaslrie ulcers undergoing malignant

change €23 per cent) 15 m agrecment with the prevailing opnmon that
whignant transformtion i chronic gastric ulcers 1s uncommon

As the tot Rt eirenmference of gasinic nlcers had not been iny cshigated
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. Fig 2
Male, 74 years  Ulcer-carcinoma grade I1 (lesser curvature)
Ulcer histors for 3 4 vears malignancey strongly suspected before operation ilne
without evidence of recurrence or metastases 5% vears after gastric resccfion
No 6298/55 (H F X 90)

3 years after resection, the present matenial shows a 3-year suranal
rate of 47 4 per cent for ulcer-carcinoma of the stomach (Fig 4)

1t 15 not yet possible to determime exaetly the 4- and 5-ycar sursindf
rates for the total material It 1s known thit four paticnts are still aline

TABIT &
Deaths from Ulcer carctnoma according fo Time and Grade of Tumour Infiltration

| Deaths (no of operated cases groupedserlesh

Time after operaticn — —
1 n il n il groupt
‘ i) [ U] i2) (19)
0 2 months 1 1 2 4
2m 1 vear -
12 years 1 t
23 - 1 2 5
34 1 1
45 1§ 1 2
3 year morta
Ity (per cent) 0 50 100 100 526

* Deaths from post operative compheations
§ Ulcer carcinoma not related to cause of death
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tustological tagnoss of a chrone aleer as the starting point for the
gastric earcinoma

The chmeal laboratory tyestigabions did not suggest any peeuliars-
ties concerning uleer-carcinoma of the stomach It 1s well known that
free hydrochloric acid may be present i the gastric Juiee 1 casts of
malgnant dwsease of the stomach {Marshall) Tn the present senes,
however, normal acidity was found more frequently than 15 usual 1
cases of gasinc careimoma, thus indicating a conpexion with the ulcer-
disease Others have made the same observations in patients with ma-
Iignant uleers, but the diagnostic criteria were not wdenhical with these
used 1n the present study (EAstrom 1952)

The results of the pre-operatnne radiological examination in the pre-
went cases are o accardance with those of other imestigators Among
65 mabgnant ulcers (primaries as well as uleer-carainomas) a diagno-
sy of 5 v Was made i Hly 1 one and suspeeted n 37
cases only (Marshall) Repeated x-ray examinations scem to be neces-
sary for a possshle carly disgnosis of gastric ulcer-carcinoma  As
mahignancy was suspected 1n only 7 of the 19 resected stomachs at the
time of the macroscopic (xamination, 1t is abvious that the diagnosss
muyght he extremely diffieult to exclude radwlogically

At the present tune there seems o be no completely reluable elimueal.
brochemieal, or ratiologieal data to distingmish a hegimming uleer carc-
noma from a bemgn ulcer Examinatiens of gastric estology had not
been earnied out on the present material, but n recent years thie
method has proved most useful i the detection of small tumours and
surface carcinomas In 258 cases of verified gastric careinoma and 264
cases of peptic ulceration studied by Schade (18601 a total of 18 dvag-
nostic errors occurred, namely 6 false negatives in the cancer group and
13 false posstives 1n the uleer group Therefore, gastric cxtology yields
an overall diagnostie accuracy of 96 4 per cent (Schade)

In the present matenal the malignant ulcers were approvimately
(qually distributed in the pre-pylorie region and ajong the lesser curva
lurc Our material s rather too limited to afford rehable conclusions,
but the regronal distribution indicates that wieers w the pre-pylone
rigion seem to hecome malignant more frequently than those situated
an the lessef cunvature It must bie borae wn mind that the majonty of
b n\u:n ulecrs are located in the last-mentioned area (Boyd) ;
r\:].;:nﬂ:h;:n:\; ;::'qiv,x“c\lgt‘\: i:::]\:\':rnumcmum restricted at s mier-

gastric rescetion for ulcer-carci-
nom with thoce for pnimary tumour Eher & Efshind found a 3 year
survial rate of approvimately 33 per cent and a 5 year rate of 259 per
cent an 1025 cases of partally or totally nvctﬂi gastric carcinoma
‘,’,rl‘[‘mm el al (195%) reported a 3- and 5:},“_“1““.‘,‘ rate of 359 and
222 per ecnt, respuetinely, among 61 eases of ungraded ulcer-carainoma

Botl cates were slightly more unfay vurable th;
same authors among 422

an those obsersed by the
cases of primary gastric cancer
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Post-operative Survival

Per cent 15 19%/Cagen of
survival

Yilcer-Carcinoma
100.0

b4
38,9

25.0

1 2 3 b 5
Years after operation
Fig 3
X) Obstryahion time anly 1 and 4 vears for %o patients (hoth without evidence of
recurrence or metastases) The 4 searwsurvinal rate 1~ consequently based upon 13
overated casts the S-vear rate upon 16 a thord patient also being excluded (died 1
the fifth vcar but from a cause unrelated to ulcer carcinoma)

routinely, however, 1t seems possible that some imtal ulcer-carcinomis
may hayve escaped detection In some instances far adsanced earcinom?s
might also have overgrown the ongmal uleer, and thus made 1t 1mpos:
sthle to determine the sequence of eyents The ohserved frequency of
ulcer-carcmoma should, therefore, he regarded as a mmimum figure
Gastrie uleers usually occur hefore the age of fifty, while most earet-
nomas of the stomach are dugnosed m piients between fufty and
seventy years of age In the prosent serses the transformation of bemign
1o malignant ulcers was chiefly lumted to patients of advanced years
but was aloo observed i patients helow 30 years of age The eafeulated
sex rato of 17 males to 1 female demonstrates the nsual predopnunance
of the male sex generally observed in gastre ulcer and cancer series
(Boyd, Brown Discher & Hazard, Eher & Efskand 1960 Grimstoed! &
Waaler 1058, Laliey & Marshall 1950, Varshall 1973)
ElLer & Efshurd and Lahey & Marshall found the duration of dvspgr
o1a to be less than one year in 60 70 per cent of patients with gastne
shorter than one year was recorded

cincer In our materal « hustory
50 per cent of the pitients had had

only 1 four cases (21 per cent)
uleer symptoms for more than 10 jears, thus supporting ehmieally the
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wrface carcinomis, and 1 advocated as the method of choce for
dciection of the early eases

tor comparison with ulcer-carcinoma, the material 2lso wmcluded 7
cwes with marked cpithelial, regenerative metaplasia at the edge of
chronie, benign gastrie uleers The aserage age in these cases was 49 6
v ars at operation, and the sex ralio 25 males 1o 1 female Malignaney
w18 suspected previous to operition n one ease only  All patients were
atnve 1nd without evidence of malignant disease when ihe present in-
vestigition was terminated 3 6 years after gastric resection had been
purformed
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In the present study the average 3-year-survnval rate amounted fo
47 4 per cent, and the corresponding S-year-rafe was caleulafed fo he
250 per cent The shghtly more favourable 3-3ear-outiook observed
may mdcate a possible slower mitial growth of uleer carcinoma com
pared wath primary tumour However, the mverage late post-operatne
prognosts does not seem Lo be better for cases of mahgnant uleers thin
for those of primary gasirie cancers, hut the outlooh mn a gnen ce
seems lo depend largely upon the histological grade of tumour mfiltny
tion at the hime of gastric reseclion

The relalively favourable outlook 1 uleer-carcinomas removed earlt
should be borne i nund 1 cases of gastric ulcers which do not heal
properly durmg medieal treatment According to Mallory 1l 1 parlicy
larly important that uleers in the pre-pylorie region should he resceled
carly, and the same conclusion should be drawn from the present study

It must he mentioned that recent mvestigators have stated that palt
enls treated with parfial gastrectomy for non-mahgnant uleers of the
stomach show an ncreased tendeney fo develop a carcmoma of e
gastric stump later on (Helstngen & Hillestad 1956) Howover, (s
might he due to unhnown factors connceted with the peptic wer
divease, and not necessartly to the gastric operatian per se Anyhow,
resechion should not be omijtted when 1t 1s difficult to exefude the pre
senee of a mahgnant gastrie uleer

STMMARY AND CONCTITSIONS

In the present 10 year-hopsy series the ohserved frequeney of gastne
wleers undergoing mahgnant change was 2 5 per cent (19 of 726 peplic
ulcers of the stomach)

The mahgnant ulcers were predonmunantly observed m patients pt
fifty, on an average 60 7 years of age at operation, and the sex rahio was
17 males to 1 female

Mahgnanes was suspeetcd hefore eperation 12 of the 19 cases, but
radologically m five only Pree hydrochlorie aeid was found more fre-
quentls than 1s usual 1 eases of primary gastric cancer

The 19 patrcnts were exanuned from 3 to § years or more after gastoe
resection The average total d-year-surivval rate amounted to 47 4 pet
«ent The corresponding 3-vear-ratc could not 3l be dctermined
cxaetls for the whole materal Caleulated from the avaulable data at
present, however, the 5-year-survival rate was found to e 25 0 per cent
Thus, the average late post-operaline prognosis seemed to he the same
as reported m large series of resected primars gastric cancers However
the yragnosts W the present study was deeidedly more fvourable
casts where the fumour mfiltration had not extended helow the sub-

mucosa than n those with mfiltration of the deeper layers at the tinn
of operation
Gastne extolegs has proy ed most accurate for the diagnosis of smatt
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I Alessandro & Del Carpio (1928) employed sodium desoxycholate
trertment of Reiter treponemes followed by precipitation vath trichlo
roacelic acid and elhancl They considered that the substanee 15olated
was 1 hpog olysaccharide which possessed antigemc properties i aque
ous solution as the hipopolveaccharide was capable of ncluding the
production of antibodies on 1njection into rabbits 1n contrast to the
1 Mysacchinde prepared earlier which was a haptene However thean
tihen also reacted with human syplulitic sera in completement fixation
roictions 176 out of 80 were positrie) This apparent inconsistency with
the presiousls 1solated polysaccharides 15 dealt w ith further mn the dis
cussion

Pallof et al (1960) disintegrated Reiter treponemes by ultrasome vt
i rations extracted lipid with hutanol and cther and precypmtated protein
at pll 30 Theolvsacchande remamed n solution with a concentration
of 3 mg per ml The polysacchande could also be 1volated from the hpid
«xtracted treponemes by digesting the protewn fraction suth papain
Used 1 a comy lement fixation test with rabbit anti Reiter serum the
polysacchande reacted 1 a dilution of 1 320 (serum diution 1 20)
Therc was no actisity with a greater serum dilution (1 200) althongh
an intigen consibing of treponemes disintegrated by ultrasonic vibra
tions and with a drs weight content of 23 mg per ml was active at this
serum dilution No rexctinits could he demonstrated with human sspha
titic serum erther in a comj lement fixation test or hs agar precipitation

D¢ Bruyn 11961) showed that the Roter protein antigen lost ats re
actinity with syphilitic sera on heating to 100° C for 30 mnutes hut
reluned its ability to react with the rabbit anti Reiter sera

Bs traating the Reder protein antigen with teypsin for four davs and
trecipitating wath ethanol & thermostable cubstance was 1solated which
gueajositive inthrone fest A substance of polysaccharide nature was
thus demonstrible i the Retter proten intigen This polssaccharide
was readne Wilh the riblat i Bater serum also after heating but
raietiity of « thermolabile com) onent was found 1n low dilutions be
fere heating, This component was considered 1o be a iyl The Retter
tregoneme [ olvsaccharide was non reacfive with most of the syphilibie
seryexumined but raactive with the rabit apty Reter protemn anfigen
serum This as asenbed to a difference in the polvsacchande fraction
batwaen Roster trcponeimes and 1 athopemic Treponema pallidum A
sumlar difference conld be demonstraied botween Regter tre onemes

nd Teepenema ~iel erae recently cultured from mud by 3 eldhamp
rDe Bruyn 1961)

MATERIAL AND WFETHODS



TROM STATENS SERUMINSTITUT, TREPONFAATOSES DEPARTMFNT
COPENTAGEN, DESVARR

STUDIES ON THE ANTIGENIC STRUCTURE
OF TREPONEMA PALLIDUM

2 Isolalion and Purification of Polysaccharudes from Reiler s
A pathogenic Strain

Ny

A Heis Canistiassis
Beooned sl

In a prevtous paper {Chrishansen 1960) on an antigen of polysaeche
ride nature from Treponema pallidum (Nichols), 1t was suggested thl
an antigen satisfy g the basie requirements of specificity might 1o fact
be found in the treponemal polysaccharyde fraction The prclimmary ex
periments were encouraging, but a considerable guantity of nraternaf
would he ncecssary 1o work out a switable method of rsolatg the trep-
onemal polysacchandes and preparmng them i a pure state As 18 well
known, pathogente treponemes cannot be cultured wr pitro and thus the
avaslable material 1s strictly hmited It was therefore decided to use the
Reiter tecponames as a model for the pathogenic orgamsms, uniil the
method was fully workad out

The present study deals with the wsolation of polysaccharides from
the Retter treponemes and with some of their chenueal properties De-
tails of the serelogical rosults obtamed wall be published Iater

PRINVIOGUS STUDITS

D Alessandro e al (1949) treated Reiter treponcmes with 2 N NaOt
fosr 24 faurs, added drichloroacetic acid untd aeutodization, and fariher
trichloroacetic aeid to a final coneentration of 5 per cent The preaipi-
tate was ramoscd by centrifugation After adding 4 volumes of cthanol
to the supcrnatant, a preapitate was agan produced, which when dis-
solved i sahine (8 mg per ml) and uscd as anbigen 1 a complement-
fixation tost, reacted wath rabhit anti-Retter sera With undiluted serum,
a strong positine reaction was obtamed using an antigen dilution of
1 10,200 The antigen was also able to precymtate antibody, remarkahiy
cnough m an even greater dilution (1 3060,000) The antigen did not
reqct with human syphibtic sera In view of the thermostable nature of
the antigen and 1fs reaction witl a=naphthole, the substance 1solated was

considired to he a polysaccharide

The study was supported By a grant from P £ ar] Petersen s Fonndation
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For the scrolosical myestigation scra were used from rabbits immumzed with o
suspension of lyophilized Retter treponemes The densits of the SUSDCASION Was tnice
the mternational Coli standard 8 Immunization was made by frve mtrasenous 1n
Jections at intervals of 3 4 davs 1 5 to D Al lro s tech {19:%)

The method of extraction 1s based on the principles quoted by Vorgan & Partrilje
(1941) and 1n partrenlar by Westphal ef al (1952) When hacteria are treated with 1
mixture of bhenol and water the protein is dissolved 1n the phenol and the polvsac
charide 1n the aqueous phase The principle of the method has been found applieable
to trcponemes but 1t has been necessars to introduce a number of modifications
Fatraction and precipitation unless othervise stated were dotie at +4° ¢ and with
fluids at this temperature

PROCFDURL

Ihe Bvophilized treponomes are pulverized in an agate mortar and the hpud
tracted sath a mixture of cqual parts cther and acetone appraxmmately 200 ml per g
treponemes undcr magnetic stirring at room temperature for ene hour The ether
acctone mixture 15 then decantcd and the insoluble residuc washed with a hitle fresh
cthor acctone mixture which 1s also decanted The ipid fraction 1s obtained by va
poration After air drving the 1nsoluble residuc at room temperature 1t 1s cooled at
+4° Cand water 1s used per §
treponemes 22 g of phenol and
6 g of water the concentration
of phenol becomes about 50 per cent and the suspension 15 ¢xposed to vigorous me
chanical mixing at 6000 rpm for one hour at +4° C 1in a mixer of the Varng
blendor type If the suspension hecomes $arm mixing 15 interrupted and the su
spensinn cogled to +4° ¢ It 1s centrifuged (M S F High Speed 17 Centrifuge with
refrigeration) at 20 000 G for 2> minutes whereby the phases are separated 1nto an
upper aqueous phase a lower phenol phase and hetween these a white undissolsed
laver together with coarser debris at the bottam The aqucous phase H O{1) s 1¢
moted by using a record ssringe with a coarse needle so that none of the boundars
Taver 1s included This H_0(1) 1s dialvsed against running tap water until the FeCly
test for phenol 1s megatine (approxamatedy 48 hours) and then agamst distilled
water approximately 30 I until the BaCls test for sulphate and carbonate 3 nega
tine which tal ¢s about six hours if magnetic stirrng 1s used in the dialysis bath 1f
96 pcr cent or absolute ethanol 1s then added to the H O(1) to ginve a o memraul n
of 50 per cent a white precipitate develaps which consists of nuclei aod and polv
saccharide

After the H.O(1) 1s removed by the syringc the needle 1s mserted through the
white boundarsy laver and as much as possible of the phenol solution is suched up
and discarded four hundred ml of distilled water 3s then added to the white lava
and the dehris 1 the bottom of the tubc  this 1s extracted m the blendor for 2 full
hour with pauses if the temperiture rises After ¢xtraction the suspension is unmh
fuged at 20 000 ( for 36 minutes The sediment iy rather fine and filtration througl
hard paper mav be Decessary t¢ ramove 1t completels The supernatant ll_O(?)vl(s
dialvsed 10 the same was as H O(1) and then concentrated under vacuum at 45
to about 1/5 of the original volume centrifuged at 20000 G and a shght amaunt «f
undissolycd material discarded After additien «f ethanol to 50 per cent concentra
t n a preapitate forms which sediments on centrifugation H 0(2) T'th 50 More
(thanotl 15 wded to the supernatant from this t 66 per cent and the resulting prcl
apmitate H 0(2) Lth 66 scdiments casily by centrifugation [ nally ethanol 1s addthl
1o the supernatant from this to 75 per cent whercafter the preeipitate H_0(2) Ft
75 13 sedimented by (clnlrxf‘:ugnh‘nn Ahflcr vaporation P?nh":'l;" ]f"ﬂ‘sa“(},:na‘:fh‘dr

rial 15 fcund 10 the supernatant which therefore s dise
other anbgee mute ! O(1) Fth 50 H_O(2) kth 50 H 012)
1anol and finally with ether to remove
they cap be transferred to ampeules
t¢ acad and polssaccharsde whije H O

ek el 43 L g v “
e t means of ultrasonic
statrve v1cdd o f pols

d was discontinued

e
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with ethanal they are {resumat b either beund ¢ gether an a ¢ mp):x] }nrre:llv:’r:‘n:
#1pr simately the same s Jalal 1y ratl Ulberty & Heilelberger (1348) used fractio
natl n with is f¢ panol in the £ 11§ scparate pneum s weal polysaccharide from
ouclele acld and the meth «* was &l f un¥ apylicable here An amount of 23 mg
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Scheirte 2
Separation of nudlei acid from polvsaccharide

H Gty Ftho o0 25 mg

dissolved in 3N NACL +aprop anol 1o 25 er cunt
Supermtant. Precipitate 1
+ T thanol to 50 per cent
Supernat int Precy itate 2
DBialvars oxeenight
T saporation to 1,0 vol
Jthanol 1o 50 j er cent

Supcrial’ml Preeigttate 3

I thanel to 81 per cent

Suj ernatant disearded Preeiitate 4
of the H20(1) Fth 50 precrpitate was dissolved in 45 ml of 3 \ \a(1 and 1sopropanl
added to 25 per cent at +4° € This resulted 1n a precipitation of most of the nuclere
acid The remamder of the nuddeic ad was preapitated by adding ethane) to 50 per
ctnt The polysaccharide was not preapitated  After dralysis to remove Na(l an
concentration in tacio the addition of ethanal to give 50 per cent precpitated 2
slight

acid
cthan

Analytical Mcthods

Polysacchartde was damonstrated by the ant
hexoses Two ml of the reagent a 02 per cent
H»$0y 1s mixed with 1 mli of the sample Aftcr
trophotometer (Zeiss or Bachmann) at 620 mx
Demonstration of protan was carried out by Lowry s method (Lowry et al 191,
v s which contain tyrosine and tryp
phenol reagent n the presence o
i1n a spectrophatometer at 750 ms
mplc (dey matter) per ml of water
t 260 ms# Determination of type ¢
nol test for pentoses according I

nuclele aud Ay Vo
ad DNA by the diphenylamne reaction for desoxsribose (Duche

n
Ihsche (1937) a
1930)

Serofoqical Wethods

The 1olated fractions were examined 1n the ecmplement fixation tost usng the
techmique described previously (Christianscn 1960) with 18 hours complement fit
ation 1n the cold Onc mg of antigen was dissalsed in 1 ml of water and the antigen

lations prepared from these stock solutions
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RESULTS

With the method of extraction used, there 15 a quantitative yreld of
polysaccharide 1n the aqueous phases H:0(1), and H:0(2), while the
protein 1s found partly in the phenol phase and partly tn the undissolyved
houndary layer (Table 1) The analyses were performed after the phenol
had heen removed by dialsas

TsBIF 1
Qualitative Framnalton of the two Aqueons Phases and the Undissolved Resdue
Sampte
Tt i | Tndin |
-ty noy solhved Conclusion
residue |

Fln - - - N phennl present

Falin Cioealteux — + Protiin present i residue

Anthrane + + - All the poly saccharide

in the aqueous phases
TABLF 2
Surney of the Coarser Chemical Ce of the Samples ("
Polysaccharude
Vedae a {
Fraction FEasrt Bae | protem | iy ‘ ma Residuz
neight
!

1 0013 Tth 50 a0 e 14 + - 7
WO bR A 13 510 acr ¥ = s
12002 Fih 66 12 37¢ traces -~ - 53¢
H-0(2) Fth 75 07 preseat®  traces —~

“ The vield was ton small for quantitatne determination

*

TABIE 3
Surpey of the { oatzer € hemical Composition of the Sam,
ples fram AT
Treatment unih Tenpropgt Aleonot | 1) nfter
T
el t
Precipt rotvaar
ate ] ',h'.‘r}',e Protein FEYY ! [AWY
- . !
) 155 §92 4y —
] 23 103 (+) - t -
3 76 ns — + -
) 70 39 = - z

Tabie 2 shows the sacld and com
; 3 @ posilion of the {ractions The -
:L(‘\ are :Ilclc::mmd on the hisis af dry weight, the 1‘0“““}‘[:::‘;;"‘:
xpressed by the hexose content, determined by atu
8 Y A quanbitatine
test, and the proten by a quantitatn e Folin-Crocalteuy |csllTh::-nr::;:ll)cr::
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acid content 1 denmtonstrated by a typical absorption maxunum al 260
mip {see I1g 1), and the type of nuclere aeid 1 determined by the me+
thods mentioned above H.O(2) Lth 75 was present n too sl
amounts for analysis, hut serological studies suggested that the st
g component was identical with the component demonstrated in 10O
(2} Eth 66, although this allowed a greater difulion, suggesting a
greater content of antigenie material. The greatest content of polys ic-
chande 15 found in H20(2) Bt 50, which 1s also the most reactive of
the three fractions in the complement-fixation test (Fig 2) In addition,
1t 15 seen that proten ean be demonstrated after 1wolation of the frac
trons, although n rather small amounts g 1 shows the content ot
naclewe acd in H.O(1) Elh 60 and H.0(2) Eth 50 By far the larger
amount of nucleic acid 1s seen to he present m H O{1) On treatment
with 1sepropanol, as deseribed previousty, H O(1) Eth 50 could he frae-
trionated mto nucleie acid, protesn and polysacehande (Seheme 2) The
resulls are seen in Table 3, and the proportions of the constituents arn
of the same order as the analytic results from Table 2 Traces of pohv-
sacchanide are found m the nuclere acid fractions, but most by far w
precipitate 4, namely 20 mg No correction was made for content of
ventose, whieh s known 1o be present in the form of ribose from BNS,
and the somew hat hugher value for polysaccharde 114 perecnt)ind able
2 may be due to this, as Johanson (1953) has «hown that m the anthrone
test a mixture of arabmose and glucose grnes salues higher than the
equuvalent of the glucose content Table 3 also shows that preeipilate
1 constifaites 69 2 per cent Comparing this with the figure for the re-
maimder noted for H.Ot1) 1n Table 2, 72 per eent, 1f scums probabie that
thas remander consgats mamly or nucleie acid ‘Fhe largest of Whe frae-
tions, H.O(1) Eth 50, was found to contam the least polysacchande,
and was completely mactne seralogicalls

The 2 mg polysaccharide from preciptate 4 was dissolved i 2 mi of
water and uscd as anbigen i a complement-fixation test a rabit anht
Reiter serum, but was unable to raact

Uig 2 shows the results of a complenant fisation test with the thre
fractions from H.O12) and an anli-Retter treponeme serum The gr«':\l—
(st actindy 1s seen to be abtamned with H012) Lth 30, while HO2)
1ith 76 18 Teast reactive The antigen dilutions used are ¢hosen on the
basts of prefsnunary experiments to dodermine the titre of the anbigen,
ce the maximum dilutton givng an optimum hacmolysis curse with A
guven sorum

In contrast o H.O(1) Lth 50, the threc fractions from H.0(2) were
{ound to be sparingly soluble 1 water at approximately pH 7, ¢spts
cially H.O(2) Eth 75 The Latter, however, could he brought into soln-
l\nn};\ adding acul to approximately pH 2, although this proccdure v
not a\;p\\cd further, as the complement-fixation test oceurs around lh]l
neutral pomt Solutions of one per eent flowcver could be made by .‘lt -
ding a drop of water at a time winle mixing The hpopoelysacchandes
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1solated by Westphal et al from hactersa of the Salmonell 1group (West
ph'rz.l 14961) also showed the same solubihity charactenstics

The hipid content of the Rater treponemes was found to he approu
mately 16 per cent, the same order of magnitude as the salue of 166
per eent found by Heymann & Siefert (1958)

DISCUSNSION

The prmeiples described by Westphal ef al (1952) for the 1solition
of polysaccharides, were applicable to studics on the treponemes, but
wilh technical modifications The polysaccharide 1s more frmly altached
to the treponemes than to the hactacria of the Salmonella group In the
lattcr, an cxtraction time of 5-30 minutcs was suffieient, wiile the tro
poncmes require one hour with phenof-water together with one hour
with excess water The Iatter procedure 15 a condition for achiving 1
serologically reactive material, and thus represents a further difference
from the usual technique A prelimnary extraction of ipid by ether and
acetone facihtates the subsequent extraction of polysicchande The vens
considerable unanalyzed residues (Table 2) from H.O(2) Lth 66, lo
gether with the solulmhty conditions and the mcthod of extraction, may
signify that the substances 1solated are not pure polysacchandes but
lipopolysaecharides, as such complexes do not yield the Iypd friction
on cther-acctone extraction, but only after acid hydrolysts The results
of I'romme et al (1958) support this hypothesis They find 2 J per cent
hpopolysaccharides m Salmonella abortus equt, the hiprd fraction (hpwd
&) amountig to 24 pcr cent, while the most teresting fraction in the
Reiter treponeme, H.O(2) Lth 50, amounts to 1 3 per cent and s an
unanalyzed residue of 34 per cent The molecul ir weight has not been
detcemuned so far, but 1s at any ratc over 30,000, and 18 passibly of the
same ordcer of magniude as nucleic acid (& 109), as m cthanol preengn-
tation these substances follow cach other elosely If H 0(2) Eth 50 15
a high molecular lipopolysaceharide, 1t should be possible to immunizt
rabhits with 1t Experiments h e buen startad to senfy this hy pothesrs

So far 1t fas nof buen deewded whether the nucieie acid confent of
H.0(2) I’th 50 plays a part in the antigcme properties of thie fraction
The probality of this 15 shght, partly hecause the RNA m H.O(1) 15
serologically mactive, partly beeause the RNA m H O¢2) & munn it
relation to the polysaccharide content

Lxperiments have been started usmg agar preeipitation to deeade whe-
ther the polysdaechartde m the three fractions from H.O(2) reacty with
the s une antibody Preliminary abseryations suggest that thas is the cas

Ouw the basis of its content of dry substanee, H.O(2) Lth 50 has been
found morc sepsitave than the polysaech indes sludied by Pillot & De
Brayn, but it did not react n dilutions as Iugh as thove uscd by D Alese
sandro 1 1949, just as the concentraon of H.O(2) Ith 50 had to be

mere wed scaeril hundred times to roach preapitation, winle D'Ales-
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sandro's polysaccharide could be dituted further m precipitation expers-
ments )

An exammation of 75 syphilitic and non-syphilitic human sera in
complement fixation tests, and a sumlar number of sera from rabhits,
both normal and with experimental syphilis, gase wholly negatnne re-
sults Positne results were obtamed only with rabhit anti-Reiter sera
A< anbieipated, therefore, the isolated polysaccharides must possess
pronounced speeificity

The Lipopolysaccharides 1solated from Reiter treponemes by D’Ales-
sandro & Del Carpio m 1938, which reacted with human sy philitie sera,
presumably contained mmpunties, possibly protein This assumphion 15
shared by De Bruipn (1961)

SUMMARY

Using a modificatian of Wes/phals phenol water method, polysac-
chande ¢ould be ssolated from Rester treponemes This polssacchande
rcacts anfy wilh rabtanti-Reiter serum The Retter treponeme 1s shown
1o contain approxuimately three per cent polysaccharide, corresponding
to the fugure obtained  cxperiments with hactenia of the Salmanella
group A limd content of approvimately 16 per cent 1s found, 1n agree-
meot with the results of other authars

The method of extraction 1s deseribed, and the results obtained dis-
cussed an relation to those of other authors The hypothesis s put for-
ward that the material 1solated 15 lipopoly sacchanide of huigh molecular
waight, ynd having antigensc properties

New experimients have heen started to verify this hypothesis

REFFRFACES

Mberty R G & Herdelberger M Fractionation and physical chemucal studies of a
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saline containing 025 per cent phenol The density of the suspenston corresponded
to twiee that of Intarnational Coli Standard 8 The contont of drv matter was 24
mg per ml The imjections were ginen intravenaushy esery 3rd dav, 1 doses of 05
10 10 20 20 and 20 ml respectineds, and 3 to 4 dass after the Jast inpection
bload samples were drawn either by heart puncture or from car veins One rabhit
mmune serum  Palamo 752 was kindhy supplied by Professar G D Alessandro
Palermo The following sera were tested i addition to immune sera from rabbits
a number of arbitrarily selected reagin-positive and reagin negatine human sera
sera from 51 verified cases of human syphilis, and a few «s philitic scra from expert
mentally infected rabhits

Serological Tochnique

Before the scrum was oxamined with the polssaccharide antigen at was tested in
onc or more of the following reactions

1 Wassermann-Mareh’s complement fixation test with cardiolipin antigen €

WR-V (13, 14, 15)

2 hahn's standard test with *crude * antigen hR (7)

3 Meinicke’s clarification test with *crude” antigen VIR (9)

These tests arc desgnated n the following as STS (standard tests for «3philied

Some of the human sera were also examned by the

4 TPI test (10) performed according to the technique described by Veefsen (11)

Mcthods of Recording the Results and Dcfinttions of Frpressions Used

The results of complement fixation test with polysaccharide antigen are sndicated
as percentage hacmolvsis, thus no haemolysis indicates a3 maximum positine e
action The results from € WR-M and hR are expressed quantitatively n degrees

of strength (8 13)
Serum fitre Lhe reciprocal value of the highest serum dilution grving 60 per cent

hacmoly sis

intigen tire The reeprocal value of the highest antigen dilution giving 68 pee
«ent hacmolysis with a positive control serum under such experimental conditiens
that the haemolsis curse begms at 0 per cent and fimishes at 90 100 per cunt
{typ1eal curve)

On¢ hacmolvtie dose of complement 1s the smallest amount of complement dilu
tion (1 33) required for complete hacmelysrs of 02 ml of a 25 per cent suspensu
of sheep ervtirocstes i salme sensitized with 3 haemolstic unsts of haemuolysin

One hatmolytic umt of hacmolysin 15 the smallest amount of haemolsstn which
produces complete haemolvsas of 02 ml of a 25 per cent suspension of sheep erd
throcvtes 1n the prosenee of exeess complement

Technigue tn C omplement Fuxation Tests Using Polysaccharide Antigen

The serum was titrated 1 saline in 3 fold dilutzons and ¢xammed by the comple
ment fixation test The tube with the highest scrum concentration contamned 001
m! of scrum corresponding to a scrum dilution of 112 after the addition of antigen
and comploment The scrum difulion 10 the nest tube was [ 36 and o aa The
antigen dilutions were prepared from a steck solutian contaning 1 mg of dry matter
par ml distilled water A comvenint amount of stoch solution was diluted with
saling to this onc velume of saline and me solume of buffcred saline at pH 7%
wire added the nest dav On the basis of prdhimimary cxperiments i order to
determine the complement titre (onc haemobitic dose) an adequate amount of
complement was added to the antigen solution and 03 ml of the misture antgn
4+ complement added to the serum dilutions The mixture was then ncubated at
+4° € for two hours subsequenthy at 37°{ n a water bath for 30 mnoles and the
haemolytic svstem then added  After one hour at 37° ¢ an the water bath the sl
4som was incubated at +4° € overnight and the hacmolvsis poreentages were read
the following day The result s given 1n haemolysis por went

In preiminary cxperiments scrum  antigen and complement were ancubated for
18 hours at +4° € 1n analogs with the cxperience gamned previousls using the
polssaccharide antigen obtained from pathogenic treponemes (1) Later h:n\r\(r
the fixation time was reduced to 2 hours at 44°( plus 30 minutes at 37° (¢ Hd
though this reduced the sensitivity by ont dilutien step nevertheless it remames
<atisfactors for the purpose with the sera used
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RFSLLTS

The preluminary expenments with the pol}sacchnnfies Eth a0, 66
and 75 were carried out with 2 known serum, Palermo 752 ‘This serum
was examned 1n Palermo by the Reiter proten complement fixation
tost (4) The results are shown in Table 1 The titre for this serum,
examned by the RPCF test, ranges between 320 and 640

TABLF 1
Control Serum Palermo 752 Examined with RPCF by D Alessandro
Serum ditutlon 14 18 130 130 160 112
Kolmer
RCE o [ o 0 80 100 techmque

f5vol

* Per cent haemolysis

Table 2 shows the determination of complement titre 1n the presence
of antigen The experiment was carried out with an antigen solution
containing 0005 mg of dry anhigen per ml, and complement diluted
1 33 1n this antigen solution Decreasing amounts of antigen-comple-
ment mixture were added to 8 test tubes, beginming with 0 17 ml and
then fiing up to 03 m! by adding antigen solution, by which the
amount of antigen would be constant from tube to tube Finally, the
haemolstic system was added (0 20 ml per tube), and the results were
read alter 18 hours at +4° C According to Table 2, 0 15 ml should he
used, but to 21void excess of complement 813 ml was chosen, corre-
sponding to the complement titre of cardtoliptn antigen with the same
complement and haemoly tic system

TAKLF 2
Determination of Compiement Titre Anligen Concenlrafion 000> mg per mi
€ Diluhions 1 3.
AL 11 pertabe 01 01 01z o1t ot om  or oo
_—— T
misntig dil added 053 0% 015 019 oM™ o0z  om  oa
Eth 50 100" 80 70 50 50 30 LY
Fth 66 100 90 %0 70 60 30 20 3
Eth 75 90 90 80 0 0 ES 29 °
Ter cent hacmalenis

Alter the complement Nitre had been determined, Palermo 752 was
titrated agunst the 3 antigens i g conceniration o
The results are shown in Table 3
sy ss found tn Eth r0oo ¢
(57 per cent) The . . . .
in the contentof - 1 -

of 0003 mg per ml
..:md 1t appears that the greatest renc-
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ments Lih 50 15 used therefore as antigen unless othersise mdieatod
Using {hus antigen, the titre for Palermo 752 was very near to 3000

TABIT 3
Lttration of Scrin Palermo 759 against Polysaccharide \nligens
Sernm Antiaen eoncentration 0 00s mg per ml
dutn |y e ORI | ey
112 136 118 132 197 1286 1808 1201 M
r'th 50 0 0* 0 0 0 60 90 9% 100
Fth 66 0 0 o 0 60 90 90 90 100
Ith 75 0 0 ° 20 80 20 90 % 100

* Per cent haemolvsis

Table 4 shows a prchimunary examuination of the reactinits of the an
ligens, the sera being tested in 4 dilutions The first tube 15 a control
tube contaning serum, complement and haemols tic system, hut no <0
tigen The reactivities of the antigens are seen to inerease with diution,
and a tendency for the negative serum to react with Lth 50 disappears
on dilubion

TABIT §

Prelinunary I xamunafions of the Reactioily of the {nligens before the Defermina
tion nf the Antigen Tilre against Immune Serum

Immur seram 1 Negative rabblt serunt

Antigen conecntranon \iiien coneentention

Anugen 0313 m, perml 000, mg per ml ( 0333 1ty per mlt 000y mg per ml

1th 50 100*0 0308 100 000 0 100 30 50 80 90 100 70 8 50 90
fth 66 100 0 20 90 90 00 000 0 100 809090 B0 10D ID IS B0
1th 75 1000 03080 100 00 0 10 100 90 90 90 100 100 90 Y0 90 90

“ Per cent hacmolyvsis

The anligen titre was deternined by diluting the stock solution, con-
tasnmg 1 mg per ml, with salme and buffered saline (pH 7 38) an the
ritio 2 1 Immune «erum, Palermo 752, was titrated agunst antigen
dilutions 1n the complement fination test The results are shown m
Tables 5, 6 and 7

Thus according to deftmition the antigen titre 15 900 for Lth 50, 600
for Ith 66 and 100 for Ith 75 As expected, the titre 1s hughest for Tih
Aq which contains most polysaccharide Furthermore, zond phenoment
are seent with Eth 50 and 66, as therc 1s no change m the reactnaty o0
qiution from 1 200 to 1 900 and 1 600, respectnvely The reactunty
falls 1 the range up to 1 100 and ahove 1 900 (sec also Tablc 4) In
order to avoid working near the Linnts of the zone of reactinty, a work-
ng dilution of 300 600 has been chosen for Lt 50 and 300 400 for

I'th 66
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TABLE 3
Crnss Tatration of Antigen Fth 50 against Serum Palermo 752

Antigen | Serum shilution t serum k::“‘ﬁ?
e

R e S IR R s I L T B

1100 [ LN o » 16 8 9 9  ws 9
1200 [ [} [3 0 X x X 100 X
1 400 0 0 [3 0 10 50 X 10D x
1500 0 o 0 o 10 s e 90 100 90
1 900 0 0 0 o 20 8 %0 100 o0 D
1 5600 86 s 40 s 50 60 80 80 100 X
110000 90 9 9 9 % % 90 90 % %

* Per cent haemolysis X =>not dope

TABLF 6
Cross Titration of Antigen Fih 66 agarnst Serum Palerma 752

Serum dilution

Antigen _|serum ] aonzen

L e e e TR T I I T M D
1 10 ¢ ¢ 0 10 6 % % 90 100 90
1 200 &« o 6 1@ s % e 9 X 90
1300 6 o ® 1 s % s 9% x 9
1 600 s 6 6 10 4 % 9% 90 X %
1 900 w o0 o 10 30 60 9 %0 100 X
Ym0 3 1 18 30 9 % 1 W X%
12100 8 40 S0 60 90 100 100 100 X X
1350 s S0 9 % 100 10 196 390 X X
* Pet cent hacmolysis X ==nat done
TABLE T
Crass Titration of Antigen Fih 15 against Serum Palermo 752
Antigen Serum dilanion y
Wtwdon 12 13 118 - TﬂT‘Ikg:l‘v control
1 100 o 0 ] 20 30 100
1 300 20 10 30 10 60 o><
1 600 0 n 50 80 90 X

* Per cenl hacmolysis X ==not done

Table 8 shows a comparnison between the resulls oblained by twao
hours” incubation with complement at +4° C plus 30 minutes at 37°C
ind hose oblained by 18 hours' incubalion at +4° C These experi-
weats were made beeanse rabbnt <era often wese found to be anticom-
pluncntary when a prolonged fixation time was employed The reduced
haemolysis pereentage 1n the control tube showed that this was a pro-
perty of the serum In prefiminary expeniments without serum, it czln 1
Tre denmionstrated that complement and haemols tie <ystem \\(:rc iy td
fected by the prolonged time of (meoubation, as ihv uirc of the un? )
mintahid no chinge withm the period of 18 ilOIIN This nnhtom;‘l’:‘n“c:




tary effect was not observed, or 1t was nsignificant, nsing a short fixa

tion tune, but on the other hand the reacinaly was displaced by one
dilution step to the left in the series In tube No 1, contumning the
greatest concentration of serum, a certam miuintion 1n the complement
fixation has been obsersed with the sera of several rabbuts, especially
during immunizabion  Abeut the 10th day after the last mnjection of
treponemes, however, 0 per cent haemolssis 1s found most often i the
first tube

TABLF 8
The Reactioity of Fth 50 after Incubation for 2 hrs af 3°C plus 30 mun at 37°C

and after 18 hrs at 3° C Performed with 5 Rabbuts
Immunc Sera and t Normal Human Serum as \egatu ¢ Conirol

2hrs plus 30 min
Serum Serum dilution

Seram
T """ { canirol
112 43 1108 132 192 1286 188

Rabbit 923 0 [ 0 10 60 90 100 100
. 9593 20 0 ¢ 10 60 90 100 0
9594 (4 0 [ 0 10 60 920 100

9595 20 0 0 0 10 60 90 90

» 9596 0 0 0 10 60 90 100 100
Normal human 100 100

18 hrs

Rabbit 923 ] 0 0 0 10 60 20 80
9593 0 [ ] [ 10 60 90 30

9591 0 [ 0 0 0 10 60 60

9595 0 0 o b 4 D 2 o0

» 9596 0 Q o n 10 10 2 90
Normal human 100 100

Tahble 9 shows the results of an examunttion of the anhigemic spec)
fieity Twenty-four human sera were selccted, together with sera from
fne nop-immunized rabbits, and given a qualitahise onetube test with
antigen Ith 50 On ttration human serum 1897 and rabt serum 573
<howed anticomplementary propertics Thus the haemolysis salue of
20 per cent found for these two sera 1s not an cxpression of speciiic
fixation nor does 1t indicate a presence of non specific properties of the
antigen On the contrary, the only reaiction found was obtained with
mmmune scrum

The specifieity of the antigen was further venfied by examining 2
material consisting of 18 cases of primary syphilis, 26 cases of secon
dary syphulis, 7 cases of latent sypiulss, two cases of lupus erythema-
tosus disseminatus, one case of leprosy and finally, serum No 78 from
a patieat who for sev eral years had shown “bilogical false posine’
STS reactions of unknown cause The matenal includes both negative
and strong positive reactions 1n STS, and both TPI posttine and TP
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negatine cases Tt observed that the only reaction obtained 1s that
wilh the speetfic anhiserum As an cxeeption this result 15 indieated wm
degrees of sirenplh to pormil comparison with STS Also a few svpht
Yhe sera from experimentally nfected rabbits were tested but were
found to be non reactine

TABLE 9
Framnat on of 2% Human Sera anl § \on Immunrze ! Rabbits
Serun Y KR R £1h 0
Human 191 80
1248 1 ' ES a0
1496 1 3 At 90
1539 7 3 E 90
1538 ) X &0
1559 100
1560 100
1561 100
1562 5 3 - 100
1565 unr § 1 1
1561 %0
150 2 o -~ aq
194 TPIY s 1 10 +4 90
1691 100
1ea 2 - 100
160 100
1361 [ 00
1097 5 1 %
1803 3 ™
1817 1 - . 20
1827 3 2 e 100
1397 TP1 pos 20 13 L 2
2603 3 P
L 1 1 100
Rathit 96 - 30
272 e
2% » P
175 1 &
513 1 o
Ant gen¢ ntr ! x x % %
Immumze Lrabl gt war o

Kesults § 7 Fih 60 am yef cent haem s
* unrea fatle
= nnt done

Finadly the stibaity of the antigen was tested When Fth o0 and
Lih €6 werd stored ot +4° C both s stock solutions and . ddutic
with satine no chanpes sere found an the reactists aficr two w km
Tihewase the reretinady remuned unchanged after heating up to "v(:l";‘
far ond hour Stoch solubions have been stored at ~"01:C‘l'0 .

1 months without ans change i the reactinity The 'n:h en lhr e
u}n‘\ he thermastable prapertus of 4 palvsaccharde . e

nirnenous njection of anhigons 1th 50
el amount of 8 8 mg distributed over 6 (lzs‘r;\x‘[(v‘l-::?\r:?(\lo 'm"‘“‘* e
homolcgous intihodus 10 the scrum: Further 3t could l::‘:‘l:’nn\::}ll:hl
a

N e



tary effect was not ohserved, or 1t was msignificant, using a short fixa
tion time, but on the other hand the reactinily was displaced by one
dilution step to the Ieft n the scries In tube No 1, contamng the
greatest concentration of serum, a certain mhibition in the complement
fixation has been observed with the sera of several rabints, especially
during immunization About the 10th day after the Iast mnjection of
treponemes, towever, 0 per cent haemolysis 1s found most often m the
first tube

TABIT 8
The Reactinty of Fth 50 after Incubation for 2 hrs al 3° * plus 30 mm at 31°C
and after 8 hrs at 4° C Performed with 5 Rabbuts
Immune Sera and { Aormal luman Serum as \egatu e Control

2hrs plus 30 min

Serum Serum (lgtion
Serum
| contral

112 13 71 10% 132 1972 126 18I

Rabnt 923 0 0 0 10 60 90 100 100
. 593 20 8 [ 10 60 920 00 90

" 9594 0 [ 0 0 10 60 20 100
9595 20 0 0 0 10 60 90 90

, 9596 [ 0 0 10 60 90 100 100
Normal human 100 100

18 hrs

Rabbnt 923 0 0 0 0 10 60 90 80
9593 0 0 0 0 w60 90 30

9591 [ 0 0 0 [ 10 60 60

9595 [ 0 0 0 0 0 20 60

, 9596 0 0 0 0 10 10 90 90
Normal human 100 100

Table 9 shows the results of an examination of the antigeme spect
ficity Twenty-four human sera were sclected together with sera from
five non-tmstunuzed rabhits, and grnen a qualitative onctube test with
antigen Eth 50 On titrafion, hum i scrum 1897 and rabbit serum 573
showed anticomplementary properties Thus the haemolysis value of
20 per cent found for these two sera 1s not an eypression of specifie
fixation, nor docs 1t indicate a prescnce of non-speeific properties of the
antigen On the contrary, the only reictton found was ohtamed with
mmune serum

The spearflicity of the antigen was further verified by exanuning a
materal consisting of 18 cases of primary syphilis, 26 cases of sceon-
dary syphilis, 7 cases of latent syphilis, two cases of lupus erythemn-
tosus dissemunatus, onc case of leprosy and finally, scrum No 78 from
a patient who for seyeral years had shown “biologictl false positive”
TS reactions of unknown cause The matenal includes both negative
and strong positive reactions n STS and both TPI posttive and '1P1
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1¢h 50, s addition to reacting with 1ts homologous serum, also reacted
with serum from the rabit immumzed with Eth 66, and vice versa
Fth 7o reacted with both these sern, but more weakly, as expected
Thic indicates that the 3 substances contain at Ieast one common prost-
hetic group with respect to the antigenic properties The highest anti-
bods content was found i serum from a rabhit jmmunized with Eth
50 1 agreement with the fact that this wubstance has the highest con-
tent of polysaccharide

DISCUSSION

Polysacchande has been isolated from Reiter treponemes by mcans
of the phenol water method (2, 16), and 1t has been shown that ths
pelvsacchanide reacts with h 1 seera 1 compl. t
fisation tests The polysaccharide 15 active in solutions containing at
least 1 gamma per ml, and the reactiaty does not dechne on standing
at +4° C or heating to 70 C for one hour

The polssaccharide 1solated by Professor D Alessandro el al (3) i
1949 15 reported as being reactive with ymmune serum 1o an antigen
dilution of 1 19200 of a stock solution containing 3 mg of polysaccha-
nde per ml, 12 015 gymma per ml antigen dilution This polysaccha-
nde was wsolated by of Reiter tr wath N daOH,
followed by neutralization with trichloracetic acid and precipitation
with ethanel The polysaccharnide 1solated by the phenol-water method
has to be present 1n an about 10 times higher concentration n order to
sedel with immune sera The reason for this difference in reactisity
m 1 be that the D Alessandro method causes a partial hydrolysis of the
polisacchande but with the prosthetic groups a retaned, so that the
aatigen has the charactenshies of a haptene, but cannot function as a
compicte antigen The phenol water method avoids strong acids and
bases In this way 2 polysaechanide complex 1s obtained about one half
af which consists of polysacchande In addition, there is a small amount
of protesn and some stll unanalyzed material which may be a imd The

polvsacchande complex 18 a complete antigen which when injected
into rabbil causes prod of h 1 t1b

tato ra ! £ m analogy with
, $6) 1ater, D Alessan
. - from Reiter trepone
- s This antigen, how-
oselaso reacted wath syphahs sera (76 out of 83 were Dositise}, 1n con
trast with the polvsacehande complex isolated by the phenol water
wethod This jolysacchande has not reacted witn a single serum from
the 41 gatients wath various stages of svphilis The antigen 1solated by
D \esapdrn & DeiCarpto, therefore, must posses olhor conshiwents
besides polvsacchande, possibly protew
Mot et al

(12) prepared a polveacehanide fram 11 4 4
v .
f
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dcmonstrated between the polysacchande fractions Eth 50, 66 and 75

Only a quantitatne difference between these fractions could be demon-
strated, corresponding to the polysaccharide content
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saceharide per ml, and m dilutions of 1. 320 1t reacted with smmune
serum diluted 1: 25 The polysaccharide complea 1solated by the phenal-
water method contains 3 times less materal 1n the same dilution, but
nevertliefess it reacts with immune seram dilutcd 3000 tumes, and the
reactivly 1 prachieally wnchanged m an antigen dilution of 1 900

De Bruijn (6) prepared polysaccharide from Reiter protem antigen
by trypsin treatment This palysaccharide reacted with 12 out of 203
syphilitic sera examined, and jeacted with serum from rabbits swmu-
nized with Retter protein antigen Thus antigen was shown fo have 2
termolabile component m low dilutions, considered to be of a hmd
nature Traces of protein, howeser, could also be detected, but this can-
not explain the reactivaty with the 12 sy plulitic sera, as the antigen used
fiad been heated for one hour at 100° ¢ Comparing Tables 1 and 3, 1t
15 seen that serum Palermo 762 had a titre hetween 320 and 640 when
tested with Reiter protein antigen, but that the serum titre was 2816
when tested withh Eth 50 as antigen ‘The polysaccharide thus has s
consyderably greater reactinity The high reactivity of the polysaccha
ndeantigen mahes a long Nixation time unnceessary, o that the orgmat
18 hours’ fixation could be reduced to 2% hours The adsantage of the
reduction 1 fixation time 15 that such curtalcd fixation time reduees
chances of a development of the hacmolysis-inlmiting property of m
mune serem from rabbits, a phenomenon not infrequently observed
using the prolonged fixation time, (Table 8)

The present studies confirmed the theory of the lugh speafieits of
the polysaccharide, as a reaction was obtained only with serum from
tabbits immunized with Rerter treponemes or polysaceharude olated
from these A reaction with <3 phulitic sera from rabbit or humans s
not been observed

Cross reactions suggested that Eth 50, 66 and 75 reacted with the
same anhibody Furthermore, a quantitative difference eould he dauon-
strated hetween these fractions, corresponding to the polysaccharde
content Haemolysis-mtubiting propertics of the antigen wcre not ob-
served with the uswal anbgen concentrations of about 3 gamma per i,
but on the other hand they were scen with concentrations of about 308
gamma per ml (Table 4)

SUMMARY

The polysaccharude complex isolated from Reiter tre poncmes by the
phenol water method, has antigenie propcriies, as 1t reicts with homo-
logous 1mmume sera and induces the production of antihodies on injec-
tion 1nto rabhiis No reactions have been scen with syphilitie sera from

humans or rabints
The results obtamed by othcr authors are discussed n relatton to the

present results
jmmunologieal differcnces of a fundamental nature could not he
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demonstrated between the polysacchande fractions Fth 50, 66 and 75
Only a quantitative difference between these fractions could be demon-
strated corresponding to the polysaccharide conlent

~

P T

RFFFRFNCFS

Chrisltansen A ¥ Studies an the antigenie structure of Treponema palli lum
1 Nichols pathogenic stratn Acta path et microbiel scandipay 50 108§
1960

Christransen 4 II Studies on the antigemie structure of Treponema pallidum
2 Isolation and puriftcation of polysaccharides from Reiter s apathogenic

,m:.. Acta path et microbiol scandinav In press

D Alessandro G Oddo F Comtes R Dardanom L Svlla struttura antigene

T pallidum Riv Ist Sler Ital 2§ 134 1949

D Alessantro G & Dardannm L Tsolation and punification of the protein an
tigen of the Reiter treponcme Am 3 Syph 37 137 1953

D {lessaniro G & DelCarpio € A hpopoly<accharide of the triponemes N\a
iure 181 991 13-8

De Brayn J 1 Het antigeen in de serologische diagnistik van svfilis Thesss
U trecht 1961

Kahn R L The hahn Test A practical guide Williams & Wilkins Baltimore
Bailligre Tendsll & Cox London 1

Rrrsten=e=

Vet .

Sefsot R 4 &0 - v — .-
sntibodv

Vielsen Il 4a . -
nema pal
$0 119 19,

Mt 1T r e .

se .

Lier die Fxtrakbio
" PhenalWaveer Ztech Neturforsch b 48 100 e von Hakterien mut



TROM THF UN[VIRSITY INSTITUTE OF BIOCHFMISTRY
(CHIFF R FGF PH D) COPFNHAGF\ DE\VARR

ACID MUCOPOLYSACCHARIDES IN MICROCOCCUS
(STAPHYLOCOCCUS AUREUS)

By

J Cravsey and P Rosi vkast
Reeened 13162

Inmmunological, reachise polysaccharnides haye been descrhed m sero
logacal active staphylococer Thus Jultanelle & Wieghard (19352 & b}
and Weeghard & Julwanelle (1935) deserihed two different polysac-
charudes (A and B) oceurring m pathogemie and non-pathogenie struns
of stapliylococer This eaused Cowan (1938) to duide the pathogenic
staphylococet into three groups Furthermore Hoffstadt & Clarh (1933)
desenibed two different polysaccharides and Jensen (1959) demon-
strated that polysaccharide A occurred th Cowan group I Apart from
the wdentific thon of N-acetylaminohexose it H Iysodethticus (Epsten
& Charn 1940) and glucose, mannose, glucosamine and glicuronie acid
m the same baeteria (Hawthorne 1950) no tral has heen performed
1o characterize the polysaccharides 1 differcnt groups of staphylococct
by chemieal and biochemical methods, especially to differentiate he-
tween actd mucopolysaccharides and other polysaccharides In the
prper, dita are given for the oceurrence of acid mucopoly saccharides
i the three groups of Cowan

MATERIAD AND MFTHODS

lhe three groups Conan I H and 11 were objeets of the imvestigations (fap sroup
T 1l and IIt) The badterias were cultivated on agar boulon for 24 hours The cul
ture wavy seraped off and washed three mes wath saline and cach ime the bacdtenas
were again 1solated by centrifugation (10000 rpm) The culture from one plate was
resuspended 1 10 ml of buffer (9 ml ¥g5 MARH POy + 1 ml 135 M Na POy ant
by standing, for [4 days at room temperature most of the soluble material was no®
1n the supernatant (Jensen 1959) The remnants of the cedl bodies were taken away
by centrifugation The supernatant was concentrated 10 times 1 an apparatus for
syacuum dialysis (Clausen 1962)

The supernatant was centrolled for its content of acid muer polysaccharides bY
electrophorests on cellulase acctate paper 1 a madified 1 hi} appartas folloned

by specific staining for acd mucopoly saccharides with mucicarmine The 1 hB ap
- ‘ . ' replacing the fakir

1lter paper connec
fonm rubbcr made
it passible to use cellulose aceile papr Ly v A o an 4 ah oxeddlent resulls
The electrophoress was performed in veronal buffer (pH==86 fomic strength=
0 25) for 1% hour of 10 &1 supcrnatant (2004) and after drving «n glass plates at
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110° C the cellulose acetate paper was staned for 10 minutes with mucicarmise (1
per cent WiV in 50 per cent ethanol) The background was decolorized with 10 per sengl
acetre aced Fnalfy the paper was drred under pressure hetween two parts of filter
papir The dectraphoretic patterns of the acid mucopolysaccharides were correlated
to the patterns of sfandard solutions of heparine (NOV 0), chondroitsnsulphate (Sig
ma) and hsaluronic acid (The Serum Instifute € apephagen)

RFSULTS

Figure 1 sllustrates the results In the pooled myxture of the extraets
from the three groups, 6 actd mucopolysaccharide fractions can be
visuahized (fraction 1-6) The three most anotic ones hase mobbiies
as chondroitimsulphate, but no one had the same mobility as heparme
On the other hand the most cathodic fraction had the mobihity corre-
sponding to hyaluronic acid In the intermediate area two more frac-
tions ean be visuabzed, but none of these correspond m mobility to
any of the standard fractions

By comparison of the extract of the single groups no one of these pos
sessed all of the fractions scen tn the pooled preparation Thus the
Cowan group I does not have the slowest moving fraction, with a mo
bilsty like that of hyalurome acid (fraction 1) Furthermore, the tho
most anodie fractions are also Jachg in this group (fraction 5 and 8
with mobtlity as chondrosulphate A and B) These two fractions of acid
mucopoly saccharides with the highest mobility are present only m
Cowan group 11 This group contains obviously all of the acid muto-
palysaccharide fractions with the exception of one of the mtermediate
fractions (fractiond), which 1s present in Cowan group I Cowan group
I contains the fractions 1-3, but seems to lack the fractions 1-6, pro
bably the group of chondroitinsulphates

DISCUSSION

Among the acid mucopolysaccharides most investigations concerming
bacteria have been centered around the presence of hyalurenic acd
Thus early mvestigations seem to mdic ite that hyaluromie acid s pre-
sent 1 streptocoect, but this compound does not possess anhigenie proe
perties (Qmnn & Swngh 1957 Seifter Baeder, Bechfreld 1954) Isotope
otudws furthermore, have revealed n streptococer the pathway for
wynthesis of hyaluromie acd (cit H Giban 1959) Finally the content
of hyalurontc acid in bacteria seem probabiy to depend on the content
of hyaluronidase beeause penierthn seems to ncrease the anount of
h)alzxromc acd {eit ¥ Gibian 1959) Thus the evstence of hyaluronic
acid 1 bactersas seems o be o well estabhished faet, espeeinlly i «trep-
tococet The present imtestigatians confirm that byaluronic acid atso
exst 1 some groups of staphylococer, but that hyaluronie acid 15 Iach-
1ng m at least one of the graups Cowan 11, which 1s probably charac-
teristic of this group

e 0N
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Likewise the existence of a group of acid mueopolysaccharides with
1 mobility like that of the group of chondroitinsulphates seems o be vari-
able from group to group of staphylococer Thus Cowan I and III are
laching 1 this group, hut chondrotinsulphate 1s present in Cowan It As
1s the case of hyaluronic acid antigen properties are claumed to be ah-
sent also in the group of chondroitinsulphates where as they can react
wilh protemns 1 B-hacmolytic streptococer forming an auto-antigen
(Glynn & Holborow 1952), but this has not been accepted by 1ater invesh-
galions (Giynn & Johnson 1956) Thus it remams shil fo he demon-
strated which of the immunological properties can he attributed to acid
mucopolysaccharides, especially because Jultanelle & Wieghard (1935)
could use the polysaccharides in staphylococet by a precipitation reaction
for a divaston of the staphylococer into different groups But it 15 possible
that the polysaccharides type A and B do not represent acid mucopoly-
siecchandes On the other hand 1t has to be mentioned that some of the
acid mucopolysaccharides, by us demonstrated to be common 1n the
three Cowan groups (e g fraction 2) could represent, perhaps partially,
the polysacchande A which by Jensen (1959) was demonstrated
75 per cent of a series of groups, and, furthermore, mvestigations by
one of us (Rosenhast 1962) scem to indicate even a higher ncidence
of polysaecharide A than the one shown by Jensen

STUMMARY

By means of a new method, based upon an electrophorelic separa-
tion on cellulose acetale paper in a modificd LKB apparatus, it was
possible by a speaifte stuning procedure with mucicarmine to demon-
strate six acid mucopolysacchande fractions with different mobility 1in
Staph aur Cowan s groups 1, 1T and I} The fractions thifered from one
Rroup to the other, thus dumonstrating the oceurrence of acid muco-

Palysiccharides to be characteristic of different groups of staphyloc-
ocel )
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110° C the cellulose acctate paper was stained for 10 minutes wath mucicarmine (1 g
per cent WYV 1n 50 per cent cthanol) The background was decolorized with 10 per cent
acetic acid Iinally the paper was dried undcr pressure between two parts of filter
pvaper The electrophoretic patterns of the acid mucopolysaccharades were correlated
to the patterns of standard solutions of heparme (NOV 0), chondratinsulphate (Sig
ma) and hvaluronic acid (The Serum Institute, Copcnhagen)

RESULTS

Figure 1 illustrates the results In the pooled mrxture of the cxtracts
from the three groups, 6 acid mucopolysaccharide fractions can be
visuahized (fraction 1-6) The three most anodic enes hase molnlities
as chondrottinsulphate, but no one had the same mobihty as heparine
On the other hand the most cathodic {raction had the molnlity corre
sponding to hyalurome acid In the intermediate area two more frac-
tions can be visualized, but nonc of these correspond in molnlity to
any of the standard fractions

By comparison of the extract of the single groups no one of these pos
sessed all of the fractions seen n the pooled preparation Thus the
Cowan group I does not have the slowest moving fraction, with a mo
bility hike that of hyaluromie acid (fraction 1) Furthermore, the two
most anodic fractions are also lacking wn ths group (fraction 5 and 6
with mobility as chondrosulphate A and B) These two fractions of acid
mucopolysaccharides with the highest mobility are present only n
Cowan group II This group contamns obtitously all of the acid muce
polysaccharide fractions with the exception of one of the mtermediate
fractions (fractiond), which s present in Cowan group I Cowan group
11 contains the fractions 1 3, but seems to Iack the fractions -6 pro
bably the group of chondrottinsulphatcs

DISCUSSION

Among the acid mucopolysiccharides most myeshigations concerning
bactcria have been centered around the presince of hyalurone acid
Thus c1rly mvestigations scem to indicate that hyaturonic acd s pre
sent 1n streptococel, hut this compound does not possess antigeme pro-
perties (Quinn & Stngh 1957, Seifter, Baeder, Beckfield 1954) Isotope
otudies, furthermore, have revealed n streptococct the pathway for
synthests of hyaluronie acid (it 17 Gibign 19%9) Finnlly the content
of hyaluronic acid bacteria seem probably to depend on the contcn:
of hyaluromidase, because penicilin seems to merease the amount o0
hyaluronic acid (et B Giban 1959) Thus the cxistence of hyaluronic
acid 1 bactertas seems to be a well established fact, (specially in strep-
tococer ‘The present muvestigitions confirpm that hyaluronie actd alse
exist 1 some groups of staphylocoeer, but that hyaluronic acid 15 lach-
ng 1n at least one of the groups {Cowan 1), which ts prob ibly charac-

teristie of this group
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Likewise the existence of a group of acid mucopolysaccharides with
amobility Iike that of the group of chondrestinsulphates seems to be vari-
able from group to group of staphylococer Thus Cowan I and 1II are
lacking 1n this group, but chondrottinsulphate 15 present in Conan 11 As
15 the case of hyaluronic acid antigen properties are claimed to be ab-
sent also 1n the group of chondroitinsulphates where as they can react
with proteins i B-haemolytic streplococer forming an auto-antigen
(Glynn & Holborow 1952), but this has not been accepted by later investi-
galions (Glynn & Johnson 1956) Thus 1t remams shll to be demon-
strated which of the smmunological properties can be attributed to acid
mucopolysaccharides, especially heeause Jultanelle & Wieghard (1935)
could use the polysaecharides in staphylococet by a preciytation reaction
for a diviston of the staphylococcr wnto different groups Bul it s possible
that the polysaccharides type A and B do not represent acid mucopoly-
saccharides On the other hand it has to he mentioned that some of the
acid mueopol; harudes, by us d trated to he m the
three Cowan groups Le g fraction 2) could represent, perhaps partially,
the polysacchande A, which by Jensen (1959) was demonstrated in
7 per cent of a series of groups, and, furthermore, mvestigations by
one of us (Rosenkas! 1962) scem to indicate even a higher incidence
of polysacchande A than the one shown by Jensen

SUMMARY

By means of a new method, hised upon an electropharetic separa-
tion on edllulose acetate paper n a modified LKB apparatus, it was
possible by a speeific staming procedure with mucicarmine to demon-
strate six acid mucopolysaccharide fractions with different mobility
Staph anr Cowan’s groups 1,11 and 111 The fractions differed from one
group to the other, thus demonstrating the occurrence of acid muco-

polysacchanides to be charactunistic of different groups of staphyloc-
occl )
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110° C thc'cgllulnsc acctate paper was stawned for 10 minutes with mucscaemine (2 g
per cent W/V in 50 per cent ethanol) The hackground was decolorized with 10 per cent
acetic acid Finallv the paper was dried under pressure between two parts of filter
paper The electrophotetie patterns of the acid mucnpolysaccharsdes were correlated
to the patternis of standard salutions of heparine (\O'0), chondroitinsulphate (Sig
ma} and hvaluronie seid (The Serum Institute Capenhagen)

RFSULTS

Figure 1 1llustrates the results In the pooled mixture of the extracts
from the three groups, 6 acid mucopolysaccharde fractions can be
visualized {fraction 1-6) The three most anodic ones hase mobilities
as chondroitinsulphate, but no one had the same molthty as heparine
On the other hand the most cathodic fraction had the mobility corre-
sponding to hyaluronic nctd In the mtermediate area two more frac
tions can be visualized, but none of these correspond i mohility to
any of the standard fractions

By companison of the extract of the single groups no one of these pos
sessed all of the fractions seen n the pooled preparation Thus the
Cowan group I does not have the slowest moving fraction, with a mo
lity hike that of hyaluromc acid (fraction 1) Furthermore, the two
most anodic fractions are also Iacking 1n this group (fraction 5 and §
with mobility as chondrosulphate A and B) These two fractions of acad
mucopolysaccharides with the highest mobility are present only n
Cowan group II This group contains obviously all of the acid muco
polysaccharide fractions with the exception of one of the intermediate
fractions {(fractiond), which 1s present in Cowan group I Cowan group
III contains the fractions 13, hut seems to lack the fractions -6, pro
bably the group of chondroatinsulphates

DISCUSSION

Among the aeid mucopolysaccharides most investigations concerning
bacteria have ficen centered around the presence of hyalurome acid
Thus carly myestigations scem to indicate that hyaluronic acid 1s pre-
sent 1 streptococet, but this compound does not possess antigenic pro
perhies (Quinn & Singh 1957, Seifter, Baeder, Beckfreld 1954) Isotope
sludies, furthermore, have revealed n streptococer the pathway for
synthesss of hyaluronie acid (cit H Gilnar 1959) Fmally the content
of hyaluronie acid 1n bactenia «eem prohably to depend on the content
of hyaluromdase, because penreillin seems to nerease the amount of
hyaturenic acid (et H Gibian 1959) Thus the existence of hyalurontc
acid 10 hacterias seems to be a well estabhished fact, especinlly m strep-
tococct The present investigations confirm that hyalurome aecid also
eust 1 some groups of staphylococes, but that hyalurome acid 1s Inch-

g 1n at least one of the groups (Cowan 1), which 15 probably charac-
tenistic of this group
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In a previous report (Jespersen 1956) the tuberculin sensitiity and
acquired resistance to tuberculesis evoked by subcutaneous or intra-
penitoneal yaceination of gainea pigs with varying doses (10--10 1 mg)
of BCG vaccme were studied The vacemation period was six {o sesen
weehs It was found that 10 mg BCG vaceine had searcely any immu-
nizing effect A dose of 10 > mg vaceine induced tubercubin sensitinaty
i approximately 50 per cent of the ammals and the sursival ime was
also prolonged 10+ mg vaccine immunmized practieally all of the ans
mals Though the survnal time was prolonged when ncreasing doses
of vaccme were used, there was no pronounced tiference 1n the degree
of acquired resistance between the 10 ¢ mg group and the tuberculin
positive animals in the 10 > mg group In a later study (Jespersen of al
1962) the tuberculin sensitinity and immumty seemed to mcrease n
guinea pigs saceinated subecutaneously with 10 mg BCG up to six to
cight wechs after s wccination, and 1n this dose range both scemed to
be influenced even by farrly small vanations 1n the vacemne dose

The aim of the present study was lo see whether the acquired res:-
stance and tubereulin sensitinity wduced by vacenation wath a large
{10 ' ng) and a small (10 mg) dose of BCG vaccine were different for
longer vacemnation periods The vacenation reriod saned from 1
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In a previous report (Jespersen 1936) the tuberculin sensitivity and
acquired resistance to tuberculosis evoked by subcutancous or intra-
penitoneal vaccinahon of guinea pigs with sarying doses (10 *~10 1 mg)
of BCG vaccine were studied The vacanation perrod was six to seven
weehs It was found that 10-5 mg BCG svacemne had scarcely any immu-
nizing effict A dose of 10 ° mg vaccine induced tuberculin sensitivaty
n approximately G0 per cent of the amumals and the survunal tume was
also prolonged 10+ mg vaceine mmumzed prachically all of the am-
mals Though the survisal tune was prolonged when increasing doses
of vaceine were used, there was no pronounced difference in the degree
of auquired resistance between the 10 ' mg group and the tubercuhin
posilive amimals 1 the 10 mg group In a later study (Jespersen ef al
1962) the tuberculin sensitivity and immumity scemed to increase in
guinea pigs vaccmnated subcutaneously wath 10+ mg BCG up to six to
eight weehs after vacemnation, and in this dose range both scemed to
be influenced even by faurly small vanations 1n the vaccine dose

The aim of the present study was to se¢ whether the acquired res:
stance and tuberculin sensitinity induced by vaccination with a large
(10 1 mg) and a small (10 mg) dose of BCG vaecine were different for
longer vaccination persods The vacematien period varied from 114
months to 9 months, and both sub and ntracut mlf_
ihods of vacemation were used

Turthcrmore, 1t was desired to mvestigate w
the tubcrculn sensitmaty and acquired fv\lsta:::h:: ]!;;:c(‘dumuon of
guinea piss 1s dependcnt on the persiste » vaccinated
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TAMPIRIMFNTAL

Groups of guinea pigs were vacemated at different times (see Table 1) with d ses
of 105 mg and 10 1 mg BCG The vaceinations were timed 30 that the )pu'md frc;l
saccination to challenge (performed on the same day for all the animals) was 1%
4 6 or 9 months Seven days before challenge all of the vaccinated animals and
three nonavaceinated control groups were gren antradermal tuberculin fests with
5 tuberculin units (TU) and four days bcfore challenge with 250 TU ATl of the
animals were challenged with a small dose of virulent hovine tuberele haeilli gen
mtrascnousls, «xeept for two (or four) from cach of the saccinated groups which
were kalled and cxamined for the prescnce of BCG bactcra The animals were ob
scrvid until they died of the tubereulous infoction The survisal time m days after
day of challenge was used as mndication of the acquired resistance

MATERIALS AND MLTHODS

Anunals The animals used werd albino female guinca pigs bred at the farm at
tachcd to Statens Scruminstitut At the commencement of the study e hdare
vaceination all of the animals weighed 250 to 300 gr They were fed on hay corn
mixture, and sugar heet or hohlrabr Two guinca pigs were kept i each cage

At the time of challenge the vaccinated guinea pigs varied in age from 3 to 11
months Three non-vaceinated control groups of animals aged 3 7 and 11 months
were therefore meluded in the study These antmals were all males since it was not
passible at that time to procure an adcquate number of fomale albinoe sunes pIgs
In addition a non-vaccinated control group of femalc guinea pigs was included
However this latter group was not tubereulin tested hefore challenpe as were the

ather animals

Nonc of the guinea pigs showed any reaction to a pre vaccination tubcreulin test
with 250 1U

1V accrnation with BCG paccine | reshly prepared Lquid BCG vacene from the BOG
Department Statens Scruminstitut contaiming 0 7% mg of BCG (semrdricd weight)
per ml was diluted to a concentration of 10 1 mg or 10 5 mg per 02 m11 The diluent
was diluled Sauton medium (onc part Sauton medum and three parls distilled
water) Fach animal was vacematcd subcutancously an the right inpuinal regron
w th 02 mlvacaine or intracutancously with 01 ml per site on two sites These two
1njections were made on a hine down the middle of the abdomen the one near the
lower part of the thorax and the other on the lower part of the abdomen The
vacemnes were protected agaminst hight during preparation and use and vacemats #t
was carmed out by artificral light

Calony counts of the vacunes were made after ipoculation on 1 owenstemn Jensen
mcdium 01 ml on cach of ten tubes with samples of the freshly prepared vacedne
¢ before vacanation ) and vacane exposed to the same conditions as the vacemne
used ( after vacemnation ) For two of the vacongs the colony counts were shightly
smaller after vaccination than before (sec Table 1)

On the basts of the colony counts (Table 1) the vaccination doses wert approxl
matcly 120 viable units (169 my) or 1200000 viable units (101 mg) cxeept fir
animals vacainated 1'% months before challenge where the doses were lower (ap
prouimately 60 and €00 000 viable units respectively)

Tubcrculin testing Seven days before challenge the amimals were given two intra
dermal tubcrculin injcctions of 01 m! oane on cach side of the upper part of the
back usmg Purificd Tuberculin (PPD) Hatch RT 22 Statens Scruminstitut The
dosc was 5 IU (0067 #g) per 01 ml and the diluent phesphate buffered saline with
001 per cent chiaosol

The rcactions were read after 24 hours by two independent readers The animals
were taken cage wise 1n random order the readers having no knewladae «f the
groups to which these hdonged The mean value of tso dismeters of crythema at
right angles to cach other was recorded The results grven are the averanes for the
two readers using the mean of the two reactions on cach animal

| The withors arc grateful 3 Mass & Bunch € hristcnsen BCG Department Statens

§ rarmnstitnt for prepanng and supplying the vaccine
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FAPIRIMENTAL

Groups of gamea pigs were vaceinated at different times (se. Table 1
o Wi a3
ol 105 mg and 10 1 mg B(G The saccmations were timed (w Lthn! the )pcn:n):l (:':u:n
\nL;:mnlmn to challenge (performed on the same day for all the anmmals) was 1%
ﬂ, b or § months Sesen days before challenge all of the \acewated animals 2nd
hTee non vaceinated control groups were given intradermal tubercubin tests with
3 tuberculin units (TU) and four days hefore challenge with 250 TU Al of the
amimals were challenged with a small dose of virulent bovine tubcrele bacll gien
itravenousty, exeept for two (or four) from each of the vacanated groups which
were halied and cxamined for the prescnce of BCG bacterra The amimals wcre ob
served untid thes dicd of the tuberewlous wnfection The survival time an day after
day of challenge was used as indiation of the acquired resistance

MATI BIALS AND METHODS

Anunals The ammals used were athno female guinea pigs bred at the farm at
tached to Statens Scruminstitut At the commencement of the studv e hel re
vacanation ail of the animals werghed 250 to 300 gr They were fed on hay ecrn
mixture and sugar bect or hohlrali Two pumea pigs were kept an cach cage

At the time of challeage the vaceinated guinea pugs racted w age fram 3 to 11
months Three non vaccinated control groups of amimals aged 3 7 and 11 months
were therefore included in the study These antmals wore all males since st was not
possible at that time to procure an adcquate numher of female albine guinea pgs
In additton a non vaccnrted control group of fumale quinea pigs was included
Nowever this latter group was not tubcreulin tested before challengie as were the

other amimalsy
None of the guinca piss showed any reaction to a pre vaceination tuberculin test

with 250 TU

Vaccination with BLG vaceine ¥ reshly preparcd hannt BCG vacant from the BCG
Department Statens Scrummstitut contamning 075 my of BOG (semidried werght)
per mi was diuted to a conecntration of 10 1 mg of 10 9 mg per 02 mi 2 The diluent
wasy diluted Sauton medium (onc part Sauton medinm and three parts distilled
water) [ ach ammal was vaceinated subcutancoush m the right mgunal regiont
W th 02 mlvacane or miracutaneously with 01 m per sitc on two sites Thtse twe
njections were made on a hine down the mrddle of the abdomen the onc near the
lower part of the thorax and the other on the lower part of the abdomen The
wacetnes were protected against light during preparation and use and vacanation
was carricd oud by artificial hght

Colony counts of the vaccines were made after inoculation on Towcnstan donsen
medium 01 ml «n cach «f tcn tubes wWith samples of the freshly prepared vacene
¢ hefore vacunation ) and vacane txbosed to the same conditions as the vacemne
wed ¢ aftee vaccination ) for two of the yacancs the calony counts were slighth
smalfer affer vacomaton than before (see Tabie 1)

On the bavis of the colony couats (Table 1) the yacaination doses Were a3 preyt
matels 120 viable units (10 my) or 1200000 viable umts (10t mg) exept fr
ammals vaccinated 1% months before challinge Where the doses were lower (ap
proramatcdy €0 and €00 000 viable unmits respectanedy)

Tubireulin tecftng  “oven davs before challeope the ammals were given twoantra
dermal tubcrcubin mpections of 01 mi one «p cach side of the upper put of b
bach using Purtficd Jubcreuhin (PPD) Bateh RT 22 Statens Scromiastitut The
dase way 3 TU (0067 4g) per 01 mi and the diluent phosphate buffered sabine wath
00t per cent ehinosol

The roncttons were read after 24 hours by two independent readers The animaly
were taken tage wise 1o random crder the rcadars having Do hnowludge of the
wraups to which these bdonged The mean value of two diamelers of crithuma 2t
fiht angles to cach other was recorded The results gisen ard the averages for the
(w1 readers uang the mean «f the fwo rcactions «n cach anrmal

€ The authors are grateful to Vi A Bunch Christensen BCG Degartment Slateny

Sepamumntitnt for preparing and supplying the vareine
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D) tr tution of tulercal  reactlons (erythema m mm) 10 5 TU of non vaccinate !
guinea pgs and gu nea pigs vace nated subeutancously with 10 mg or 10t mg
BLC vaccine at specif ed periods | efore testing

Intracutaneous vaccmation with 103 mg of BCG caused the tuber
culin sensitnngty to develop more quickly and the reactions were larger
1E1g 2) as compared to subcutaneous vaceination with the same dose
The mean size of reactions reached its maxuimum after three months
(11 3 mm) (Table 2) At that tune all of the ammals n the group had
larger tul erculin reactions than the control amimals After six months
the sensitinits had waned and one or two gumea prgs had comyj letely
fost their sensitivits to 5 TU The decrease in the tubereulin sensitivaty

tetween three and six months was not due to dulferences 1n vaccine
dosage tsee Tatle 1)
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Tour dass before challenge the animals were sted 1 the same was With a Jarper
dose—250 TU (3 3 ag)—of HT 22 per 01 ml The two mmdectrons with this dose were
guen on cach side of the lower part of the bach

Isolation of BCG bacterta from vaccinal(d animals At the timg of challenge tno
or four guinca pigs were sclected at random from each of the vaccinated groups
Lhey were anacsthetized with ether, and the mguinal hvmph node in the right
gron, the corresponding lumbar hmph node, haif the spleen, and a Mece of Iner
about 1 em} yn s17e, Were remosed by stertle sectjon The mdisidual organs werg
wlaced v sterde poreclun mortar and crushed by sigorous gronding for fne
minutes while about 1 m) of diluted Sauton medium was added The organ sus
ventsions wore inoculated on to fise Lowenstetn Jensen tabes without priar treatment
with sodium hydroxide The tubes were placed 10 incubator at 37° and the rosults
of culttire rcad srx weeks later

Lissue sbeamens were taken at the autopsy from the spleen, Itver and lungs far
tustologieal (xamination The organs were fixed in formalin, sectioned and stained
with haematoxylin-cosin and alse by the Zichi-Neclsen methed for cxammation for
tubercle hacill

Challenge 1he ammals were challenged with a suspension of virutent bovine
tuberele baeslhs stramn 68848 A suspension containing % X 108 mg of baodh
tsem-dried weight) per ml was preparcd an diluted Sautos medium usmg an 11
dav-old Boarcdka eulture Viable counts on I owcnstan-Jensen medium showed that
the suspension contaimed approximately 225 bacterial units per ml

T ach animal was njccted ntrayenously mto an car vein with 82 mi of bacterial
suspenston re 40 50 viable bacterial units The amimals were taken cage Wise
random arder and the challange process taok erght hours to perform The hactensd
suspension was profected agamnst daslight during preparation and ust Ractecial
counts on the suspension heforc and after use showed that a slight fall an the
pumber of viable unmits in the challenge dose had occurred during use the decrease
bang fiom approximatels 45 viable unils at the begmming to 25 to 30 viable nnts
at the nd of the process However, graphical evaluation showed that there was oo
rclationship between the order 1n which challtnge was carrnd out and the tenath
of the surysal time

The animals were allowdd to die spontancously The extent of the tubcreulous
mfcction on pest mortem cxamination was classified oy Tub B o Tub as
deseribed previously (Jespersen 1953) The survival time from dav of challenge for
the amsmals with madcrate ar seyere gencralized tubercatosrs (Foh 1% o1 Tub A8
was used as ndication of the acquired resistance

RPSUITS
Tubercultn scnsitwty

R tons fo o TU 'The reaction to 5 TU was Iess than 5 mm m all of
the non-vacanated ammals (Fig 1) The mean reactions for the 3 to
7 wonth-old aminals were 24 mm and for the 11 monih-old 13 mnm
{ I'ablc 2}

The magornty of the guinea prgs vacenaled subcntanconsly with 16
my B( G vacane gave larger reachions (1'ig 1) than the non-vaccnated
O the other hand, 1 each of the four groups vaceinated wath ihs dose
were a fow angmals without any tubercuhin sensiinsty  The mean roes
ton wcreased from 4 1 nun at 1Y, months to 79 mm at e1x months
Fable 21 At nwae months the mean reaction had deercascd to &3 mm

subcutancaus vacemation with 101 my of BLG vatane caused the
tuberculin sensitnaty to develop maore quickly, hut it also waned more
quickly (g 1) ‘1he wean reaction (Table 2) reached als maximum
after three months (9 6 mum) and had decreased constderably aftor ping
mor the (36 mm) By that e about half of the anunale had lost

thair tubcrculn sensibivaly w hen tested with 5 TU
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Fig 2

Distrzbution of tubcreulin reactions (ersthema 10 mm) to 5 TU of non saccinated

guinea pigs and guimea pigs saccinated intracutaneousls with 105 mg or 101 mg
BCG yaceine at specified periods before testing

Reactions to 250 TU The distribution of the reactions to 238 TU s
shown n Figs 3 and 4 (sce also Appendix Tables 1,2, and 3) As ex-
pected the reactions to 250 TU are larger than to 5 TU i all of the
ammals However, the difference in reactions to the two doses 1s smaller
i the controls than i the vaccinited animals In particular, some of
the vaccinated antmals which had lost their sensitinaty to 5 TU show
furly strong reactions to 250 TU Thus a hetter separation between vac-
einated and non-vaceinated guinea pigs is obtamed by the 250 TU test

By and large, the mean reactions to 250 TU (Tahle 3) rary i the
same £y as the reactions to 5 TU as far as the mfluence of the vae
anztion peried, the vacemation dose and the racanation route, are
concerned '

Thus the present study has shown that th
develops more quickly, reaches a higher maxy

e tubereulin sensitinaty
W ane snote quickly in guiner pigs saccinated {

mum level, and begins {o
niraculaneously with 10 s
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TABLE 2
Vean Size of Tuberculin Reactions (in mm) to Intradermal Tests wnth 5 T of
Von-Vaccinated Guinea Pigs and Gminea Pigs Vacewnated with BCG Vaccine af
Specified Perinds before Testing (Ench Ammal Gioen two Tests)

Group b Intra neoys saccination
< <
& s - | %: g| E§ « | S 5| TE
E =2 2 Fg & £ s 25 € £
\ £ 35 %% = £} =% - 2.2 I3
accine dosc 'ggé’i 25 §E_=_g _,;_: cé 2253 E;
SEEE| 2§ | 2w3E| 3% 2% | 2sEe| 7%
:1"/.: 19 41 19 2 73 26
21 65 32 2 13 14
105
mg BCG 6 23 79 31 2 83 24
9 25 63 25 - - -
1% 22 95 21 22 114 16
3 21 96 18 21 103 16
1
101 mg BCG 6 23 71 28 25 63 33
26 16 26 - -
N\on vaecnated controls
3 months old 20 24 11
7 . . 20 23 11
noo 18 13 13

Intracutancous vaccination with 10 1 mg of BCG vaccine caused the
tuberculin sensitivity to reach 1ts maxunum already after 114 months
when the mean size of reactions was 114 mm (Table 2) After six
months the mean reaction had decreased to 63 mm (Table 2), and
approximately one third of the amimals had lost their seneitivity to

5TU (Mg 2)

TABLF 3
Mean Size of Tubcrenlin Reactions (it mm) to Intradermal Tests unth 250 TU of
\on Vaccinated Guinea Pigs and Guinea Pigs Vaccinaled with BCG Vacine at
Specified Pertods before Testing (Fach Animal Guwen two Tests)

Group ‘ Intracut aceinatfon
Zs = |8 } i
Vaceine dose £3 % ££:% i3
g3 of | EFE 3%
FE 28 | Zvie | #%
It 76 2t 140 ;1‘1
1 36 21 160
10 5 mg BCG 6 33 2 145 18
9 54
1% 17 22 170 13
3 14 21 158 1%
10 2 mg BCG 6 23 25 140 22
] 31
Non vacanated contrals
3 months old 0g
7 13
un 20
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Distrsbation of tuberculin reactions (ervthema in mm) to 250 Tt of non vaccinated
fuinea pigs and guined pigs vaccipated intraculaneousls with 105 mg or 1071 mg
B(G vaceine at specified periods before testing

Surmval imes

During the saccination period 8 out of the 360 guinea pigs died of
mtercurrent disease

The non-vaccinated controls died from two to seven months after
challenge (see Appendix Table 1) The survinal ime was shghtly shor-
ter for the 3-month-cld males as compared with the 7 and 11-menth-old
anunals but the difference s hot statistically sigmificant (see further
betow) This 15 10 agreement sath some previons studtes (Duca 1948,
Swgnonini & Benelly 1955 and Harasawa et al 1956) {I, therefore, a
relationship between survival time and vaceination period 18 found
among sacainated animals this can reasonably be aseribed to a change
m the degrec of acquired resistance during the vaccination Penod
rather than o a change 1n nalural ressstance with age

‘The survnal times of the 3 month-old non-vaccinated male controls
are also shightty shorter than those of the 4-month-old female controls
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Distraibution of tubercubin reactions (crvthoma o mm) to 250 TU of non vaceinated

guinea prgs and gunca pigs yuonated subcetancously with 10 % mg or 101 mg
BCG vacane at speafied perrods hefore testing

mg of BCG vaceine as compared o subcufaneous vaccinabion with the
same dose When a larger dose of vaccine 1s used (10 1 mg) the tuber-
culin sensitinity deselops more quickly and begins to wane at an carlier
stage than with the small dose In some of the animals no tuberculin
sensitivity could be demonstrated after subcutancous vaccination wath
10> mg, ;cgﬂrdlcss of the lcngth of the vacemation period On the other
hand, all of the ammals vaccinated intracutancously with the same

dose were sensitive to tuberculin three months after vaccination
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Surproal tumes
During the vacanation penod 8 out of the 160 guinea pigs died of
mntcreurrent disease

The non saccnated controls died from two to seven months after

m the
rather 1 1ossianee w
ith age
The sutsinal times (f the Fmonth ofd non
vaccinated mal,
rre abso shightly shorter than those of the 1 month-otd l'c::lcoc(;)or:,llrt;?

[
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Relationstup between standard deviation of reciprocal suriival times and median
survival bimes for groups of non-vacemated guitea pigs and guinea pIgs +acoinated
subcut. 1y orntr 1y with BOG vaceme

Although the difference 15 not statistically significant, it may he a
“truc” cdifference, since H has heen obseried i two other studies {un-
published)

Anmmals vaceinated subcutaneously (Appendix Table 2) or mtra-
cutancously (Appendix Table 3) with BCG vaceine died somewhat later,
te from 21, to 12 months after challenge

A statistical evaluation of the surirval times of the various groups
ts given i Table 4 The arithimetie means of the reciprocal sursival
tunes (§), the standard deviation (sy) and the median surynal time

in days (.l) arc shown for cach group
Yy

In g 5 the standard deviations are plotted aganst the median sur-
sinal times The standard deviation decreases sath ncreasing median
survival time, a result sumilar to the one found 1n an earher paper
(Jespersen et al 1962)

The four control groups do not differ sigmficantly from cach other
{see Table 4) The reciprocal survinal time varies on an average of
about § = 0 0088, with the standard desiation s, = 00023 The stan-
dard deviations for the groups vaccinated intracutaneously are all
sigmiicantly lower than for the control groups The same 15 true for
the subcutancously vaccwnated groups where the meduan survnval time
exceeded 145 days, exeepting the group sacanated with 101 mg of

BCG 9 manths before challenge
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Sigmficant deviations in median survnal times of vaceinated groups
as compared {o control groups are marked 1n Table 4 All groups of vac-
cinated amimals, except the two vaccnated subcutineously with 10
mg of BCGL vaceine 1% and 3 months prior to challenge, deviate sig-
mficantly from the control groups Except for these two groups, there
are no sigmificant difference 1n the survinal times of the svaccmated
amimals For these two groups taken together, the median survival time
15 significantly shorter than the median surinal times of the groups
vaccinated subcutancously with 10 » mg of BCG 6 and 9 months before
challenge In contrast to this the median survival time 15 shorter &
and 9 months after subcutaneous saccination with 10 mg of BCG
than 114 and 3 months after vaccination The difference 1s not signifi-
cant as regards the median survival time, but the standard deviation 15
wsgmficantly greater n the groups with the long tacaination time,
which might be due to a decrease in resistance 1n some of the ammals

Relattonslap belween tuberculin sensittwtly and survwal fime

Distribution of the groups according to tuberculin reactions below
and above 6 mm (230 TU) (Table 5) shows that the survival times of
ihe anumals with small reactions generally are somewhat shorter There
15 1 sigmficant difference in survinal times for the groups vacemated
wilh 10 mg of BCG ninc months prior to challenge, even though the
rvalue s, = 00023° 1s nsed Howeser, as regards the 10 1 mg group the
deviation 1s just on the horderline of significance

A relationship between the tuberculin sensitinaty and the survival
ume for amimals within the two groups can he demonstrated n two
mstanees This apphies to the group vaceinated subeutancously with
10 mg of BCG six months prior to challenge (TR > 6 mm) nml-somc-
what surprisingly to the control group (TR =6 mm) where there 15
aweih positine corredation (statistical analyas not shown}

The median survisal tume of amimals with TR > 6 mm saconated
subcutancously with 10 » mg of BCG 1% and 3 months before challenge
(130 dws) 18 sigmafie intls shorter than that of guinea pigs with TR >

6 mm vaccinaled at the same time with 10 1 m 7
AN g of BCG {167 dass and

Prrsssiens s of vaable BE G bactorie e the racernated anmals
The resulls of culturc from organs of the vaccmated animals killed
1 the time of challenge are shown in Table § together with the tub:r(
1102 mg BOG y (T ) == 0 0099

00064 w= 0 003

St == onn23f L TE
‘5’,,0 00012

100 Mg BOG y (duf s = Q0087 © 0062 me p o3

- T
A ""”"‘JV. w000
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TABLE ¢
Isolation of BCG Bacterta from Vacetnated Animals

Group Sub vaee 1 I
—_ _OUTcutancons vace
\nec | Am Culture of | Tyb l
Vaceine dose | Uatlon wal l)mgh nodes |m‘;e§:f|‘3n l)(v: ll:";:m'izs ||'ll:‘::::tlluﬂn
period Guable unis | 102 (rable tmts | 1020 T
months per tube) (Iu mm) per tube) (o mm)
1% 1 0 26 0 134
2 ¢ 39 0 124
3 1 0 125 0 156
% 21-(; 154 2 155
10 5 mg BCG 156 not examined 13
& B 2 29 136 o 119
g 1 0 37 - -
2 3 126 - -
3 1 142 - -
4 [} 75 - -
1% 1 5 166 a 160
2 [ 174 0 161
3 1 1 174 o 170
R ? g 128 0 163
6 124 0 11
101 mg BOG 2 0 119 o e
9 1 0 109 - -
2 0 101 - -
3 0 131 - -
4 0 44 -

Iner Culture negatise in all animals
* Culturc fram spleen positive, =1l ather animals negatisc

culin reactions to 250 TU BCG bhacteria could be cullured from nimne
ont of twenty ammmals vaccinated subeutaneously and from onc oul of
tuwehve ammals vacemnated intracutancously

Culture from the lymph nodes of <ome of the anunals was posine
three, six, and nine months after subcutancous vacemation with 103
mg and 114 and 3 months affer subcutancous vaceiation wiih 10 mg
It 15 striking that the two guinca pigs (saccinated mine months pre-
viously) from which BCG bacteria were cuitured had much sironger
tubercuhn reactions (126 and 14 2 mm, see Table 6) than the two
gwinea mgs from the same group with negatine cultures 137 and 75
mm, see Table 6) In one case, culture from the spleen was positine
However, cultures from the splecns of quite a few of the animals were
contanunated and therefore inconclusive No tuberele bacilli could be
cultured from the Iiners of the arumals

BCG bacteria were solated from only one of the anumals vacemnated
sntracutancously three months previously with 10 5 mg of BCG vaccine
The localization of the saccination mmjections nught hase heen a con-
tributory factor in the negative culture results for the amimals vacer-

nated intracutaneously However, 1f should alse be noled that the diffe-
rence 1n the frequency with shich BCG bacteria were isolated from

e~
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animals v ted sub 1y nd intr 1y 1s not stalis
tically sigmificant

The histological examination did not reveal any speerfic changes in
any of the animals and microscopy (10 minutes’ examiation of each
section) showed no tubercle bacilh

DISCULSSION

Acqured resistance As already mentioned the mamn object of the
present studv was to ascertmn whether a small dose of lining BCG
vaceme could evoke just as strong and durable a protection agamst
tuberculosis m guinea pigs as a large dose

It1s difficult to draw anv defimite conclusion from presious worhs on
this subject since the experimental conditions have varied from study to
study In the study by the U S Public Service Tuberculosis Program
(1930a) with avaccination period of five weeks and intracutaneous vac
cnation of large groug s of amimals the degree of resistance acquired by
guinea mgs was found to wncerease systematically with the vaccaine dose
whichyvanced from 0 00075 mg to 7 5 mg Using avaccination period of six
wecks Colin el al {1958) found that out of si1x guinea pigs vacemnated
with approumately 29 viahle uads of BCG vacemne by inhalation four
Yecame tuberculin positine and acquired a resistance similar to that
acquired by ammals which had mhaled a dose 100 times larger The
tno other ansmals vaccinated with the same small dose rematned nega
tive and had not acquired any resistance As mentioned in the introduc
tion using avaccination | er1od of seven weeks and saccine doses ranging
from 10 % mg to 10 1 mg Jespersen (1826} found that the degree of ac
quired resistance ncreased with the vaccine dose op to 00001 mg A
further increase m the vaceme dose had only a shight effect Simiar
results were obtained in a study on red mice using the same vaccma
tion period (Jespersen 1954) Using a vaccination g eriod of six months
and four different sub strains of BCG on large groups of anumals W dis
etal (1960) observed that the degree of acquired resistance mereased
with the vaccine dose for all four sub strains although to varying ex
tents for the indinidual struns In their studs the vaceme dose saried
fn‘m ] u;nzo mg to 002 mg (Vandwsere & W slhs 1961)

n addition
e of audunred revsionce 2150 1o 1 e ey TS e
sursial lunes were used m the study by th S Papient studies The

Tuberentous Program (195007 aml)b e U S Public Heaillh Service

3 Jespersen (1906) Willis of af

1160) swenficd the animals at a certain time and judged th.

f:f, :hsl} l:l;;-rculnux wnfection w the wndnaduz) amm:ﬂf Coh(;z e:}e:[t
qu;\ 'mnll ‘;‘l‘u“:“ ammals nd porformed quanttative culture from
he ch:

N ’:Iu‘ ;:hﬂcl‘l_('nl».c dose and route of snfection also varied from one study
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TABLL 6
Isolation of BCG Bucteria from ¥ accinated Animals
Group Subent; sace Tnat
A
Sacet | AT | colure ot | Tubere Culture of ubesey
Vaccine dose "“"g:; no lem h nodes [inreaction]  Jymph nodes | Hp reaction
per (viable units [ 10200 T | (v1able units | 10240 T
months per tube) {in mm) per tube) {in mm)
12 1 0 26 0 134
2 0 39 0 124
3 1 0 125 0 158
( ? 22 154 2 155
10 5 mg BCG 1 0 156 not cxamined 13
k OLH 2 29 136 0 149
9 1 0 37 - -
2 J 126 - -
3 1 142 - -
1 0 75 - -
1% 1 5 166 0 160
2 § 174 0 L3
3 1 1 174 o 170
. 2 0 128 0 163
wrimens  © 0 15 0 it
9 1 0 109 - -
2 0* 101
3 [ 131 - -
4 0 44

Liver (ulture negative 1n all animals
* Culture from spleen positive all other animals negatsie

culin reactions to 250 TU BCG hacteria could be enltured from nint
out of twenty ammals yaccmnated subcutancously and from one oul of
twelve amimals vacemated intraculancously

Culture from the Iymph nodes of some of the ammals was positnne
three, six, and mine months after subeutancous vaccination with 19
mg and 114, and 3 months after subeutancous vaccination with 10 1 mg
It 1s striking that the two gumnea pgs (vaccinated mme months pre-
viously) from which BCG bacteria were cultured had much stronger
tuberculin reactions (126 and 142 mm sec Tabie 6) than the two
guinca pigs from the same group with negatine cultures (37 and 75
mm, sce Table 6) In one case, culture from the spleen was positive
However, cultures from the spleens of quite a few of the amymals were
contaminated and therefore inconclusive No tubercle bl could be
cultured from the livers of the animals

BCG bacteria were 1sclated from only one of the antmals vacemated
intracutancously three months presiously with 10 " mg of BCG vaceine
The Jocalizalton of the vacesnation njections nught have been a con-
tributory factor m the negative culture results for the animals vacer-
nated ntracutancously However, it should also be noted that the diffe-

rence m the frequency with which BCG baeteria werc 1solated from
g
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In the same wav as {he resistance the tuberculin sensitiaty devel
oped more slowly after subcutancous vaceination with 10~ mg than
with 10 * mg The mean size of reaction was not as high with the small
dose as with the big dose part!s due to some ammals still bemng nega
tive after vacaination with the small dose

When njected mtracutaneoush there was much less difference n
the degree of tuberculin sensitivity mduced by the two vacemne doses

As regards both vaccine doses a wane i tuberculin sensituaty could
be observed with the longest sacemnation pertods The earhiest decrease
(after three months) was seen in the ammals vaccinated mtracutane
ousls with 10 1 mg of BCG and the latest (after nine months) 1n those
vacernated subcutaneously with 10 » mg of BCG 1 ¢ in the ammals with
the poorest vaccination Thus tubercubn sensitinity apparently be
gns to wane first in the groups which deselop tubercubin sensitinaty
most rapidly In agreement with a previous studs on BCG vaccmated
guinea pigs (Tolderlund ef al 1960h) the degree of senstiity six to
nine months after the vaccination was very much the same 1n ammals
vacemnated with the small and with the large dose of BCG As in the
abiove mentioned study by Tolderlund et al the present work indicates
that the tuberculin sensitnaty of guinea pigs 1s maintained almost as
Yony, after sacciahion with 10 3 mg vacaine as after vacemation with
10 ' mg, However 1n humans the degree of tuberculin sensihivity seems
to increase with fhe size of the vaceine dose and to reman at higher
tesels for years (Tolderlund et al 1960h)

Persistence of viable BLG bacternia wn the vaccinaled amumals 1t 15
1robable that the resistance acquired by the gwinea pigs also tends to
cluminate the BCG bacteria thus reducing the tuberculin sensitivity at
the same stagc Howeser 1t 15 not know with certamnty whether the
duration of the tuberculin sensitinaty and the acquired resistance 1n
BCG vacoinated guinea prgs 1s conditioned by the persistence of viahle
BCG bacteria in the host
nu’!r;::'v{:r:;c:r: ;!u:b on this aspect was carried out on a relatinels small

mals onlv and therefore no definite conclusions can be
drawn

Ih: \-:‘lllllr:':"fl‘nm the regronal l:m;h nodes was positive 1 about half
pigs sacemated subeutancously Tuberele baeilly could be
demonstrated up to moe months after vaceination wath 10
«nly up to three months 1fter \accination with 101t
rom which bacteria were cultured had much

stronper tuberculin reactions than the two ammals from th
wrei) with negatne cullures ¢ same

Steerfie histologieat changes
o s o e plon and ungs wcre ot o
Ncelsen stamned sections from the erammation of Ziehl

e organs did not
of tubercle baeilh not rescal the presence

* mg but
mg As mentioned

" 562



208

The present work shows that development of the acquired resistance
15 shghtly retarded after subenlaneons vaccination with the small dose
(10 % mg) as compared with the large dose (101 mg) Or, resistance
after subcutancous vacemation with 10 5 mg of BCG may have devel
oped at a shightly slower rate m this study than i a Previous one
(Jespersen ot al 1962) Howeser, with vaccmation periods of <1x nd
mine months, the median survival times of the animals yacemated with
the two doses are sumlar, viz 150 days and 141 days for 10 5 mg, d
142 days and 151 days for 10 1 mg At that stage apprently there 1
a shight decrease m the survival times for some of the ammils vie
cmated with the large dose The median survival times for the ammals
vacemnated subcutancousty with 10 » mg 1s not at any stage as long as
the longest mean survival times for the other groups (165 to 168 days)
This ts probably due to the fact that a few ammals 1 the groups vac
anated subentancously with 10 5 mg had not developed any resistance
In any esent, this dose was so small that a few anmimals 1 each of the
groups did not become sensitnve to tuberculin

As regards wnlracnlaneous vaccination, there 1s no sigmificant daffes
rence in the degree of acquured resistance for the two doses, irrespectine
of the vaceination period It 1s remarkable that the Iongest medim
suryival time was found i the groups vaceinated with the large dos»
1% months before ch illenge and wath the small dose six months hefore
challenge (168 days)

No significant deercase mn the median surynal time has been domons
stratcd in the present study, regardless of the dose of vaceme and the
vacemation route This s m agreement with the findings 1in a previous
work (Wagnusson el al 1960}, where the amumals were also wfected
intravenously with a small dose of virulent tubercle baeill and where,
generally speikng, the same median survival times were observed two
and nine months after fracutancous vaccinalion of gumea pigs with
0075 mg BCG It would scem, therefore, that considerably longer vac
cination periods than those uscd in the present study are required m
order to reveal the relationship between the vaceine dose and the durt-
tion of acquircd reststince  at least sath the BCG strain uscd m this
study
Tubcrenltn sensttitly The mean size of tuberculn reactions of the
groups differed sigmificantly in a number of cases, both as regrds b TU
and 250 TU In agreement with the findings an a previous study (Jesper-
sen & Macheprang 1959), diffcrentiation between the BCG vacemated
and the non-\acemated control ammals was more distinet using 250 TU
than with 5 TU Since m the present study the difference m mean size
of reactions to the two tubereuhn doses was 1trger for the longer than
for the shorter vaccmation periods, the better separation wath the Trgc
dose may — 1n this study, at least — he due pirlly to the resensibzing
offect of~ the 5 TU test 1n anmimals with waning tubcreulin scnsitinaby
(Vagnus 1957, Magnusson et al 1960 and Teolderlund ¢l al 19601)
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In agreement wiih a number of previous studies {sce references 1n
Magnusson et al 1960} a considerable fall in tuberculin sensihvity
without any sigmificant decrease 10 acquired resistance has been oh-
served in the present study

Sigmficance of vaccination route In a previous study (Ornstemn &
Stetnbach 1928) the tubercuhin sensitnily and the degree of acquired
rusistance were greater after intracutancous yvacanahion than after
subcutancous vaceination of amimals As regards humans, ntracuta
neous vaceination with BCG has resulted n stronger tuberculin sensy
vty than the subcutancous meihod {Someya ef al 1952 and Edwards
of al 1933) In agreement with these studies, the present work has
shown that the threshold value, t e the smallest effective dose, both as
regards tuberculin sensitiaty and acquired resistance, 1s highter when
guinea pigs are vaccmated subcutancousty with sable BCG vacome
than when saccinated ntracutancously

SUMMARY

Groups of female guinea pigs were vaccinated subcutancously or
intracutancously with a fairfy small (10 3 mg) or a larger (101 mg)
dose of hquid BCG vacene at varwous times On a certam day 1% 10 9
months after vaccination, all of the amimals and the non saccinated
controls were tested intradermally with 5 tubereubn units {TU) and
three davs later with 250 TU Four days later a few of the amimals 1n
eich group were hilled and examned hacterwot Uy and histol
ally for the presence of BCG bactera The other amimals were c}:al
lenged intrasenousls with a small dose of svirulent bovine tubescle
bacill and the survival times recorded

BCG Icterta were cultured from the regional Iymph nodes 3 to 9
months after subcutancous vicemation with 105 mg and 1Y, to 3
months aflter subcutancous yvacemation with 10 ' mg of BCG )

Al of the sacematcd animals, except some vaceinated subcutancous
with 10 % mg deseloped tuberculn sensitinity  This developed moi‘
quichly reached 4 hagher level, and started to wane earher 1n anim rl‘
viccinited with the large dose Tests with 250 TU gave a clearer dlsh:c

tion helween non vacein:
ton cinated and BCG vacewnated gminea pazs than

All of the v 1ecinated groups except two vacanated subeutan {)
with 10 # mg of BCG 1Y and 3 months before challenge, show dm‘“ y
milicantls prolonged survival time as compared to the ;mn recingte
controls Resistance was acquired more slowly after subcut: ot
:llmhnn with the small vaceme dose, but afier six and n?::o:li‘?lc.
L s W o o oot st oched b
dose was 18 efleelne as ‘;;:lva\u(;‘,nh‘;? made mirteatancotsls, the smll

184
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Vogelsang & Welteland (1960, 1961) have recently examined, on 1
large number of amimals, the spread and persistence of BCG i the
guinea pig after intracutancous mjection of 01 mg BCG As n the
present study, BCG could be found 1 the regional lymph nodes for a
short period only To begin with there was coptous growth, hyt after
twelve weeks the growth was sparse and occurred irregulirly, to dis
appear completely one month later. There was scanty growth from the
spicen of a few amimals for the first six wecks after mjection Histo-
logical exammation revealed scanty and nconstant proliferation of
epitheliond cells in the follicles up to the nmth wech

Relationship behween bercalin sensiily and acquired resislance
to tuberculosts "lhis aspect has heen discussed t many publications
and has given risc to widely varying cvaluations Here discussion will
be limited essentially to the relationship between these two properties
after vaccination of guinea ugs with a small dose of viable BCG 1n the
period during whieh the vacemation effect 1s under deyvelopment This
question has also becn examined 1n other presious worhs (Jespersen
1956; Jespersen & Macheprang 1959, and Jespersen et al 1962)

It 15 generally found 1n these experiments that erther both the tuber-
cuhin senstbvty and acquired resistance of the mndividual animals are
prescnt, or that neithier of them can be demonstrated Animals which
are sensitive to tuberculin after vaccination with a small dose of BCG
have a longer survival time after challenge than non-vacemated con
trol anmmals, wlilst antmals which hasve not developed sensitinty to
tubercufin do not {tve longer ¢han the controfs On the othcr hand,
irrespective of the vaceine dose, generally a relationship between the
degree of tuberculin sensitinity and acquired resistance cannot he de-
monstrated, even though in some groups there are ammals with small
tuberculin reactions An exception has been found 1n the present studs,
where a shghtly positine redationship has been demonstrated within
two groups, one of Which 1s a control group A work from the Tuber-
culosts Program, U S Public Health Service (1955b) reports the finding
of a shight dependence

In two cases the tuberculin sensitinity and acquired resistance pro
bably did not dovelop simultincously A group of eight amimals yac-
cinated with 10° mg of BCG aght to twdlse weeks bfore challenge
were not tuberenlin posiiive at the time of challenge but had a sigmfi-
cantly prolonged survival tune (Jespersen et al 1962) This obseryation
has heen discussed previously (Jespersen ef al 1962) In the present
study gumea pigs which were sensittve to tubereulin (1R > 6 mm, 230
['U} 11-3 months after subcutancous vaceintion witht 10 5 mg of vac-
cine had a somewhat prolonged survival time but the mcerease in re-
ustance was not statistically sigmficant This result dovates, as fir
16 the three-month period 1s concerncd, from the findings m a previous
¢xperiment carried ot under the same expt rimental conditions (Jesper-

scn et al 1962)
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i agreement with a number of | revious studies (see references mn
Vagnusson et al 1960} a considerable fall m tuberculin sensitivaty
without any sigmficant decrease m acquired resistance has been ob
served 1n the present study

Sigmficance of vaccinahion route In a previous study (Ornsfeut &
Stewbach 1998) the tuberculin sensitivity and the degree of acquired
resistance were greater after intracutancous iaccination than after
subcutaneous vaceination of apimals As regards humans intracuta
neous vaccination with BCG has resulted 1n stronger tubereulin senst
tinity than the sul cutancous method {Someya et al 192 and Edwards
et al 1903) In agreement with those studies the present work has
shown that the threshold value te the smallest effectine dose both as
regards tuberculin sensitisity and acquired resistance 1s higher when
guinca pigs are vaceinated subeutaneously with viable BCG saccine
than when vacemated intracutaneously

SUMMARY

Groups of f{emale guinea mgs Wwere rvaccnated subeutancously or
intracutancoushy with a fairls small (10 * mg) or a larger (10! mg)
dose of liquid BCG vaccine at vatious times Qn a certan day 11 to 9
months after vacenation all of the ammals and the non vaccinated
contrcls were tested mtradermally with 5 tuberculin units (TU} and
three days later with 200 TU Four days later a few of the ammals
ch group were hilled and d bacter: y and histolog
uls for the jresence of BCG lacteria The other animals were chal
fenged ntravenously with a small dose of virulent bovine tubercle
E el and the survisal times recorded

BCG bactenia were cultured from the regional Iymph nodes 3 to 9
months after subcutancous vaccination with 105 mg and 1Y, 0 3
months after subcutancous vaccmation with 10 * mg of BCG

Al of the vactinaled animals exee} t some vaccinated subcutaneous!
with 105 g devclopod fuberculin sensitinaty This developed mori‘
quichly reached a hagher level and started to wane carlier i animals
vacemnated with the large dose Tests with 250 TU gave a clearer distine
t:?;\L betwcen nen vaccmated and BCG vacoinated Bomea migs than

All of the vacanated groups excet {wo saceinated subewlaneoust;
with 103 mg of BCG 1'% and 3 months hefore challenge show d(. P
mlianthy prolonged sunvival time as compared to the non et
contrels Resistinee W s aequired more slowly after sube: la\\ccmntcd
anatt o with the small vacene dose but after six nndun A
there W< no dilference in the degree of aequrred rc\xslnnczzc\(::zsll‘:

the lno d ses WY
en \ iccination was made i
rac
&8¢ w1 effectine as the Lig one plancowsts the smal
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The threshold dose of viable BCG v iectne was ngher wath subeuty
ncous than with mtracutancous vacemation

There was no sigmficant deerease in the degree of acquired resistanec
m {he vacemated animals

The rlationshep between tubereuhin sensitiaty and acquirad rest
stance 15 diseussed
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‘The threshold dose of viable BCG vacemne was higher with subeutr
neous than with intracutaneous vaccinntion

There was no significant decrease 1n the degree of acquired resistance
tn the vaccmated ammals

The relationship hetween tubereulin sensitinity and acquired resi
stancc 15 discussed
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APPENDI,

Surowal Tune (in Days) after Challenge
Tuberculin Reactions (Frythema tn mm) to
of Guinea Pigs Vacomatel

10— mg BCG subcutaneoush

E Vaceantion
s
H 11+ months 3 months 6 months ' 9 monitie
s
Tuberculin Tabereu]
. Sur in | (yp | Tuberculin Tubereulin
: renctions e reactions I Surl Creactons | SUE 1 reactions | S
S |sTt]20Tt | ™ 50 20U | "™ 57 (2ot | Hme Srp|zeT | U™

1 30 (35 17* 90 150 87 25 (3% 8 30 Mo 16
2 30 (50) 81 50 (50) 8 50 55 w01 70 (40) 1
3 15 (40) 8 40 110 102 35 100 113 15 0 8
4 35 95 88 50 (85) 103 130 155 127 40 (110) 90
5 55 (20) 98 105 150 105 50 130 131 55 (25 M
6 35 40 102 35 100 112 45 115 131 45 0 1o
7 35 (95) 104 110 155 116 115 160 136 40 130 115
8 30 (70) 113 85 150 120 50 85 141 50 (135 126
9 60 100 117 60 135 125 119 145 144 55 140 130
1030 (40) 120 65 135 126 35 110 146 50 135 11
11 9% 40 125 85 125 128 §5 110 147 60 145 ¥
12 45 85 126 0 (110) 128 95 155 148 90 (125 18
13 70 135 132 20 (40) 137 &5 145 151 90 145 1%
1430 @5 13105 150 145 100 145 157 35 (125 188
15 30 (40) 143 25 120 15 110 145 161 50 120 167
16 35 (2% 147 85 140 161 §o 130 172 110 150 188
17 25 (30) 153 30 115 168 100 155 17¢ 90 170 178
18 5% 120 166 115 160 176 100 165 183 9% 165 118
19 45 (120) 177 75 140 183 90 145 18 100 155 18
20 40 (70) 228 85 150 218 90 (155 202 45 85 17
21 - § 50 (50) 231 50 (155) 207 105 145 193
22 - 3 - § 125 160 240 50 130 197
23 90 155 %07 85 (150) 197
24 - - § 75 135 20
a5 § 40 0 21

50 145 265

Tuberculin reactions 1n brachets w(re not sharp
Fach figure 1s the mean of two obseryations

* Amimal with tubereuwlosis indes = 11

§ Animal died before challenge



TABLE 2

wnth Viralent Tubercle Racili and Si7e of
> T and 250 TU at Tiume of Challenge
Subcutaneously with BCG Vaccine

104 mg BCG subeutaneously

penmid
11, months \ 3 months ] 6 monthe 3 mantbs
Tuberculin | Taberculls I Tubereul
| e | e | g T | e | TSR | s
STC 207U | Mme I sTU 2070 | "M S0 2o | M 5T 20T ] e
75 208 117 10 160 3" 90 (130) 76 20 (45 99
85 190 126 100 165 95 110 155 102 30 255; 103
120 150 126 100 (175 116 50 (110) 109 50 120 116
RS 160 13¢ w0 15 B 60 uz 0 (s 1
105 185 132 100 150 132 80 115 114 80 (130) IR
135 180 147 65 150 139 50 110 14 35 150 121
55 150 148 105 (I155) M0 45 100 125 40 (50) 131
wo 135 151 90 150 143 105 163 125 75 110 122
1;2 %: 1]20[ 23 (32) :F;l 85 135 128 0 (10%) 123
1 60 145 133
60 (160) 163 90 (170) 152 80 130 u'; ig r}gg) :3;
:2 (:::) :;g |g; :;g 157 25 @10y 130 75 110 128
2 40 120 151 80
|;3 17; 182 85 160 170 55 140 164 55 }gg) ::ﬁ
13 190 120 155 18 30 135 161 55 120 147
1o 165 192 110 175 204 70 120 165 35 125 147
e ’,?: ;?’9 100 175 215 45 (105) 16 55 105 156
20 113 20‘ 100 150 217 105 (150) 174 35 150 175
20 183 1125 165 217 125 155 188 35  (90) 118
S ‘15 'ﬁ?\ 1%2 :7: ﬁu 125 195 210 45 120 207
7 40 135 i
105 180 2442 95 (170) 261 6% (110) i;g 2?, ‘:75 32‘%
90 (150) 320 35 (110) 302
- § 30 120 318
- - Y70 120 304
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APPF\D

Surpwal Time (in Bays) after Challen
Tuberculin Reactions (Frythema in mm)
of Gunea Pigs Vacetna

10— mg BCG fntracutaneousty

3
Z \acemt
Z 1'+ months 3 months } & months

I

. Tuberculin Tubere;

: e B T B T T
H 510 | 2aTe | tme | TErET sa e ‘l time |57 [zetr | tme
1 45 150 104 100 (149 86 100 (140 108
2 85 145 109 125 180 90 45 10 1
3 30 (15) 112 120 160 126 10 190 12
4 70 145 118 125 170 129 105 14011
5 60 115 119 105 155 130 100 130 139
6 80 145 122 110 145 190 55 120 1y
1 10 175 128 100 15 116 80 (125 141
8 105 4% 110 130 160 140 90 155 M7
9 35 100 113 110 105 143 a0 %0 1%
10 90 185 195 15 170 145 30 S 1%
1 90 155 183 110 175 M7 10 125 156
12 75 65 159 125 160 155 60 135 187
13 15 40 1o 120 160 156 100 120 188
It 70 50 162 95  (170) 158 80 150 1
1% 90 15 165 R0 1o 161 5 a6y
16 120 (150) 172 100 150 163 100 1 186
17 50 165 172 145 170 185 100 155 1%
18 55 150 188 110 160 189 60 #0209
19 55 130 222 1Mo (179 199 100 "o 218
20 70 150 232 125 170 216 90 s 8
21 50 100 306 120 165 240 G0 165 220
22 ~ - s 6o W7
23 e 150 24
24 75 Ho h
25 105 145

Tubcrculin reactions in brackets were not sharp

§* == schratched 1¢ reaction not readable

1 ach figurc 1s the mean of two observations

+ Ammal dicd hefore challenge

§ tnimal lalled <ne year after chalienge Tubernlonts indox on antopsy =14
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TABLE 3

with ¥ irulent Toberele Bacally and Size of
5 TL and 250 TU at Time of Challenge
Intracutaneously with BCG Yaceine

10~ mg BCG intracutaneously

feriod
1 months 3 monlhs & months
Tubercutin Tuhercuhin ! Tnberealin
reactions | sureival reactions Survval reactions Survival

—| Ttime j———————  time time

>TL 24T ] oTL | 20TL f | stU | maTt
Mo 170 19 20 160 18 55 (135} 93
100 165 122 15 (185) 129 10 120 101
135 170 122 20 150 130 25 105 104
95 (18%) 138 85 135 134 90 175 121
1no 185 48 11s 155 138 30 135 126
120 170 14a 90 180 139 120 170 131
120 145 6 120 175 143 70 175 135
130 165 Hy 100 150 153 60 120 M1
105 160 133 85 160 155 90 165 143
80 205 162 125 1865 156 85 120 151
120 190 164 135 160 159 100 115 157
100 195 173 11 195 180 110 160 161
45 185 175 70 130 161 60 120 167
no (175 180 90 150 168 0 125 170
1o 181 95 185 172 85 170 172
1ns 175 187 120 s 173 15 125 122
125 165 193 125 170 176 70 175 1
ns 175 203 85 150 176 95 130 177
us 150 22 110 155 203 50 145 179
120 160 281 105 170 240 60 135 186
us 28 115 155 282 90 170 186
120 73 43 - 160 130 221
5 145 247
35 135 264
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THE USE OF FILTER PAPER
DISCS FOR ACAR GEL PRECIPITATION
By

SoNTA SCH £BEL
Recerved 16111 62

During recent vears elinical and brological investigations hasve util
1zed with ncreasing frequency serological tests in which antigen and
antibody diffusc toward each other through agar gel to react with each
other forming precipitate bands whose situation depends upon the
rale of diffusion and the concentration of the reacting substances

Many forms of agar gel prceipitation {ests have been described since
thes were introduced by Oudin (7 8) and Ouchlerlony (o 6) Later
various forms of micromethods have been developed e g, the one de
scribed by W adsworth (9)

However the macromethods as well as mrcromethods presuppose
techmenl equipment n the form of various moulds and cutters wiuch
ire not so casv to procure for all laboratories Moreover the current
metheds nvolve certain technical difficufties An attempt was made
therefore to simphfy the method Instead of wells as reservorr, dises of
filler pafer were used as reservoir These dises were of the same type
as those used n bacterial sensitinity tests

The special § roblems associated with diffusion from dises of filler
a5 er into the surrounding and underlving agar have previousls heen
studied v Frolund Thomsen and reported in his paper on haeterial
aensitivts tests (4) The present study was therefore enneernad marnt

« wpr] s the same good result as agar
& procapvistion b dhe wse ) Qucliteniany tretiad

Flek 12 3) has previousls tried using hiter Paper as reservoir for
antigen and antibody respectivels He used strips of filter paper After
hwang been immersed n antihody  the strips were embedded 1 the
agar while the Iatter was still iquid On the gellcd agar he then placed
sings of Dilter paper sonked 1n antigen at tight angles on the emhedded
enes TR also used a modifieation of (s method Instead of placing
:‘::‘f::‘.:“,“E".I.w.(.l:.lufl:(:‘.'. on top of the agar he noculated by a loop n

et
across the jlate the organisms whose

219



218
REFERFNCES

Cohn M L Davts € L & Middlebrook G Airborne Immu L
culosss Science 128 1282 1283 1953 * mzation agaunst Tober

Duca CJ Age Speerfsc Susceptibilaty to Tubereulosss T xperiments on Gurnea Pigs
and Rats Am Rev Tub 57 387 399 1948

Edwards L B Palmr C F & Magnus R BCG Vaceination WId Nlth Org Vmo
graph Series Vo 12 Geneva (1953)

Harasawa M Maeda M & Yoskida §  Agc Dafference of Speeific Native Resistance
to Tuberculosts Report 1! Observation of the Number of Inving Tulercle
Baeilli 1n Narious Organs Following Intravenous Inoculation by Age Groups
hekkaky, 31 540-543 1956

Jespersen A Autituberculous Immuntts induced 1 Red Mice (Clethrionomys G
Glarcotus Schreb ) By Vaccination with Lising BCG Influcnee of Vaceination
Dase on the Tevel of Immumty Acta path et microbiel scandinay 35
396 401 1954

Jispersen A Studies on Tuberculin Sensitinaty and Immunits 1 Guinea Pigs
Induced by Vacemation with Varving Dosts of B(G Vacemne Acta path et
microbio}l scandinas 38 203 210 1926

Jespersen A & Vackeprang B Immunny and Tuberculin Sensitivity in Gumnea
Pigs Vacesnated with a hnown Number of Viable BCG in Coarse Suspensions
and Iindv Dyspersed Suspensions Dispersed by VMeans of Ultrasonks Acta
Tub Scandinay 37 245-200 19,9

Jespersen A Bent-on W W & Magnusson f  Development of Tuberculin Sensitr ity
and dcquired Resistance ta Tuberculosts i Guinea Pigs Vaccnated with a
qanall Dose of B(G Vaceme Acta path et microbio) scandinay 55 291 304
1962

Vagnus A [ ffect of Intradermal Tuberculin Tests on BCG Induced Allergy Bull
Wid Hith Org 17 249-254 1957

Vagnusson M Jespersen 4 & Bent.on M W Revaccination with BCG vacane An
I xperumental Study o Guinea Pigs Acta Tub Scandipay 39 34 56 1960

Ornstetn G G & Steinbach ' M The Local Immunization of Gumea Pigs Agmnst
Tuberculosis by Intracutaneous fnfection with Tubercle Baailh of Low Vsru
lence Am Rev Tub 77 93 102 1928

Signorim I F & Benellt § * -
il peso deglt apamalz an

Somega § Aawamura J & ¥
and Booster BCG Inoeulation Bull Inst Pub HIith leokyo 1 43 6. looe

Tolderlund A  Bunch Christensen h & Waaler I Devidopment and Duration of
BCG Induced Allergy 1n the Guinea Pag Bull Wid Hith Org 22 177 181 19602

Tolderfund A Hunch Christensen A & Waaler Il Deselopment and Course of
Tubereulin Allergs i Gumnca Pigs Vaccinated with Various Doses of Danish
Ligquid BCtr Vacaine Bull WId HIth Org 22 185 196 1960b

Tuberculoses Pragram § S Pubhic Health Sert e Fxperymental Stuidies of } acoma
tion Allergs and fromuaity ww Tuberculosis 2 Fffect of Varying the Dise of
BCG Bull WId HIth Org 12 31 45 1955a

Tuberenl sis Program U S Public Health Serpice  Fxperimental Studies of ¥ accing
ticn Allcrgy and Jmmumty an Tubcreulosss Vo Relatin between Degree «f
Tuberculin Sensitrs ity and Resistance y the Vaceinated Indrvidual tm d s
2 185 199 195h

Vandictere H W & Wallis 21 S Immunogenie Studies ¢f Stapdardized B(G and Ry
% acane 10 Guinca Pigs and Humaos Paper presented al the \VIth Conference

* - ~ *T bercul sts Interlabe ratery ¥ xpernmenta
3 of BUG jonthy wath a group of con

N v7 8and 9 1961
Yogd . * 1o and Vialthty «f BCG After Jntra
- 4 m a4l 4 nea Do 3 B ewalogcal Txamunals ns Arta path

1 Viabiity of BCG After Intra
1wlogreal Limdings Acta path ct

. . Vetr et T Studics in Tubcrculs



221

Frg 1
12 & <cs of filter paper in 2 rows The discs in the first row contain antibody Read
g from the left undilute? % % ete Al the dises in second row contain the same
amount of ant gen (thyr globulm 04 per cent)

flate 15 ¢ be stamed 1t is advisable to wash out unprecipitated protein first by
| uring it over with phys logical saline and leaving it lo stand for 21 hoars This
lo sens most [ the dases « f filter paper and the remainder are easy to remove with
p neets The ) Iate 13 left € ¢ yet another 24 haurs 2t room temperature » ith distrlled
water Then it 1s dricl at T om tempertaure for approx 24 hours stained for 7
m nutes with Am do hlack and rinsed $ times for 5 munutes with a solution of
methanol After drying the plate may be stored Dunng this drving and staiming
s rocess the agar mav lo sen a bit at the edges but this may be avoided by adding
1 per cent glycerin to the rinses 10 order to prevent total drsing of the agar

RFSLLTS

To 1llustrate what 1s obtamable by the above mentioned method, 1t
was tested against a simple antigen antibody system which consists of
thv rogk and sefa ntaining antithy roglobu! This test was
carried out as  doublc  diffusion in ene dimension and the dises of
filter paper were placed 1n 2 rows of 6 dises (ef Fig 1) The antigen
te the thyroglobulin was used 1n a 0 4 per cent solution and placed 1n
the second row In the first there was a dilution series of the serum to
be mvestipated plhiced se as to have the undiluted serum in the top
left hand corncr and the most diluted scrum fo the nght As evident
from the illustration the precimitation bands were of the same situa
tion and the same apj earance as in the original Ouchterlony techmque
The ime which elapsed before a precipitation hand appeared differed
for the different mtisera MWith the present antigen anlibody svstem
Innds apjearcd at the end of from 24 hours to 14 davs

By wn of control the same experiment was carried out with wells
eutanle e igar These wells were of the ssme size as the dises of fifter
131¢r and flaced at the same mutual distance This showed that the
bnds appeired on the same day and 1 the same numbers as with
he filler § aper dise mddbod This control experiment was carned out
usIng 1 srong as wdll as a weah anlibods, since st mrght be tmagined
that with 1 we th antibods at would be easier to spot a difference ll',;omc
antibody should be ret undd n the dise of Oiter pper But this did not
::::::dmlh the quantities used n the antigen antibods system con
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toxin-produeing propertics he wanted to myestigate With hoth me
thods, precipitation bands appeared 1n the angle between anhigen and
antibody  Since 1t was difficult to obtam sufficiently high concentra
tions of the reacting substances i the filter paper, Llek tried to -
crease the concentration by drying n successine amounts m the filter
paper before embedding it However, this method has never heen gener-
ally adopicd

The disadvantage of Lllek’s method was the shght absorption ablity
of the filter paper It sccmed reasonable, therefore, fo use mstead dises
of filter paper which are thicker and thus able to absorb a groater quan-
tity in a smaller area

After a number of prehmnary expersments, the author succeeded
arrivng at the following method which appears to be applieable where
otherwise the conventional Quchierlony technique would be used

MATERIAL

Petrr dishes of plastic with a diameter of 875 cm

Difeo special agar 1 per cent in physiological saline with 1 per cent sodm azide

Disc A round filter No 2247 of 6 mm from Messrs Carl Schleichar & Schull
Dasse] Germans

Antigen Thyroglobulin prepared by the methcd of Derrien et al (1) dissalved 1p
buffered saline pH 7 38

Antibody  Human sera contamning antibody to thiyroglobulin stored unul use
at —20°C

Dyve A saturated solution of Amido black 10 B in the rinse menlioned below
filtered and diluted with 4 volumes of rinse

HRinse Vcthanol 4700 ml glacial acetic actd 1050 ml watcr 4700 ml

MF1HOD

Petrt dishes were poured with 3 ml of moltcn agar solution With Petrs dishes of
the above mentioned drametcr 3 ml has proved to be the smallest quantity which
can Just cover the entire battom of the dish by a laver of approx % mm Since i »s
mmportant that this layer be as uniform as possible 1t 1~ necessary to use dishes
wath 1 flat 1nner surface and to preparc the agar plates 1n a controlled he rizontal
position

After the agar had gelled the dises of filter paper were placed on the agar in the
pattern most suitable for the purposc of the test Accuraey n the distance betweent
the mdnrdual discs was « Btamned by placing underneath the dish a piece of paper
on which the pattarn was drawn The most suitable distance betwecn the dises

— was found to he 6 mm meavurcd fram perd
ed on the agar with a cursed ccular farceps
from the agar vers quickly it 1s necessary
3 as soop as possib]e after placing the dises

- antibody ¢mploved was 002 ml this besns
the maumum amount which the dise can absorh without anvthing leaking, out Such
Jeahage should preferably be avorded since 1t alters the distance that the substance

1 te diffuse In order to prevent drving the Petrr dish was then placed inoa morst
£° = 7C As maist chambers one can use

with a Iittle water yn the he ttom
N sands between two sources of dif

? and with 1 llumination
read daily PrelCtaty apdt suu s sacw bachground
st e Dauls readings were made sincc not only the nppearance of the pre

"07:1 tes but also changes 1t the pattern arc of impartance I desired the finmished
;‘I[:\cﬂ“f!h the precipmtation lines may be photographed or dried and stainad I the
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AN APPROACH TO TRANSFORMATION STUDIES
IN MORAXELLA

By
Kaeti B iR and S D HEVRIRSES
Recenved 28162

Genelic transformation of hactenia 1s considered well suited for the
clucidation of general biochemical principles which implicate nucleie
acitls 1 gendtic mechanisms (6,13) Transformation also seems to offer
the possibihity of studsing the genetic relationship between hactenal
strams as the degree of compatimhity of the DNA's of recipient and
donor cells may be interpreted to reflect thewr genelic homology (14, Ta
ao)

When relationships between sirams, species and genera are wmnestig-
ated by mcans of transformation, a quantitatine or semiquantitative
procedure 1s most often necessary Howesver, an exact quantitation 1s no
gurrantee that a given chart of transf 100 ratios is rep ne,
«specaally when only one strain of each speetes ss mcluded It should he
hept 1 mind that speesal affinities of a single stram mught possibls
cause confusion, uniil 1t has been proved that the stramn is correctly
named and that other strains of the same spectes hehave simlarly

The series of events leading to the formation of transformants (1, 7,
12) may be markedly nfluenced by vanations in test conditions Even
when different DYA'S act simultaneously on samples from the same
recipient culture, there may be factors which are not sufficrently under
conirol for a quantitaline measure For instance, the different DNA’Ss
may be operating at different degrees of saturation As pitfalls are num
erous, a quantitative transformation system should be built up step by
step, with ddanted studies of single factors Before sueh studes can be
accomplished however, there 1s need for a preliminary procedure which
ks transformants in at Jeast part of the system It 1 our wlention
to gne a deseription of such a simple fundament for transformation
studies 1n genus Moraxella, with streplomy e resistance as the genetic

marker I resembles principalls the one used by Catlin i transform
whon of Neissenae (4, 5)

MATERIAL AN\D M}THODS

Strainz ased Morazella nonliquefaciens 826 2770
21 £435 and &
from mosc eultures of outpatients Mcrazells bovs m?l)omixisic::!::;!}r‘:r:hzﬁg
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The mcthod has been suceessfully used also for preeipitation studies
of hepatic protein agamst the corresponding anfisera Also for com-
parative studies of antigens and antibodies 1t has proved applicable, as
1t 15 very easy to arrange the dises of filter Paper m a way suitable for
this purpose This gives the usual information regarding the wdentity
or non-wdentity of the substances depending on the crossing, spur for
mation, or interference of the precipitation bands

DISCUSSION

For testing a sumple antigen-antibody system the method has proved
equally applicable as the classical method Its great adsantage 1s that
very hitle equipment 1s needed, for instance no cutters or moulders
Therefore, 1t 1s very easy to change the arrangement of the resersorrs,
so that at all trmes 1t 1s possible to use the most suitable pattern
Furthermore, it posscsses many of the advantages of mrcrotechnique
requiring only very small quantities of antigen and antibody, te 002
m! The thm layer of agar reduces the cloudiness of the gel, and this
diminution of the third dimension facilitates the defection of fant,
densely placed bands 1t also facihitates the microscopre study, photo
graphy, and stamming of the bands The method 1s so sunple thet s
applicable with case 1n the quantitative study of antigens or antisera

SULMMARY

The author describes a simple method for performung agar gel pre-
cipitation using dises of filter paper as resersoirs for antigen and antt
body This method has proved casy and practical and appears to be up
to the conyventional Ouchterlony method i the myestigation of thyro-
globulin antibodies and other antigen-anfthody systems
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’ Iture age compostion of
more than 20 experiments with extensis¢ variations 10 cul
media dilutien and oxygen tension hefore DNA exposure as well as val"lallons in
the transformation procedure proper \one of the recipient cells @as abie to 0w
In the presence of 1sg streptomyan per ml applied In the same Wav as the 500
fold grealer quantity of streptomycin fn the performance of transformant selection,
te from the under surface of blood agar inoculated 6 h earlier and incubated al
312G
Transformation procedure 1 ml of recipient culture was added to 1 ml of brain

e Wi 1o uish of the same size, containmg beforehand a layer of £ ml
agar with 3 mg streptomycin per ml After close contact had been obtained between
the two layers of agar by simple manneusres this would gne a total of 500 ag
streptomyein per ml after diffusion had taken place The incubation was continued
for 2 3 days with plates bottom up in the same athmosphere Counts were then
made of transformants Number of exposed bactersa could be enunted earlier, as the
transformants generalls had a proneunced lag perio

Transformant colonies 1n & number of 10 to 20 from each transformation were
controlled by cultivation on hramn heart infusion agar contasming 500 #g strepto-
mycin per mt and on medium without ANl suspected t
colnnies tested were streptomscin resistant On no occasion geowth of Moraxella
occurred on streptomycin plates after exposure of sensilive hartera tn DAL wn

. . @ w e apdl Nanaled
warctuily Lhe aceuracy of counts seemed conslderable, as several mul

uple series of
rcadings seldom gave values differing by more than 10 per cen
TABLE 1
E -y Tranf Tests with Morazella Strans
‘Transtormants rer mlwith DN Fstracted
Heclpient Strain Fxposed Cells | rom Stealn
perml —————
| —w as | emp
W ealiquetacicns 826 15 x 108 <1 < 1
M lacunata” 7788 < <
(n nliquefaciens)” 63310 31600 33000 250
W bovia 9435 3 oxw <1 <10 <10 h
M liquefacens 7911 38 x 107 < <1 <0 2,.,
Fach of the hnrizantal lines represents simultanenus sym + = ¢ .
the same »= tn a= : . . ) .
Rt o o N B
numbers - . et *

© This strain was originally considered to b
bl whemically and culturally ji behaved like A)cn:n‘l(l:n‘:!::u\r!?';‘r;‘l‘: Jaeumata, but

13 acropati 56 2
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chncan Type Culture Collectson The remaining strains were recened from the
National Callection of Type Cultures London These are Moraxellh bovis 942 Y
raixella Jiquefacins 7911 and Moraxella *lacunata™ 7784 which 1 our hande both
biochemically and according 1o transformation pattern turncd out to he a non
hiquefaciens stram Al strams were studied biochemicalls and microscopically to
ensure that they were correcth named (3 8§ 9, 10)

Selechion of sireplomyein resistant mulants 4 strains were subjcted to seleton
of mutants for DNA extraction Mutants from Moravella nohliquefaciens 826 and
Moraxella *lacunata™ 7784 werc selected as described by Callin (4) The strepto
myesm sensitine mother strams were cultured i1n brain heart 1nfaston broth (Mfco}
with acration for 18 h at 32° C A quantity of streptonncwn sulphate sufficrent o
g1ve 500 #g per ml was then added After further incubation without acration sur
face inoculation was made on brain heart infusion agar containing the same quan
Uty of streptomycin pcr ml Mutants from Vloraxella hquefaciens 7911 were seleeted
by moculation of streptomyein agar surface vith the sediment from a centrifoged
18 h ald acrated hroth culture without streptomyen Mutants from Voraxella bovis
9425 were 1solated by inoculation of streptomiein free agar surface with the sedi
ment from an 18 h vld aerated broth culture devord of streptomyemn After growth
for approximatelh 6 h the agar layer was lifted from the Petri dish into another
Petrr dish contaiming a thin laver of agar with streptomvemn 1n sufficient quantity
to give 500 zg per ml after diffusion through the overlying agar This methed of
moving moculated agar mediwm with the growth side up from one Petry dish 10
another, 1s described 1n the section of transformation procedure

One mutant colony from cach strain was sclected for the following DNA oxirac
tion and transformation experiments, after contro! of its growth in medm con
tarming 500 s streptomscin per ml and 1 medm without streptomyem exeluding
streptomycin dependence

DA preparation Each sclected mutant was subjected to the following procedure
to obtain transforming DNA solutions The surface growth of 30 hlood agar plates
was harvested after incubation 1n a hurud athmosphere at 32° C for 20 h The ba¢
tersa were sespended m 70 ml of citrate buffered saltne (014 M NaCl + 0015 M
sodium entrate pH 7 4), the standard buffer of Zamenhof et al (16) Granular s¢
dwum dodecy wulphate was added to a final concentration of 3 to 4 per cent an
the suspension placed 1o a 68° C watee bath for 30 to 45 mn_In this nay fesis
scemed to be enhanced as compared with lower temperatures The relative terma
stainhty of the transformmg principle has been shown by Zamenhof «f al (16)
{tery «f al (2) have used high temperatures to inactn ate deovynibonucicase before
«xtraction That sufficient Ivsis had taken place was controlled by microscopic
spection of the resulting emulsion After cooling 2 volumes of 96 per cent cthanol
siere «lowly added while the container was vigouroush retatedl Iy hand The e
<ulting fibrous precipitate was lifted by means of a metal strajner and execss akeo
hol draned off Part of the precipitatc was flocculent and this part was obtamned
Iy centrifugation After druming off excess alcohol by 1mverting the tubes hoth
precipitates were dissolved together i 70 mi of 1M Va1 by mechanical stirring al
5° € for 1A to 20 h The resulting salution was then centrafuged (20000 X G 3°C ih?
1n rellulose mutrate tubes sterthzed by [V arradiation The supernatants were <o}
lected and preopitated with 1 volume of 96 per cont ethanol As an the preceding
alcohol precipitation two hinds of preapitate resulted the onc floating coherent
and ghitering white the other flocculent and stowly sehimenuing The precipitates
were obtuned ana dramned as described finalls dissolved n standard buffer sod
stored at —20° C Aftcr adyusting the DNA content to 75 xg per ml by the comven
tional diphcnvlamine reactron «f Dische this crudc extract was uscd m trans

£ = ¢ mhor dilution 1 bramn heart miusian broth
deoxy ribonuclease (S1gma) was dissolied M
a concentration of 10 mg per ml and stored v
the refrigerator Immediatdy briore use a muxture was preparcd 1h the proportions
1 part of deovinbonuclease solution to 4 parts 2 M Mgll to 5 ‘pn,h of 2 per f(-n‘\
gelat In the assay procedure a quantits of misture was uscd sufficsent to gn
10 ag per mi DNA solutiar or DNA/culture mxture N

Reciprent cells 12 h ald blond agar cultures with an addiienal grewth period o
13 h on brasn beart mfusion broth werc gencrally used in assass Incubation at
325C 1 a humd atmosphere Was apphied As a rule no attempt was made to obtain
S xamal competence Howeser Moratella nonliquefaciens 826 was subjected 1o
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with the reliability of counts when fhis method 1s wsed Exen shghtly
reduced oxygen tension may 1mpur gro% ih of these orgamsms, 2 fur-
ther fact 1n favour of surface grow th The method also permiis con-
suderable prolongation of expression fume, which may be of importance
i future studies of phenolypre expression

The taxonomy of genus Moraxella and s relabion to other genera,
e g Neissert, are matters under discussion 8, 9, 19, 11} Cnitena for
classification are (ew, m part due to low biechemical reactnaly in com-
men tests Transformation studies may perhaps elueidate some obscure
points of relationshup, wWhen a quantitated and representative system
has been buslt up Apart from seme mformation toncermng he apph-
cability of transformation studies in genus Moraxella, the pre<ent paper
docs not answ er questions concerming classification Therse 15, however,
a provisonal probality that Morazella bouts and Moravella nonhque-
faciens n lerms of transformation ratios may be said to hase been cor-
rectly classified as two tifferent species of the same genus (14, 15) At

present there 1< no other hiterature report on transformation of Mfora-
xella

SLMMARY
A temialne method for transiormation stuthes mn Moraxela s ge-
seribed Lidence for intr: 1c and fic transf ”
presented  Provisional transformation ratios for Moravella nenhque-
faciens and Moraxella bovis may mdicate their correct classification as
twa distinet species of the same group, but no definite answer as to the
taxonomic sahidity of this observstion can be gnen at the present tune
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RFSUL1TS

Some of the results obtained 1 transformation attempts followmg
ll‘lc deseribed method are listed in Table 1 Moravdlla nonhquef iciens
826 was also negative as reeiprent 1n more than 20 other expernnents
where the procedure was (xtensively varied, mcluding the use of 8 dif
ferent homospeerfic DNA extracts The transformation of Moraxella
“lacunata™ 7784 hy DNA cxtracts 826 and 7784 has been evident m
numerous additional experiments, and the one by DNA cxtract from
Moraxella bovis 9425 1 one more experiment following the standard
procedure In the latier experiment the yreld of transformants was ge-
nerally lower, but the proportions of hcterospecific and 1ospeerfic to
homospecific transformation were practieally the same as can he dedu
ced from Table 1 Smgle tests, in which DNA exposure time was pro
longed to 1 h, revealed distinet evidence of transformation by DN o
tract 826 of 3 additional M nonliquefacicns strains 2770, 4455 and 4436
One of these strains, M nonhquefactens 2770, was also tested m the
standard procedure with 15 mn exposure tune and simultancous expo
sure fo all 4 DNA's The transformant yield was low, but approximatels
the same with DNA'S 826 and 7784 A« mught be predicted, no trans
formants could be found at this low level of competence with DNA 9425
nor with DNA 7911

Moraxella hovis 9425 was m additional tests invariably useless as re
cipient, whercas M botis 10900 repeatedly was transformed by DNA
extract 9425 The stramm 10900 later dicd before 1t could be treated st
multancously by different DNA extracts according to the procedure
described

M hiquefaciens 7911 was not transformed by homospecific DNA m
any of a series of varied altempts, neither would this DNA transform
other recipients 1n additional tests

In an carly cxperiment essentially following the described method
with 10 pg DNA per m! and 15 mumn exposure time, hoth homospeaific
and 1sospecifie transformation of M “lacunata™ 7784 yielded more than
3 pcr cent transformants, which s approximately a 6 times greater
yield than histed m Table 1 It 15 obvious from the many prelummars
cxperiments which have boen undertaken, that competence of being
transformed fluetuates when no stabithzing measure 15 used

DISCUSSION AAND CONCIUSION

The described fundamental method for transformation studies 1n
AMoraxella does not differ essenhinlly from other, known, quantitative
procedures, but 1t has some advantages which scem to make it weil fit
for studies on transformation It permuts the direet study of transfor

mant colontes on the surface of the medium, whieh 1s prineipalls safer
N * need for a mosst

" * scem to mterfere
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WEEVERFISH TOXIN

Some Phystco Chemucal and Immunological Observations

By
E SKEIE
Recersed 19 iy 62

A previous work reported an extraction method which the wnter
found most smitahle for extracting weeverfish toxin (Skete 1962a) As
menbioned n that work, the foxieny of the different weeverfish toun
preparations produced by the wnter saried considerably Allowmg for
the amounts of saline used for extraction, the toieity of the secretion
remored from the glands varied from 2,000 o 10 400 DML per mi when
assayed intrasenously on white mice werghing 16 to 18 grams

Comparison of the venomousness of weeverfish toxn for small am-
mals with that of other amimal toxins, e g from the common Curopean
types of viper, Vupera aspis, Vipera ammodyles and Vipero berus, is
difficuit, since the toxicity of the latter also varies (Bieling et al 1936)
However, generally speaking, they appear to be about the same order
of magnitude

Though much 1s known from the hiterature concerming the effect of
weeverfish touin on varous small ammals (for referencees see Shere
1962h) enly Wile nformation 1s avarlable concerming 1is composition
Halstend (1837) wntes “Nothing is known of the chemistry of weever
senom  In 1960 Russel & Emery, tn a work on weeverfish toxin, re
ported the percentage composition of what they called the totin 1 a
preparation produced by extraclion of alf the hissue n the immediate
nughhourhood of the poson spincs Howerer, according lo the authors
the toniaity of the preparation was too weak o permut defermination
The higures are therefore confusing and cannnt ha #a? -

. L + sway uas ixtracted the venom only fr
the glands themselves and has tned to characterize and purnify lh)c lo:::
by means of v tnous punfication methads )




=

228

Henril sen § D Moraxdla Some problems of taxonomy and nomenclature Int
Bull hact Nomencl £0 23 28 19¢0

Henrthsen $ D Moravella The standing i nomenclature of various proposed
names Int Bull bact Nomencl 10 231 237, 1960

Hotchhiss B D Criteria for quantitative genetie transformation o f bactena In
Mcllron W D & Glass B edd A symposium on the chemrcat basts of
heredity The Johns Hoplans Press Baltimore 1957 pp 321 3%

Hotehhiss R D Transfer of penicillin resistance 1n pneumococer v the le
soxyvribonucleate dersved from resistant cultures In Adelberg | 4 od
Papers on bacterial geneties Tittle Brown & (o Ltd Boston and Torcnlo
1960 pp 169 176

Lewdy 6 IHNahn E & tlexander,II I On the specificity of the desoxymbo
nucleic acid which mduces strepte myan resistance tn Hemophilus J exper
Med 0% 305-320 1956

Lendy G Hahn } & Alevander II' B Inlerspeeific iransformation an Hemo
philus a possible index of relationship hetween 1l influenzae and H ac
syptius Proc Soc cxper Biol & Mled 702 86 83 1959

Zamenhof § Alevander H } & ITeuly G Studies on the chemustrs of the
transforming activity J exper Med 98 373 397 1953



THE SERUM AND TONOID DEPARTMENT, STATENS SERLMINSTSTLT,
COPFAHAGEN

-

WEEVERFISH TOXIN

Some Physica ¢ hemycal and Immunological Gbservations

By
E Snrnn
Received 19 iv 62

A previous work reported an extrichion method which the wnter
found most sutable for extracting weeverfish toxin (Skewe 10621) s
mentioned 1n that work, the toxicily of the different weeverfish toun
preparations produced by the wnter saried considerably Allowang for
the amounts of safine used for extraction, the touaity of the secretion
remosed from the glnds varied from 2,000 to 10,000 DML per m1 when
assaved intravenously on white mice weighing 16 to 18 grams

Companison of the venomousness of weeverfish touin for small ami-
mals with that of ather amumal touins, e g from the common [ uropean
types of viper, Vipera aspis, Vipera ammodyles and Vipera berus, is
dilhieult, since the toucity of the latter also varies (Beeling ¢t al 1936)
However, generafly speahing, they appear to be about the same order
of magmitude

Though much 1s known from the hiterature concerning the cffect of
weeverfish toxan on varous small ammals {for referencees see Shete
1962b), only lttle wnformation 1s available concermng its composstion
Halstead (1957) writes “ Nothing 1s known of the chemustry of weever
venom” In 1960 Russel & Emery, in a work on weeserfish toxin, re-
ported the percentage composttion of what they ealled the toxin m a
preparation produced by extraclion of all the tissue in the immediate

cighbourhood of the porson spines However, according to the authors
e toxaeity of the preparation was Yteo weal, to permut determination
The figures are therefore confusing and cannot be taken as a proper
dication of the composition of weeserfish toxin Nerther are they sut-
wh]rehior mahing comparison with siringray ton, as those authors did

e authar of the present study has extracted the venom only from

the glands themsclves and has tred to characterize and punfy the toxin
by means of various punfication methods

Financial assistance for this we rk has he
('A'almu and the Dantsh State Research Foundaren (o r{:m AN Pd"l’"'“ iy
on
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e ES P £ o o mp
Fig t
Spectrophatometry of F) A diluted 1 26
Curve B immediately afier extraction Curve (  after thawing from —60° € and
standimg at room tempersture for 14 davs The abseissa shows Lhe rvarious wave
lengths and the ordinate the extinclo:n

has been precipitated This was conhirmed by Kjeldaht analysis of the
same preparation, the protesn content before and after precipitation
being 10 and 6 mg per ml respectively Since the toxicity was un-
changed, an approuimately two times purer toxin can he obtamned in
this way wathout loss of specific material

Paper electrophorests was performed on the partly purified toxn pre-
paration F) A This was carried out sn Tris buffer at 025 mA em and
90 V for 18 hours After drying, the paper was stained with anudo black
and the result of the electrophoresss measured m a Spinco Analytrol
recorder The cunve obtamed 1s shown in Fig 2

The curve revealed three man fractions - one which moved very
slowly, and two moving more rapidly This 1s 1n good agreement with
the result of the density gradient zone electrophoresss experiment des-
cribed below (see Fig 3) Based on thesc results, the toxieity must he
supposed to be n the middle of the three fractions

Densily gradienl zone electrophoresis permitted fractionation of the
wan nd Ahen measurement of the activity in the vanous fractions
For this purpose an LBh clectrophoresis apparatus was used The gra-
dient was made up from saccharose dissolsed 1n Tris buffer v ith a pH
of 89 The tenston was 15 Vem An amount of 35 m] o
punlfied touin Fj A was used After electrophorests for 2
gradient with the toun was passed th:
meter at 234 mp and the tralnsmlssmv:l’:gh on itras et absorption

urve shown mn Fig 34 was
registered After having passed the absorption meter the fliud wa col-

f the partly
6 hours the
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OWN FAPFRIMENTS

Weeverfish toxmn exiract 16 an almost colourless flnd with shghily
mereased viscostty and pH about neutral pomnf The tovc part 15 not
talysable since after dialswis m cellophane tabmg for 24 hours 1t
+4° € aganst physiological saline 1t 1s found withun the membrane

The dry weight of one of the extracts, F) II, was found, after drymg
to constant weight at 100° C, fo be 13 2 mg/ml excludung the NaCL or-
gmating from the physiological saline used for extraction

The total mitrogen in the same preparation was found by the hyeldahl
method to he 21 mg per ml and the protan nitrogen 158 mg per il
{deternuned by Kjeldaht analysis of the repeatedis washed sediment
after addition of trichloracetic acid) On the basts of a mitrogen content
m the protem of 16 per cent, as m the majonty of genmne proteins
this would correspond to 9 9 mg protem per ml, or about 75 per cent of
the dry substance

Since Fy 11 contained 1,280 DML per ml, this 1s cquinalent to about
130 DML per mg protein

Precipifalion of the toxin with (NH, .80, was carried out at a pH of
approsmuatels 6 Prelimmary experiments showed that addiion of 20
Wi per eent sohd (NH:):SO¢ caused precyputation of a fraction which
could not, ar at an) rate to only a shght extent, be redissolved Thus was
irrespectiv e of whether precipitation was carried eut at room temperature
or at 4° C The fractions precipitated by 20 24 per cent and 24-28 8 per
cent redissobved easty and contained almost all of the towc protein
which could be recovered after precipitation In fraction 24 288 per
cent there was almost twiee as much of the foxic actiity as in frachon
20 24 per cent, while i the filtrate from 28 8 per cent precypitation
only traces of the toxierty remuned

In subscquent experiments the friction which preciprtated between
20 and 30 per cant AmSos was 1solated It appeared to contun only hatf
the original amount of protem per DML However the loss by thas pro-
cedure was w0 greal wmore than 70 per ccot) even when precuntation
was catred ont at +4° € that the method had to be abndoned heerse
of lack of merial

Specirophotomeltry of a crude extract, Ty \ contamning about b
DML and 10 mg protein per m), corresponding to 1hout 6 DML per mg
protemn gave the absorption curve shown mn Fig 1B

When the weever toxin, which had becn frozen for some time was
thawed and alfowed to stand at room temperature 1 coprous scdment
wperwred This oecurred without loss of toxieity provuded the toxn thd
nat stand for longer periods Spcetrophotometry of the supernatnt
{ram such a preparation which had been hept for 14 days 2t room tom-
perature g e the curse shown in Fl‘[,' 1c ':l‘hn curve b Ennsuh rably
lowcr position than curve B and a “purer” protem form Whan read at

278 my 1t can be seen that about half the protemn n the origmal solubion
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fraction 16 and decreases evenly to both sides Protein dcl(‘rmln{lhr:n
of that fraction showed 0 58 mg protein per ml, correspending to 235
DML per mg protein Thus the specific toxm seems to account for no
more than about 25 per cent of the protein i the original crude ma-
terial

IVMMUNIZATION FAPERIVMENTS

A few workers trie@ at an carly stage te immunize ammils with
woever toxin Briof (1902) ¢arnied out the hitherto most comprehensine
experiments 1 that field He was able to protect rabbiuts agunst tno
{ethal doses of town by means of two subcutaneous njections of a sub-
tethal dose In addibion, he proved that it was possible to protect rabbits
passteely agamnst small doses of toxin by myecting them beforehand
sith the serum from actively immunized rabhits

1In order 1o nvestigate further the antigenic propertics of weeverfish
toxun, the author has carried out a number of experiments on rahbits,
gumen pigs, and nnce with erude or parthy purified weever venom with
or without the addition of AI(OH)}s When AH(OH)s-gcl (Hansen 1941)
was used, 1t was added 1n amounts corresponding to 1 mg Al per ml in
the final muxture, by which means 50 per cent of the toxin was adsorbed
to the hydrouide

Detoucation of the tovin with vanous formalin concentrations was
carrted out followed by examination of the immunizing ahility of the
detoxscated preparalion on mice, both with and withaut the ad('hhon of
Al(OH)s

Blood samples were {ahen from the rabbits and guines pigs at dif-
ferent times during the immunization and the antibody 1 the serum
was assayed on the bass of sts ability to neutralize a certain amount of
toxin

For this purpose a series of mixtures were prepared, contarming a
constant amount of toxin corresponding to a final cone
proxumately 20 DML per ml and 2-3
standing for an hour at rnam dam
mjected intrayenously
two mice per mixture

1on of ap-
stage dilutions of serum  After

serum titre 15 caleulawy a8 we nuraber of tedhad &
oses which 1
undiluted serum would neutrahize ot

On mice, the degree of immunity was either measured tmdicreHy ac
mentioned abosve, or

Some examples of
and mice are gnen n v

Rabbits Three rabbits weighing 2 hg w
with 05 ml of crude weever loung \\\t: :\\ig};r;;ﬂ':lf:: :!l:llhzult::] vu;x:l;
were gren 2 ml of formahin treated toxin and four wecks ?aler e,
of njections of toun preparation F) A without ANOH)s Tht::l :;;L;s



- +

Fig 2
Paper clcctrophoresis of 13 A i Tras buffer, pH 89, 025 mafcm, 90 V (22 per em)
for 18 hours Staimng amido black The ardinate 15 proportional to the extinction
and the abscissa to the mobilits of the components

lected in 5 ml fractions numbered 9 to 41 1 an automatie fraction col-
lector

The curve shows three larger tops corresponding to fractions 9, 16,
and 20, all of which gave protetn reaction when fested with sulphosali-
cyclic acid Three lesser tops can be scen at fractions 29, 36, and 41
Tovicity determinations on mice were carried out on fractions 13 to 20
and 85 per eent of the original amount of toxin was found mn fractions
14 to 19 The activity curve B in Fig 3 has been compiled on the basis
of these measurements It will be scen that most of the actiaty lies in

800

TOXICITY DML

FRACTION NO

TRANSMISSION

FRACTION NO

I3
A Transmisston curve at 254 ms from density gradient zonc dcctrophorests of 1]

harae Tris buffer, pH 89 300V (15V per em) 26 hours I Toxiaty curve

!‘I‘rn?\a:con the same abscissa as i curve t The abseissa shows the number of the

tona. The ordinate shows the transmission for curse A and the total number
of DML per fraction for curre B
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110.ns n this series were gnen approxmnately every third day 1 doses
rising from 0 5 to 1 4 ml )
Blood samples were taken 2, 2144, and 3 months after the first mjec-
tion The titres of these, together with the corresponding total number

of 1njections and total amount of protein injected, are recorded In
Table 1

TABLF 1
Immunization of Rabbuls with Weever Torvin

Tabbnt f e | Serum | Yo g%s Serum ‘1:(:’11 \ | Serum
mj 2mihe inj 55 Pomths  mj 3 mihs

| ~TE
893 8 g2 >0 oo > 8 >0
Zao 1 W2 Zy 16 18 Zig
894 8 g2 220 2y > 80 >0
<320 11 122 Z 400 16 164 Z 480
85 8 7 > 200 > 80 > 180
k] 72 Z 320 13 122 < 100 16 164 Z 640

* No of DML (mice) which can he neutrabized by 1 ml rabbit serum (sec test)

It will be seen that all three rabhits produced neutrahzing antibodies
and that most of the smmumity achieved during the experument was
reached after eight mjeetions with a total of 72 mg proten Only a
very moderate mcrease 1n titre occuired after an additional exght injee-
tions

Guinea ptgs Four guinea pigs weighmg 380 400 grams were mnjeeted
subcutancously with seeter toxin Fj A Two weie given toxn with
Al{OH}s and two others toxin without any AI{OH)s, except for one
single 1njection In the first two, the dose mjected was 1 2 ml, at the
beginning at about 14 day and later at longer intervals The other two
were myected with doses of 03 to 20 ml, at the beginning at 3 to 3-day
and Jater at Jonger intervals

Blood speeimens were taken 145, 2, 3 4, 6 and 74 months after the
first injectian The results are shown i Fable 2

It will be scen that the highest immunity was acquired by the guinet
pigs which werc grnien foxin with A(OH): The maximum fitres were
found after 115 months as the result of only threc injections, after
which a deerease occurred during the course of the following si1x weehs
After one and two njcctions respectnely the titres agam ncreased
Shightty In the two ammals w hich up to the eleventh injeetion had been
guven toxin alone, the titres were Jow during the whole pinod, but after
two injections of toxin with AI(OH) s an merease occurred in hoth the
anmimals

Mice Different concentrations of formabin were added to untreated
weever toxin, after which the pH was adjusted to neutral pomnt with
NaOH and the mistures allowed to stand at room tcmperature The
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1ABIE 3
Immuni.atron of Mice with Peloxtcaled Weeier Toxwn with and without AI(OH)
- and uath Torrespanding Toxn

Totat l Degree of immunity
ot
| KRR Toukn el atlenge
tni | Do | days | Serum
1 inmé e 2“:}1 Dose | Obuwnatiuns
Detovicated weerer lotin 3 15 gy o 2 DUIE N reaction
plus AKOWs <

2
2 2 mu \a reaction
d we toin 31 22 60 < 40 2 4 DAL Bth died
Detoxteatedwecser ! 2 3 D Both died
2z 4 mi A\a reac{im
2

Tovm DI S 8 DML Noreactin

* The figures gve the number of DMI neutralized by 1 ml of & poni pf serum
from s1x mice

{ Sx mice Were omitted from the on account of
or death from other causes

§ The Hizures gne the number of B3{ mjected mntravenoushh (nto the immunized
mice

Injection

the mace mmunized with the detowceated preparation, but agun to a
tesser degree than in the grorp njected with toxin This intheates that
some of the anhgemcily was lost during detoxication

Capillary ring tests were carnied out on some of the sera of the immu-
nized animafs for demonstration of precipilating antibodies Agreement

was Tound between the titres of the precipitating and the neutralizing
antibodies

PISCUSSION AND CONCLUSION
The present study shows that only part of the protemn n the crude

extract possesses toxic activty and that it 1s possible by means of 1a-
1003 physic hods to el

some of the non porsonous
prolems However, the remamning toxic fraction 1s probably still not the
pure toxin

It has been confirmed that weeser lovin possesses considerable anly-
gente properties which ean be actisated by means of the addition of
alumunium hyvdroxide

It has been shown that the tradiional method for defovicating no-
logseal towns by means of formahn treatment can also be applied to
weeser toxin, but that ats anbgenie propertics are decreased consider-
nn‘zl} _undcx: the ‘('(pl.'nl“(‘nl!ll conditions used It may be that given

R 1 ssance us Iepdlus e possible production of
a vaceine
for use 1n particularly exposed persons This 1s theoretically possible,
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Detoxication of weeverfish toun with various concentrations of formalm The ab
se1ssa gives the bime an days from commencement of detowicatton The ortinate
Enes the nhumber of DML per ml toun

toxieity was measured mntrasenously on miee at varions times after the
addition of formahin The result 1s shown in g 4

It will be scen that detoxtcation oecurs more rapdly the higher the
concentration of formalin

The preparation, which had stood for 14 d1ys with 01 per cent for
mabn, was used for immunization of mice 1n order to ascertain whether
the antigenicity was mamtamed after detoxication It contained < 25
DML per ml mice tolerating 04 ml mntravenously without any reaes
tions Three groups of 12 mice were given subcutancous njcctions of
cither the detoxicnted preparation with and without Al(OH)s or of the
correspanding toxin without A1(OHjs The first group recerved three
weekly injections of 0 5 ml, corresponding to a total of 15 mg protemn,
and the two other groups a total of 22 mg protem admmistered i doses
of 02 ml every third day  After 60 days heart puncture was made
half the mice i each group and the antibodies 1n pools of their serum
were measured as described previously The remaunmg miee were m
Jected intrazenously with varying amounts of toxin and observed for
24 hours The results are shown in Table 3

The titres of the pooled blood from the muce treated with detoxic ifed
weever toxn were less than 40, while the titres of the serum from the
group treated wath toxin were more than 40 DAL per mi In hoth cases
the small amount of serum preventcd further determmalion

However, the toxin challenge demonstrated some immunity also in
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THE PLACFNTAL TRANSEFR OF INSULIN ANTIBODIFS
By Janl Thorell

Methods

Adult female guinea pigs were gnen dasly Injections of tnsulin NOVO Ultralente
subcutancoush the fiest weeh 5 IU and later on 10 11" a day Six weeks later they
were mated with untreated amimals The injections were continued during the first
6 Weeks of pregnancy

The fetttses were extracted via an abdominal incision 6 wecks before term and a
fow days before term On the fiest occasion blood was obtained through decapitation
and pooled from the whole litter On the later oceasion hlaod was abtained from the

umbilical card and from cardiac puncture Blood was ohtained from the mothers at
the same time

Clmamt ¥ A b tea mmeaces AmoakTCs e 1
subin 113 to ditferent serum fractions was localized by electrophoresis The counting
(nlu on the strips were reeorded 1n a continous scanning apparatus with douhle
M tubes

Results

vaby nsaann ’
By electraphorests the bound 1nsulin 133t migrated
Y et rgrated with the faster parts of the

Ihscussion

A charactenistic change in the wnfant of the diabetic mother 1< the hane.
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but would crave large amounts of weever toxin and would mvolie great
practical difficuities

SUMMARY

A number of cxperiments have been cearried out which show that
weeverfish toun 15 4 protem

Purifieatton of the crude toxin has heen possible fo some extent by
varous methods

Lmunization expersments hase buen earried out on anumals 1 order
to exnrmune the antigenerts of weeser toxin affer treatment of varons
funds
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THE PLACFNTAI TRANSFFR OF INSULIN ANTIBODIFS
By Jan1 Thorell
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Methn is

Adult female guinea pigs were ginen daily injections «f meulin NOVO Ultralente
subcutaneoushy the first week 5 I and later on 10 [U a day Six weeks later thes

were mated with untreated ammals The injections were ¢ ntinucd duning the first
6 weeks of pregnancy

the same time

The insulin antibods tilre was assaved with 1131 tagged nsulin by the hvdradyna

ic flcw separation techme (4) 01 ml of serum or serum diluted with harbital
Vuffer pi 85 was incubated with 001 mg (001 ml) snsulin 1% during 30 minutes
at room temperature Antibnds bound imsulin was then separated from unbound
insulin through hvdrodsnamie flow ) aper chr matograt hy on Whatman 3 W paper
in barbital buffer pil 85 during 6 hours where bound insulin migrates with the
17oteams and unbound ansuhn remains at the apphcation pownt The hndmg of 1n
sulin 1131 to different serum fractions was localized by electrophoresis The counting
rates on the strips Wwere reeorded 0 a continous seanning apparatus w th dout le
G\ tules

Results

+ LA msuin

By electrophoresis the b und nsulin 113 migrated with the faster parts of the
¥ globulin

Inscussion
o
ase
Recenved 301 in 6" (rom

PRt the Institute of Pathalogy Universits of Uppsala Sweden
Sapporied by grants
e Fﬂkmgu s from the Swe lish e lical Research Counctl and the Swedish
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shows the same characteristics as the insulin binding reaction in sulin treated he
man subjects Human and guinea pig tnsulin antibe dies crossreact with msuhin from
several sypecies Thus human beef pork insulin antibodics bind human tasulin 1131 4a
titro (5) and guinea pig beef mnsulin antibodies neutralize endogenous rat insul n
v (1) Human exogenous 1nsulin antibodies probably bind human endogenous in
sulin too This 1< however thought te be of no importance tn the uncomp licated dea
betes ase The ohserved ) assage of msulin antibodses from mother to fetus might be
the passage «f onc «f the above mentioned antagomists which could mfluence ujon
the fetal msulin especialiy as the fetal antibody titre exceeded that of the mother
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1362 —7 DawviesJ Lacy P F Amer J Obstet Gynee 74 8§95 1927—8 EFnaglesson
G NidssonS B Acta Pedat 51 433 1962 —9 Hitzig W I Schweiz med Wschr
89 1249 1959 —10 Moloney I' J Cotal M Biochem J 59 179 1955 —11 Robinsor
BHB WrnghtP Il J Physiol 55 302 1961—12 SkomJ H  Talmage D W J
Chin Invest 37 787 1958 —13 Vallance Ouend Liley M I lancet [ 806 1961 —
H Yahlgnst B Ady Pediat 10 305 1958
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MITOTIC DIVISION
OF TISSUE MAST CELLS AS INDICATED BY THE
UPTAKE OF TRITIATED THYMIDINE!

By

G AssoE-Hassea and Hivor ITFvI
Recerved 13 iv 62

The regencration of fissue mast cells 1s a standing matter of dispule
Although mast cell infitration of dermus, lvmph glands, bone and bone
marrow, spleen, Iner, Iung etc s well known, most mvestigators agree
that mitotie figures are rarely seen 1n mast cells of the adult organsm
(Downey 1913, Padawer 1960) Various findings indicate that amitotic
dwaston occurs 1 these cells ( Michels 19383, and several authors he-
lieve 1 hetcroplastic regeneration of mast cells from lymphocytes
(Sabrazes & Lafon 1908), plasma cclls (Wichels 19353), histiocytes
(Herzog 1916), and fibroblasts (Bales 1935) Holmgren (1946) assumed
that mast cells develop from perpvascular mesenchymal cells and that
they follow their own line of development, a notien that has been widely
accepted

The fact that the nuclens 1s mostly concealed by the cytoplasmuc
granules has undouhbtedly interfered with some workers’ efforts to
demonstrate mitotie figures 1n mast cells Hunt & Hunl (1957), after
degranulation of mast cells by compound 48 8¢, found an entirely rea-
sonable number of mitoses 1n mast cells

Mitosis 15 known to be preceded by DNA synthesis After incorpora-
tion of a labelled DNA precursor, 1t hecomes possibile to recogmize the
labelled nucleus in autoradiograms The nueleus may be labelled even
before the morphologic phenomenon of mitotic dinision takhes place

However, the nucleus keeps its label during mitosts and naccac #an t
b ot o = 4

e
a

w .« asutmtntioned requirements DNA s
ilmost tlectively labelled and the Jow beta ray energy of intmm ensures

* These Insestigations were
Richardson Mertell Inc USA
of Seiences

supported in part by the Danish Antt Cancer Leay
+and the James Pick nd o lemy
National Research Counetly r Foundation (\ational dcatemy
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shows the same characteristics as the msulin binding reaction 1n 1nsubn treated hu
man subycets Human and guinea pig insulin antibe dies crossreact with insulin fr m
several species Thus human beef pork insulin antihodies bind human insulin 1131 12
titro (5) and gunea piy, beef imsulin antibe dies neutralize endogenous rat sulin in
piro (1) Human «xogenous insulin antibodics 1 robably hind human endogenous m
sulin tco Thisis hewever thought to be of no importance 1n the uncomy hicate ! dia
hetes case The observad passage of insulin anbibodses fre m mother to fotus might e
the passage of onc of the above mentioned antagonists which coul I influence upon
the fetal insulin especaally as the fetal antibods titre excceded that of the mother
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The regencration of tissue mast cells ¢s a standing matter of dispute
Although mast cel! infiktration of dermus, lymph glands, bane and hone
marrow, spleen, Iiner, lung, ete 1s well known, most investigators agree
that muitotic figures are rarely seen in mast cells of the adult organism
(Downey 1914, Padawer 1960) Vacious findings indicate that amitolic
diasion occurs 1n these cells (Vichels 1938), and several authors he-
lieve 1 heleroplastic regeneration of mast eells from lymphocytes
(Sabrazes & Iafon 1908), plasma cells (Vichels 1933), hstioeytes
(Herzog 1916), and fibroblasts (Bates 1935) Holmgren (1946) assumed
that mast cells develop from pernascular mesenchymal eddls and that
they follow their own line of development, a notion that has been widely
accepted

The fact that the nucleus 1s mostly conccaled by the cxtoplasmie
granules has undoubtedly interfered with some workers’ efforts to
demonstrate mitotic figures m mast cells Hunt & Hunt (1957), after
degranulation of mast cells by compound 48 80, found an (atirely rea-
sonable number of mitoses 1n mast cells

Niitosts 1 known to be preceded by DNA synthesis After incorpora-
tion of a labelled DNA precursor, it becomes possihle to recognize the
labelled nucleus i autoradiograms The nucleus may be labelled even
before the morphologic phenomenon of mitolic dinision takes place

However, the nucleus heeps ats label during mitosis and naceae &~
the =~
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and . -
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wexs v itnuoned requirements DVA
almost electinely labelled and the low beta ray energy of {ntwm cns\m:
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high resolution of the autoradiograms Trifated thymmdme has been
shown to be available in the body for about 30-60 mnutes after nje-
tion (Cronkute ot al 1959) During this period it 15 either degraded or
mcorporated into DNA

EAPFRIMFNTAL

White female mice of the strain SUTHZ, six weehs old, were pamnted four times
with 05 ml of a 05 per cent henzene solution of the carcinogemic hydracarbon § ¢
dimethy1-1,2 henzanthracene After s1¥ 1o seven weehs, 10 per cent of the painted
mice had developed one or mare papillomas on their back skn In histological sec
l:on: ;.r the anduced skin tumours deast accumudation of mast cells were temon
strated

The tumour bearing mice were injected intraperitoneally with 5 nucrocuries of
tritiated thymidine per gram hody wetght The injections were grnen 8 10 days after
at Jeast onc papilloma had been observed on the back skin

One half to twenty hours aftcr the wiection, the ammals were sacrifted the tu
mours together with surrounding skin were excised and fixed in a solution con
ststing of absolule alcohol 85 per cent , furmaldehvde 10 per cent and glacial acchic
acid § per cent Thereafter, the Lissue was embedded in paraffin and sections were
cut at 7 muera’s thickness After deparaffinization autoradiograms were made usmg
Kodak AR 10 stripping f1lm After 14 dass’ exposure in the eold the shides were
processed and subscquently stained with & 0 05 per cent aqueous solution of tolur
dine blue for 60 seconds

Mast cells could he identified easily in the mounted shdes due to the purpie
metachromatie staining of the numerous cvtoplasmie granules The cell nuclens
appeared more or less clear of granules

Since the average range of heta partscles emitted by tratrum s only one or two
micra in a medium of density 1, a tissue section of 7 mucra s thichness represents
an infintely thick sample Only the uppermost layer of the sechion Wil contnbute
to the awtoradiographic picture When estimating the fraction of labelled cells in
the tissue section the number of mactive ecls will thus be grossiv overestimated
hecause the cells situated m the central or deeper part of the section cannot pro
duce an autoradiogram 7The use of thinner sections was found to be disadvantage
ous because mast cells were torn hadlv granules end cyvtoplasm were smeared out
and thercfore a corrclation bctween emulston hiackening and histological detasl
bceame ambiguous An evaluatron of gram counts over mdnidual cells with the
use of 7& sections and AR 10 stripping film leads to a mimimum figure for the
number of Iahelled celis but 1t provides a possibility for comparing rather than
deterrmning labelling mdices at differcnt time intervals between injection of the
precursor and sacrifice

nRIstrrs

The autor whograms showed marked ibelling of conncctine tissuc
and epithehial cdls as early as 30 minutes after mjection of tritiatedd
thymidhne (Fig 1) Blackcnung was located primanly over cells, and
very few grams were observed over extraceliular substance In all pre
p wrations studied, radivactive mast eclis were found Some of these gave
rise to hlackening of the emulsion over the ccli nucleus while the cyto-
plasm appearcd free from sihver gramns In other cells, howuver, hoth
the nucleus and the cytoplasm seamed to be Iabelled, and evwen the
appearance of silver grans over cytoplasm, surrounding an apparuntiy
unfabeiled nueleus, was pot mfrequent This observation may well be

2 Qur thanks are due to Jorgen Rreler M D the Fibnger Laboratory for Cancer

Research for supplying the experimental animals
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Aut rad gram Several ep dermal cells (orthochromatic 11 e} and three mast cells
(metach omat ¢ purple) showing nuclear latell ng » th H3 thym dige Staln 005
per cent agueous solut ons of 1 lmdine blue for one m nute Magmfication 1300 X

due to the faet that the strong metachromatic stamung of the cyto
Hlasmie granules makes accurate distinction of boundaries and the
iocalization of different nuclear constituents difficult Moreover the
heavy granularity of the cells interfered with the counting of grains in
the emulsion W here the interpretation was doubtful the lowest gram
count was accepted so that the tendency 15 toward an underestimate
of the number of silver grains observed

On each autoradtogram at cast 100D cells were carefully examined
Between 2 and 3 per cent of these cells were Iabelled sigmficantly above
background Roughls 1 jer cent showed sigmficant labelling of the
nucleus and 1 2 per cent showed sigmificant lat elling of the evtoplasm
Preparations representing 6 different intervals within twenty hours
between injection and sacnifice showed serv stmular grain counts so
that a change 1n the number of labelled cells as a function of time
could not be estabhished with eertaimty

DISCUSSION

In view of the 1my erfections of the techniques used exact figures for
the y ercentage of labelled cells and for the cellular distribution of the
Tabelted compound (DNA) can not be ginen Howeser 1t seems safe o
conclude from the above obscriations that at feast 1 per cent of the
16
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mast cells of the connective tissue below mduced epiderime papillomas
have incorporated tnhiated thymidine i the course of 30-60 munules,
during which period the precursor 1s available In the majonty of the
studies deseribed in the hiterature, DNA synthesis oceurs m cell nucler
and labelling with a DNA precursor mamfests itself i labelled nucle
However, some cxceptions from this rule are known

Experunents are m progress to clanify these problems and to deter-
mme the mitotic eyele of mast cells 1 tissue scehions and m cell sus
pensions

SUMMARY

Mast eclls of the conncective tissue below carcinogenandyuced epider-
mic papillomas of white female mice were studied by autoradiographs
after intraperitoncal myection of trihated thymdine 1-3 per cent of
the cells were Jahelled above background witiun the period of 05 and
20 hours, mdicating DNA synthesis and mutotic division of mature gra
nulated mast eells
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THE INFLUENCE OF ESTROGENIC AND ANDROGENIC
HORMONES ON MAST CELLS AND
CONNECTIVE TISSUE IN UTERUS OF GUINEA PIG

By
Otr H InERsEN
Ttecenved 284 62

& peevious publicatian (5} peesented the results of the cffect of estro-
geme and androgenic hormones on the mast cells 1n the human cervix
ulern The object of the present studsy has heen further to mvestigate
ans changes which may occur 1n the morphology and quantity of mast
cells 1 the uter1 of spayed guinea pigs during estrogenie and andro-
gemic treatment and to study any histochemical vanations which may
take place in the connectine tissue under such conditions

MATFRIAL AND MFTHODS

The study compris¢s 34 female guinea pgs weighing from 60 1n 700 £ Ogt of
these 5 were used for controls and hilled by ether withaut any previous therapy
29 were ether our to s1x weehs

Jater samples of vaginal secretion were drawnn for control Thereupan the anymals
were divided mto groups

1) 6 animals Were killed by ether without any treatment

2) 10 animals were treated with estradial diproplonate (Diprovex Leo 8)—62+
mg subcutaneously every secand day for a total of four times These animals were
halled 2 davs after the last myection

3) 7 ammals were treated with

p 2 5mg
:\er)‘sttrmd day = total of 4 1Jectlons and hilled 2 days after the I
178 an o

ast inteclion

. pa a4 udul i SELLIDRY AL A Tl

';he following staining have been emploved M
ormahin fixed specimens Penodic acid Schfl’s staming (PAS

mmm:’ ;(s\lxna.& “3(‘) "nh}l stoming (1) Hales star ngg ('(nmhl)yye;I:\'.ll(’lla l;}:;
ow .

p‘m""yhdm ) van Gieson Hansen s stamimg Haematoxyhin eosfn staining { nna

Leal acelate fozed specrmens Toluldine blue staining pH 45

Aided In granta fram the Damish L,
State e framts Trom 1sh League against Rheumatism and the Damish
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lg)lllruml acelate-formalin frecd specumens  Spicer s Aleian blue safram slaming

Several of the speamens from the various groups wer
hyaluronidase (supplied by Dr V Faber of lhchar:lsh 9l:l;né‘:::fx.r:ﬂs‘l‘nlllllhl:m(f;;rt‘:]
hagen) and with testicular hyvaluronidase (Inyasin Lundbeck ®) The enzyme was
dls:nl" ed in Mells aine’s Standard Buffer (pH 6 5) and the incubation was performed
at 20° € for one hour Furthermore incubation with ribonuclease and diastase ac
companied by contral with Mcllvame’s Standard Buffer was perfarmed After in
cubation, the specimens were stained with tohndine blue, PAS and Hale s stain

RESUITS

Macroscopically, the utert of the spayed amimals appeired to he
distinetly smaller than 1n normal amimals, the horns were more gractle
and pale and of a firmer consistency Following estrogenic therapy, 4
pronounced increase n the thichness and length of the horns was
found, the colour was more reddish cyanotic and the tissue softer and
more oedematous After androgenic therapy, some increase in thichness
and length did also appear, but the colour became more pink and the
tissue firmer than n the amimals treated with estrogens

Mast Cells

As 1n other spceies of anmmals, the mast cells 1n the uterus of the
gumea pig are scarce i the basal parts of the endometrum, while the
myometrium contams very eonswderable quantities of mast cells, espe-
cilly n the septa of connective tissue and more particularly congested
around the vessels In the myometriim no difference between the cervix
and the horns was observed In ntact amimals, the mast cells were
relatively large and well granulated, the granules showed beautiful
metachromatic staning (Figs 1 and 2) In the spayed and untreated

Figs 1-8

Fig 1 Cervix uter: from normal untreated guinea prg (Tolurdine blue X 100) Mast
cells 1n the cndometrium and the myometrium

Fig 2 Cervix uter: from normal untreated guinea pig (Toluidine blue X 400) Mast
cells with dense orthochromatic granulation

Fig 3 Cervix utert from an cophorectomized gumea pig following estrogenic the
rapv  (Tolmidine hlue X 128) Scattered mast cells with metachromatic
ddouds The density of the stroma cells 1s less pronounced than in untreated
ammals

Fig 4 High power view (Tolurdine blue X 520) Vast cells from cervix utern (an

wvophorectormzed gmnea pig treated with estrogens) showing degranulation

and metachromasia of the granules

Cervix utert from an untreated oophorectomized guinea pig (Toluidine blue

X 100) Mast cells with relatively dense and dark metachromatic granulation

Fig 6 Ihgh power view (Toludine-blue X 400) of mast cells from cervix uters (an
cophorectormzed guimea pig treated with androgens) showing large mast
cells with dense orthochromatic granulation

Fig 7 Cervix uters from an oophorectomrzed guinea pig after estrogenic therapy
(PAS X 100) Strong PAS reaction m the upper lavers of the endometrium
weaker reaction 1n the lower layers of the endometrium and in the nter
stitial connective tissue of the myometrium

Frg 8 Cornu uter: from an oophorectomized guinea pig after androgenic theraps
(ale X 100) Positne Hale reaction i the stroma of the endomtrium

kg 5
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animals, the mast cells appeared to be of nearly the same size, but the
granules were denser and more hlue-violet of colour (g 3) No dif-
ference n the number of mast cells i the two groups was ohsersed

Affer treatment with relatn ely low doses of estrogens, a considerablc
deerease m the number of mast cells was found, hoth in the endome.
trium (where now only scanty amounts of mast ecells were present)
and i the conneetive Lissue of the myometrium The cells were dislinet
Iy degranulated, metachromatic clouds or halo became extremels pro
nounced and vacuoles were formed 1n the cyloplasm (Figs 3 and §)
The metachromasia was hght red, hghter than 1 normal anunals In
the anmmals treated with androgens, both quantitalive and morpho-
fogical changes reappeared The number of mast cells increased n spite
of decreasing density of cells an the bissue The mast celis were large,
the granules were well defined and darh, almost orthochromahe No de-
granulabion oceurred, on the whele the cells resembled to a cortam ex-
tent the cells mn untreated spayed anmmals, only they were distinelly
Larger (Fig 6)

In the group comprising infensively estrogen treated ammals, o
marked ncrease n the number of mast cells was observed Morpho-
logically, howeser, the cells were larger, the granules were strongly
metachromatically bluish red Only a few of the eells were degranu-
Iated
In none of the groups, PAS positive mast cells were secn although
stamng for up to 12 hours was atlempled (Compton (2)) Furthir-
more, no Hale pasiteve granules were observed i any of the groups
sfter incubation the mast cells disappeared m all of the groups, both
after bacterial and testicular hyaluronidase On the other hand only
few mast eells were seen after wmeubation with buffer solution alone

Staung after Spreer’s method (12) was tried, but no posttive reae-
tion was seen an any of the groups

The Ground Substance

The most pronounced changes n the conncetnve hissue of the uierine
wall (cervix and horns) were those observed by haematoxylin-tosm
and van Greson-Hansen’s stamng methods, vz decreasing density of
cells folloning both estrogene and androgemie trealment In untreated
and spayed anmmals the musele fibrils were very compact, but after
hormone therapy and particularly after prolonged estrogeme therapy
wmare ahundant collagen was observed m addiion to the mereasmg
pedema (ot ground substance) A regards the remarning e Hods of
stammng, no disinet quahtatine differences were observed, whercaay
guanitatively there was markedly ncreasing ground substance hoth
after estrogeme and androgenie therapy The condibions were relatnvely
aniform i cervix and horns The metachromasia was equaley pnh
controls, 1 spayed animals, and i hormone treated ammaly



HY

The Hale reaction appeared to be more positive after hormone treat-
ment, especially after androgeme treatmant(Fig &), and was parti-
cularly strong in the horns The PAS reaction was only very shghtly
positine 1n all the groups, the colour was ik, resembling the reaclion
<een in neutral mucopolysaccharides The muscles showed a stronger
positine PAS reaction afler estrogeme treatment fglycogen?) tFig 7)

The Alean stamn gase a faintly positive reaction in the controls, and
a somewhat stronger reaction n the hormone treated groups

The PAS Hale combination has as usual given very beautiful metures
and has shown the quantitatine changes m the ground substance men-
tioned abose

The Unna-Pappenhein staun has shown a number of pyroninophilic
cells 1n relation to wereased vascularzation duning hormone therapy

As regards the nature of the ground substance, the ncubation ex-
pernments have afforded no unambiguous solution, no pronounced at-
farnat anwonsen - oAb =0 e the PAS reactions

omdase, testicutar

The Endomelrium

In the controls the endometrium showed shight metachromasin, po
sitive Hale reaction and yink colour after PAS staiming In eophorce-
tonuzed animals the reactions were even weaker After hormone the-
rapy the metachromasia and the Hale reaction were stronger, while the
PAS reaction appeared to be unchanged The metachromasia and the
Hale reaction did not change after imcubation with nbonuclease, bac-
tenal hyaluronidase and {esticular hyaluromdase

DISCUSSION

The present investigations show that pronounced morphological and
quantitative changes of the mast cells occur in the uterus of gusmea me.
both 1n the cerix and in the horns As to the quantitative allcrnhnn;
during hrief estrogenic treatment the present resulls are consistent
with investigations carrted out n Johansson & Weslin {7) In the
horns of spayed muce, they found after a single injection of estrogens
a significant decrease in the number of mast cells 24 hours :lﬂ('l(?l
Jection slowly inereasing to a hittle below normal values in the -

caurse
of 10 davs A marked increase in the number of mact anllc

s o
versen 1969 (5)) A <|gmm-J LU QULNOT S previous mvestigations

ant deerease in the numb
m the human cervx ut romems e
B crt following a <hort perwod of estrogenic the-
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The morphological changes, the degranulation, appear clearly from
the experiments and the sHustrations Comparison with the mast cells
m lhe remammg expertmental groups rufes out defintely the posst
)’_'m.} of artificial changcs, as suggested inter alin by Dewd!t et al, and
Compton (3,2) Itss significant that the degranulation appears priman
I3y 1 tissue treated with small doses of estrogens, while the mast cells
from anmmals treated with Iarge doses much more resemble the cells of
the androgen group In this ease the metachromasia 1s not so pronoun
ced, the eolour hecoming more orthochromatic It may well be that the
celly of these groups should be regarded as more “immatur® (filey
type 1?), but 1 have not as Ruley (11) found increased antounts of PAS
positive mast cells

Contrary to previous statements in the hterature, Kellsall & Crabl
(8) and Lindrer (9), I hase found distinet morphologieal changes after
androgenic therapy, almost corresponding to the changes winch 1 pre-
siously obsersed in a human malerial In the human eervix T fount 1
decrease m the number of mast cells after androgemc therapy, wn the
gutnea g uterus an ncrease The difference may be due fo differences
m the dosage of hormones, differences i the tissue, or sumply the phe-
nomenon which 1s so often seen, that mast cells hehase differently m
various species of ammals, and cven in varous hinds of tissue

The incubahion experiments performed exclude the nbonuelewe acid s
A component of the granufes and the ground substance Incub iton wth
hyaturomdase shows no greater variations as regards the ground sub-
stance The latter phcnomenon may be due to the fact that the muco
polysaccharides present prunardy are sulphated mucopoly sacchardes,
but 1t may also indicate that the mucopols saccharides occur m low con-
centrations only The present experiments do not allow of any con-
clusions as to the degree of polymerization In a previous study on hu-
man cervix utert the auther has shown (6) that during cstrogenre the-
rapy a change n the rahio between hyaluronic acid and chondroitin
sulphate takes place shide no poly merization of the hyalurone acid
oceurs

The changes i the cndometrinm corrcsponds fo those prescnted by
Jacharwie (14) In the corpus endometrium of the human nfen, he
found a pronocunced mctachromasia loc lized to the lummnat two thirds
of the endometrium following estrogome therapy, the metachromastl
hewng msensttive to testicular hyaluromdase

1t should be observed that pyronmophiiic celis werc found in the
groups treated with hormones ndicatine of a protein synthesis, and
th it sonte of the groups treated with hormones present the Kurloff
hadwes (Christensen, Hyort & Iversen 1962 (1)) Furthermore, it s
worth neting that we did not succeed tn colouning the mast cells m
speermens of guinea mg tissite by means of Spicer’s Aleran blue-safra-
mn stan We cannot offer any explanation of the latler phenomenon

Without expafiating on the many different theories as to mast cell

e
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function 1t must be concluded on the | 1515 of the provent miestigation
that distinct changes m the conthitions of the mast ¢ells occur hoth
quantitatisels ind morphologiealls under the non 1 hysiological con
ditions created by the large doses of hormones emploved in the present
otuds Furthermore it can be concluded that during estrogeme theraps

4 considerable mohilization occurs of connectine fissue ground sub

stance and fibrils 1n the uterus of guinea pig

SUMMARY

The influence excried by estrosens and androgens on the morphologs
ind number of mast ccls and on the mstochemstry of the conneeine
tissue 1n the uter1 of guinea igs 1s investigated Briel estrogenie the
raps reduces the number of mast cells and a constderable degranula
tion occurs Prolonged estrogenic therapsy increases the number the
mast cells do not degranulate and they are larger than in the control
ammals Androgens increase the number of mast cells the cells are
larger than in the controls and almost orthochromatic Histochemieal
studies indicate an increase m acid mucopelysacchandes n the endo
metnal stroma hoth under estrogenic and androgemic therapy Further
more the imvestigations show that the interstihial connective tissue of
e myomelrirm inereases under estrogeme and androgenie theray v
The histochemical stud es do not | cront of any defimite conclusions 2
to the character of the ground substance hut suggest that a mobiliza
hion jossibly a synthesis of acid mucojolvsacchanides oceurs The

hr reachions are e to nbonuclease bactenial hyalu
ronidase and testicular hy\luronidase
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The morphologieal changes, the degranulation, appear clourls from
the experiments and the illustrations Comparison with the mast cells
mn the remaning expersmental groups rules out deftmitely the posst
bility of artificial changes, as suggested mter alia by Dewrtl et al and
Complon (3,2) s sigmficant that the degranulation appears primar-
Iy m tissuce treated with small doses of estrogens, while the mast eells
from ammals treated with large doses much more resemble the cells of
the androgen group In this case the metachromasia 1s not so pronoun
ced, the colour becoming more orthochromatic It may well be that the
cells of these groups should be regarded as more “ummatur’ {Riev
type 17), but I have not as Riley (11) found mereased amounts of PAS
positine mast cells

Contrary to previous statcments m the hiterature, Kellsall & Crabb
(8) and Lindner (9), I have found distinct morphological changes after
androgenie therapy, almost corresponding to the changes which I pre
viously ebserved in a human matersal In the human cervix 1 found a
decrease 1n the number of mast cells after androgenie therapy, 3n the
gmnea pig uterus an inerease The difference may be due to differences
n the dosage of hormones, differences n the tissue, or sumply the phe
nomenon which 1s so offen seen, that mast cells hehave differently
sarious speetes of antmals, and even in varrous hinds of tissue

The mncubation cxperunents performed cxclude the ribonuclere acil 1
a component of the granules and the ground substance Incubation with
hyaluronidase shows no greater vartations as regards the ground sub
stance The latter phenomenon majy be due to the fact that the muco-
polysaccharides present primarily are sulphated mucopolysacchandes
but it may also indicate that the mucopoly saccharides occur i low con
centrations only The present evperiments de not allow of any con-
clusions as to the degree of polymerization In ¢ previous study on hu-
man cersix uterr the author has shown (6} that during «strogenic the-
rapy a change m the ratio between hyaluronie acid and chondrotin
sulphate tahes place while no polymerization of the hyaluronic acul
oceurs

The changes 1n the endometrium corrcsponds to those presented by
Zachartac (14) In the corpus endometrium of the human uter, ht
found a pronounced metachromasta localized to the lummal two-therds
of the endometrium following estrogenie therapy, the metachromasi
heing wsensiine to testicular hyaluromdase

It should be obscrved that pyronmophilic cells were found in the
sroups treated with hormones, mdicative of 1 profein synthesss, an
that some of the groups treated with hormones present the Kurloff
bodies (Christensen, Hyort & Iversen 1962 (1)) Turthermore, it
worth noting that we did not suceeed cnlnunr:g the mast cells 1n
specimens of gmnes pg tssue by means of Spicer’s Alean blue-safra-

annot offer any explanation of the latter phenomenon

am We ¢
m:\::hl(ml expatiating on the many different theortes as to mst cell
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funchion W must 1 e concluded on the basis of the provent mvestigation
that distinet changes i the conditions of the mast eells occur, hoth
quantitatnely and morphologicalls under the non physwological con
ditions ¢reated by the large doses of hormones emploved in the present
Judy Furthermore 1t can be concluded that during estrogensc theraps
2 considerabl, mobilizaton aceurs of connectne tissue ground sub
stance and fit rils 1n the uterus of gumen 11g

SUMMARY

The wflucnee exerted by estrogens and androgens on the morphology
and numl er of mast cells and on the histochemistry of the conncetne
tissue 1n the uters of guinea pigs 15 nvestigated Brief estroseme the
rapy reduces the number of mast cells and a constderable degranula
tion occurs Prolonged estrogeme therapy increases the number the
mast cells do not degranulate and they are larger than 1n the control
wimals  Androgens increase the number of mast cells the cells are
larger than in the controls and almost orthochromatic Histochermical
studies ndscate an ncrease i acid mucoj olvsacchandes 1n the endo-
metriat stroma hoth under estrogenic and androgenic therapy Further
more the imvestigations show that the interstibial connectine tissug of
the myometrium ncreases under (strogemic and androgesue theraps
The histochemical studies do not j ermit of any defimite conclusions as
to the character of the ground sul stance but suggest that a mohthza
tion jossibly a synthesis of acid mucopolvsaccharides occurs The
hastoch \ 1

are ne o nbonuclease bacteral hsalu
romidase and festiculir hyaluromdase
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BISPFBIERG HOSPITAL COPENHAGEY DENMARR

A CASE OF BRENNER TUMOUR
IN MALIGNANT TRANSFORMATION

By
L ARVEMANS
Tecened 41 62

Brenner tumours of the ovary have generally been looked upon as
defimtely benign neoplasms Within the last two decades, however, a
fow reports an single malignant cases have appeared (Dubrauszhy &
p Massenbach 1917, Dubrausziy 1949, Rawson & Helman 1855, Vac
Ranley 1926, Bovard et al 1957) The patients were in the middic ot
the end of the sicth decade, and ¢hmieal symptoms indicated mahignant
disease Grossly the tumours were nnilateral and partly cystie, partly
sohd The histologic picture showed transihon from typieal Brenner
tissue with cystads arcas nto mal sohid or adenocystte
tumour tissue In one case (Rawson & Helman 1955) the patient died
51/, months after operation with extensive imvasion of the pelvic organs
and metastases to the left kidney The cystadenomatous part of tus
tumour had shown to be of the serous varicty Also, Bovard et al (1957)

observed local recurrence with large pelvic tumour masses and perito-
neal carcinomatasis

Novah (1958) reports two additional cases, one encountered by I im-
burg and iustrated convincingly, the other described by Sirsat (1956)

The two tumours of v Numers (1945) may be malignant Brenner
tumours, hut proof 1s lacking, as no typeal hemgn epithehial nests are
left Sumlarly, the diagnosis i the cases of Reel (1938}, Foda & Sha-
feed (1939) and Thoyer Rozat el al (1960) 15 questionable

The present report 1ntends to introduce a new case of malignaat
Brenner tumour

CASEF HISTOR)Y
., THe palient Was an 81 scars old Woman sdm s 44 o
. .

. —_—
ine author § p
seo e o 1y Indebted to Professor G Teuum for help in exaluating the micro-
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ht side of the ab
dmisston & large esstic and mevable tumour filled the rigl

dmonner: s mcenens othing was Felt in the left side, and g3 naecological exam
nation was without abnarmal findings

Al operation, an umilocular cyst, about 20 ¢cm 1n diameter, was found
1rising from the right ovary The left orary was the seat of a sinmlarc
cystic tumour, measuring about 7-8 cm Aseites or carcinosis were not
aoted Both tumours were exstirpated without complications, and the
patient could be dismussed 10 days after operation

Grossly, the wall of the right sided eyst measured {rom one to three
millimeters and was externally smooth The inner surface was sprinkled
with groups of small warty excrescences On the left side, the ¢yst was
mooth on both surfaces, and the wall had a thickness of about two
milimeters This contained a single, firm and elastic, almond-shaped
nodule, measuring about 8 X 15 mm and with a whitish, slightly yellow
cut surface Tiny cysts might famntly be seen

Microscopically, the larger cyst showed the meture of a papiliary
serous ey stad The lining epithel however, was prohferating.
thick and stratthed with closely packed, large, dark and osal, hut
slightly irregular nucler and an occasional mitosts (Fig 1) In onc
munute area small epithehal clefts were numerous and intermingled
with psammotma bedies (Fig 2) Pronounced epithehal atypia or inva-
sive growth could not be demeonstrated, and so the tumour secms to
belong to the borderline group, intermediate between the frankly bemign
cystadenomas and the papilary cystadencearcinomas

The solhid part of the left-sided cystic tumour was characteristically
fihroepithelial, made up of a thick and coarse, richly cellular, fibro-
matous stroma with rather evenly distributed epithebial islands of
sarying size and round, oval or more irregular (Fig 3) Some of these
nests were typically benign with elear, polygonal or siightly elongaied
cells and oval nuclet of a striking umformity and often with a long-
tudinal grooving (Fig 4) In the central parts of the epithelium small
groups of vacuolated cells with an ample, quite clear cytoplasm were
common, and these celis lined many small cystic eavilies as a cubeal
or eyhindnical pseudomucinons epithelium (Fig 3) The central eyshic
degeneration n the epithelial islands was pronounced and the small
h;’mma contained eosmophilic precipitates The hinng cells were of {he
Above mentioned type, or just flattened epithehnl eells Stamng for

muein was faintly positive for the precipitates apd for a few of the
clear cells

Fag 1 Papillary serous cystody

enoma of the ngh
. zhnw: Trohferatn e activty (1005) | O T g epthetiym
w2 Smal area of th i

moms b el pC pavilans e3stadenoma with epithelial lefts and psam
Fig 3 Drennert

e ; umour of the left avary with benign and aty pical epithelral 1slands

X
F17 4 Tspical epithelial nest of Brenner tumour (100 X}
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In most of the cpilhehal nests, however, 1 gradual or more abrupt
transition mto a dark, atypical eprihebum was seen (Figs 6and 7) The
atspical cells had a scanty, very darh ¢y toplasm and the nucles were
closely pached, enlarged and hyperchromatic Polymorphism was mode-
rate and mitoses rare In one place, 8 small solid bud of large twisted
cells with ample strongly eosinophilic cytoplasm and pyenotic nucler
pushed imnto the stroma (Fig 8) Cystie degeneration was as common as
1n the bemgn epithehum, but the outline of the cavities was often more
srregular Yet the ability to differentiate nto clear, cubical cells of the
pseudomucinous vartety was relaned (Fig 9) The cauhies, some of
them large, contamed ted dark or lated epithelial cells
and eosmophilic precipitates (F1g 10)

The deserihed changes scemed to be most advanced in the penipheral
part of the tumor where the whole patfern was more disorderly, and
here a few epithelial nests were totally transformed Signs of imasne
growth were sparse, but defimte In places, the border between eprthe-
lmm and connective tissue was blurred and here an occasional epithe-
izl string invaded the stroma which in addition contawmed small, -
defined and atypical epithelial islands (Fig 11) Most 1mpressive, how-
ever, was the finding of tumour emboli in the vessels of the tumour
and espeaially of the looser connective tisste adjacent to 1t (Fig 12)
In these eprthelal 1slands, hike in the main tumour, both cystic degene-
ration and lated cells of the i
(Fig 13)

The cystic part of the left sided tumour had a fibrous wall and was
lined by a flat, dark, uncharacteristic epithelium Near fo the solid part,
small srregular strings and islands of dark undifferentiated epithelium
were invading the connectine tissue (Fig 14) The cyst may be sup-

posed to have apisen by a further development of one of the tiny eysts
described ahove

yanety were seen

DISCLSSION
In the present ease the diagnosis of malignancy 1s based upon epithe

hal atypia with enlargement and hyperchromas: of nucter abngrmat
nucleors $ontn —~ ‘

ham w

v U e e ot some of
the charactersstic structural features plainly show the origmal nature

of the tumour Furthermore, the tumour embol
s 1 present a compl
image of the atypical epithelial nests in the pnmary tumour a':z? :?

b1y 5 Cystic degencration of 1!

oty Reneration of ::I,";I helial 1sland of the Brenner tuma = ™
tig 4§ ll‘llll 7 Fpathelial mest

nto dark atypical ep
Fig & Solid bud of eosinaph
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Fig 13 Tumour embolus with tiny cysts, some lined by & clear epithelium some
contaimng eosinophilic precipitates (100 X)

Fig 15 Tumour Imyasion nto the conneetive tissue af the cystie part of the Breoner
tymour (160 X)

secondary extension from the papillary ¢yl
can be excluded The i}
secms Justified

The operation was performed 1n order to remove the large cyst of
the right otvary, and the cdstic tumour on the feft side was diagnosed
for the first time on that oceasion This may explain the rather carly
stage 1n malignant transformation, and so the opportunity to establish
the ongn as a Brenner tumour The cases of v Numers (1945) are
more advanced with no henign elements, and according to Dubrauszhy
& v Massenbach (1947) 1t cannet be excluded that some solid or ¢ystic
carcinomas of the ovary may orginate from Brenner tumours Some
seports tAbell 1957, Guoener 1961) may support this view, but » Nn-
nters (1943) doubledly 15 night i regard

tadenoma of the ofher side
g of Brenner tumour, therefore,

g the mahgnant form of

kg 9 :\‘I)pk'nl emithelial nest of Brenner tamour w.th cystic degeneration The
Fig .
.
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DEPARTMENT OF ANATONY, UNIDFRSITY OF HELSIVAL, t\D RESEARCH
LABORATORIES STAR LTD HELSINKT FINLAND

EFFECT OF NICOTINIC ACID AND
MAGNESIUM NICOTINATE ON CHOLESTEROL-INDUCED
ATHEROSCLEROSIS IN COCKERELS
By
JoseF Brrstsin and ANTTt TFLKKX
Recenved 7v 62

1t 15 umiversally recognized that meotinie acid depresses the elevated
werum cholesterol level n man {Parsons & Flinn 1957, Ost 1960, and
Berge el al 1961) It1s not known, howeser, whether this decrcase may
he of value 1n the prevention or treatment of atheroscierosis Evidence
concerming this question from the amimal experiments has heen inited
up Yo the present Altschut {1956) and Cawa el al (1959) noticed pre-
ventatne effect of nicotinic acid on cholesterol-induced atherosclerotic
changes 1n the aorta of rabbit The latter authors stated that the degree
of the imvolvement of the sorta was lower in cholesterol-fed anumals
treated with micotinic acid than 1n those recening cholesterol alone
This difference was even more striking microscopically when the thick-
ness of the plaques m the anumals of the two groups was compared

According to Cawa et al (1959) pathologic changes due to the pos-
sible toxieity of nmicotinic acid were not found except for a few haem
orrhagic lesions in the hidney Fatty deposition in the Iner, of anumals
fed with nicotinic acid was shghtly more pronounced than that of
ammals fed with cholesterol only

Mernil & I emley-Stone (1957) analyzed the cholesterol content of the
aorta and of the lner n cholesterol-fed rabluts and that of the liner
i cholesterol fed rabbits treated with nicatinie actd, they noticed that
mieotimie acd effectnely imhinted the deposition of choicslertﬂ n the
aotta and to a lesser degree, the cholesterol storage in the Iiver

Gaglor & coworhers (1960) succeeded in suppressing the degree of
elevation of blood cholesterol 1n cholesterol fed chichs treated with
nmicolinic acid wheress nicobinic and produced a substantial rise of
Iner cholesterol Fatly infiltration of the Iner, as a result of meotme
amude treatment, has been reported by Handler & Dubtn (1946) Ac-
cording to a recent report by Hunter & Wong (19

61) mcotime ac -
pletely failed 1o prevent the chol Linduced ath 1 com.

changes
261
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Brenner tumour a ranty, considering the rclatively low mnerdence of
the benign form and the mfrequent mabgnaney of the comparalie
pseudomucinous cystadenoma

Dubrauszhy (1949) describes areas of meipient squamous metaplasa
m the mahignant Brenner tumour, and the case of Machinley (1936)
was m part “almost eprdermond 1n ty pe” These findings may correspond
to the small bud of cosinophilic cells 1n the present tumour

SUMM L RY

A case of malignant Brenner tumour n an 81 years old womnn is
described Symptoms were Jargely due to a large serous eystadenoma
of the other ovary Gross examination of the partly cystic, partly solid
tumour did not suggest malignancy, while the histological prcture re
vealed mahgnant transformation of epithelial Brenner 1slands and m
vastve growth, and so established the dingnosts

Now, one year and three months after opcration the patient 1s still
alise and without abdominal complamts
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1 3s unnersally 1 that tinie acid dey the elevated
.erum cholesterol level m man (Parsons & Flinn 1957, Ost 1960, and
Berge ef al 1961) It 1s not known, howesver, whether thiy decrease may
be of value i the prevention or treatment of atherosclerosis Exidence
concermng this question from the animal expermments has been limited
up to the present Altschul (1956) and Cawa et al (1939) noticed pre-
ventatine effect of nicotinic acid on cholesterol induced atherosclerotic
changes 1n the aorta of rabbit The latter authors stated that the degree
of the ivolsement of the aoria was lower in cholesterol-fed anumals
treated with nicotimic acid than in these recenving cholesterol alone
This difference was even more siriking microscoprcally when the thick-
ness of the plaques in the anumals of the two groups was compared

According to Cawa ef al (19539) pathologic changes duc to the pos-
sible toxicity of micotimic aeid were not found except for a few haem-
orrhagic lesions mn the kadney Faity depositon 1 the liser, of ammals
fed with micotimic acid was shghtls more pronounced than that of
amimals fed with cholesterol only

Mernt & I emlcy Stone (1957) analvzed the cholesterol content of the
aorta and of the hyer in cholesterol fed rablnts and that of the liver
w cholesterol fed rabbits treated with nicotimic amid they noticed that
meotinie and effecthivels inhinted the deposition of cholestero! 1n the
aorta and to a Jesser degree the cholesterol storage 1n the liver

Gaylor & coworkers {1960) succceded 1 suppressing the degree of
clevation of blood cholesterol i cholesterol fed chichs treated with
mcolime acid whereas nicotinic acid produced a substantial rise of
hiner cholesterol Fatly infiltration of the Iner, as a result of mcotine
amide treatment, has been reported by Handler & Dubin (1946) Ac-
cording 1o a tecent report by Hunter & Wong (1961) micotimic acid com-
pletely {nled to prevent the cholesterol induced atheromalous changes
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of the aorta of cockerels Nemher were they able to find any decrease
m the scrum cholesterol of the cockerels treated with mereising
amounts of nicotinie acid ranging from 0 25 per cent to 15 per cent of
food

The present study was carried out i order to myestigate the effect
of nicotinic acid on cholesterol-fed cockerels which 1n contrast to rab
bits but hike man, are omnisorous Of importance may also be the fact
that 1t has been impossible to induce atherosclerotie ¢hnges m the
aorta whereas the coronary tree has been mvolved, too (Pich et al 1952)

Besides nicotinie acid, the effect of 1 nicotinie acid der iive wilh
protracted resorption, magnesium nicotinate, has also been studied

MATFRIAL AND UFTHODS

Lights nine onc-dav-old white Leghorn cacherels were subdivided smte four
groups Twelse animals served as controls They were fed with standard broter
chow The diet of the sccond group of 25 birds was supplemented with 2 per cent
cholesterol and 5 per eent sesame o1l The third group of 26 cockerels was fed the
chow supplemented with cholesterol and sesame o1l, and I per cent nicotimc acid
was added to the dret of this group The fourth group also including 26 birds te
caved the same dict as the amimals of the thied group except that 1 per cent mag
nesium nicotinate was gnen nstead of micotinic acid The experimental pertod
lasted for twelve weeks The hirds were hept under dentical conditions as regards
housing Iipht and temperature Lhey recenved food and water ad Itbitum The food
consumption and the weight gain was about the same n all four groups The birds
seemed to thrive on all regimens

After the experimental pertad the roosters werc hilled by decapitation The tho
aci aorta was opened and the aortic lesions were cvaluated under a magmiving
glass usng 2 grading scale from 0 1o 3 according 1o the pranciples presented by Rat*
& Stamlcr (1953) Picces from aorta heart muscle and hner were taken fited
m Bowm s fluid and embedded 1n paraffin The sections from aorta were staned
with the picro indigocarmin orcein method (Romers 1948) and the heart and Inver
stetions with the Waigert van Gicson mcthod or wath H & T

RITERINCES

Aortic lestons According to the colour, the unevencss or the prosence
of major lestons (the number of the macroscopcally discerntble athe
romas of the aortic wall, the gross examination revealed the following

changes
TABII 1
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The average gross estimates of aorhe Jewions were 15 (OUO\“_ Con
trols 010 cholesterol 17a cholesterol [lus micotinic acid §17 cho-
lesterol | lus magnesom micotinate 096

The results mdiente that sortic lesions i the cholesterol fed irds
tre ted with meotime acid or magneswm nicobnate tended to te less
severe than those of the cholesterol fed Firds The nerdenee of dorte
esons however was af out the same s all three expenimental groups
jontaneous atherosclerosss although always shght was rather com
mon in our material According to the data presented by hat~ & Stamler
(1930) the incidence of spontaneous atherosclerosis seems fo vary
rather largely depending probably on the breed w queston

istological examination of the thoracic norta confirmed the gross
findings In the cholesteral fed grouy intumal thickenings {rigment
ation of the sul intimal elastic fibres and atheromatous changes tsprcal
stgns of chalesterol induced atherosclerosis were constantly seen Io
the aorhic wall electron mucroscopically detectable changes tsprcal
to atherosclerosis were found n this group too (Latiinen to he pub
lished) The histalogical changes were less marked 1n the two other ex
1unmental grouy s

Hear!  The gross examunation of the hearls of the roosters did not
reveal any macroscof ieal visible differences in the four grougs except
some yellowssh plaques mn the first fus millimeters of the coronary

irteries of the cholesterol fed birds This 1s well 1t accordance with the
results of Aat & Stamler (1923)

Microscopically the coronary arteries of the cholestero! fed roosters
exhubited a narrow lumen and intimal thichenings

The evaluation of the atheromatous state of the coronary arteries of
the two other exg crimental groups was rather difficult hecause of the
Liek of rehal le quantitation | ossihilities The intimal thickemings and

1 narrow lumen however were less frequently observed in coronary
arteries of the two groups treated with nicotinie acid derinatiyes

Yuer The hners of the ammals of the three experunentat grouy s
were enfarged and grevish sellow sn colour Microscopical examination
resealed a fairhy jronounced mostly central fathy whitrabion \o df

ferences between the ex) cnimental groups were obsersed the histo-
topieal apperaned of the Iner

DISCUSSTON

Our results indie te that under conditions Jrevathing n the |resent
«xpenments nicotinic acid and magnesium micotinate are cajable of
Lreventing 1o some extent cholesterol snduced atheromatous changes
1 the qorta and 1 the coronary artertes of the carkerat i

The -
thred ¢
tin W
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p—



264

tween the cholesterol-fed animals with or without a supplement of nico
time acid or magnesium nicotinate

The antiatheromatous and suppressing effect of nicotimic amid on
clevated cholestcrol levels 1s far from having been made clear Hardy
el al (1960) observed an increase of cholesterol synthesis from acetate
m the rat and mn the chick due to nicotinic acid, but contradiclor
fmdings have also heen reporied Gaylor et al (1960) were not able to
find any excessive degradation of cholesterol to hile acids Referring
to these observations Stnelair (1960) sunggests that nicotinic acid mav
affect the transport mechamsm of cholesterol ending 1n an opposite
effeet of the therapeutic am to decrease the deposition of cholesterol
in the intima The present morphological observations are not n agree
ment with the mechanism clarmed by Sinclair (1960), at least not
cholesterol induecd atheromatosis of the aorta and of the coronary arte
ries m cockerels

According to Berge el al (1960) a long term treatment of hyper-
cholesteraemia with micotnie acid 1n man has often brought about dis-
turbances mn the Iner function It 1s concersable that similar distur-
bances may have been present m our experimental animals, although
related histologieal changes were Inching

The antiatheromatous «ffect of mcotmic acid and its dernative seems
to be evident not only 1n the rabhit but also 1n the coeherel, an ammal
well suited for atherosclerotie research

Our results differ, howesver, decidely from the observations of Hunler
& Wong (1961) In their series of twelve cholesterol-fed cockerels the
administration of nicotinic actd failed to induce any hypocholesterac-
mic effect nor did 1t prevent the development of aortie atheromatosts
On the other hand, Gaylor et al (1960) succeeded to depress signific-
antly elevated cholesterol levels in the chick The antiatheromatous
effect of nicotinic acid seems thus to be related to its nfluence on the
cholesterel metahohism

SUMVARY

The effect of nicotinte acid and magnestum nicotinate on experiment-
al cholesterol tnduced atheroselerosis in cockerels was nyvestigated
Both agents seemed to have a preventing effect on the atheromatous
changes of the aorta and the coronary arteries as estimated visually
and histologiealls  Atheromatous changes were noticeable 1n the 10rt
and coronary arteries of the cockercls which recened nicotinre acid or
1ts derivate but they were Iess severe than those of the birds fed with
a cholesterol dret only The gross and histologieal appearance of the
Inver, a fatty infiltration, was similar 1n all threc expcnmental groups



265

RFFFRENCFS

- . te ~4 4 - experimentellen
19%6
. ¢ AW Hyper

Mekenzte It F
Atheromatosis of

2 1950

Habbits Proe Mayo Clin 33 802 1953 en v s taitant Bt

‘ .
Hardy RW F Gaglor I I & Baumann C 4 Biosvptheus of Sterols and Fatty
Acids as Affected by N\icotimie Aaid and Related Compounds J Nutr 71 159

Hunter J D & Wong L € “Naeotinic Acid Flfect «n Cockerels Arch Path, 72 465
1961

hat I % & Stamler ] Fyperimental Athercselercsis™ (. C Thomas Springfield
Nlin s 1923

Laitinen | To be published

Verrtl J M & Lemley Store ] Fifects of Micotinie Acid on Serum and Tissue Chol
esterol 10 Rabbits Circulation 76 91> 1957

Parsons \ B Jr & Fhinn J H Reduction of Serum Cholesterol Tevels and Beta
prnprnleln Cholesterol Ievels by Nieotinic 4exd Arch Int Med 103 783

959

Puk R Stamler J Ro Ibnrl S & AKatz L ¥ The Inhibition «f Commlr) Alhtro-
sclerosis by R Fed Chicks ( 76

Romeis B Mikroshopische chhnlk_ Leibnitz Munchen 1948

Swclar H M In Procec Lings of the Symposium ¢n Drugs Affecting Lipid Meta
hohism p 590 Milan 1960

Ost C R Nihotinsyrabehandling vid artersoskicros och blodlipidrubbningar Nord
Med 6% 1380 1960
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EFFECT OF EXPERIMENTAL
EPIPHYSIOLYSIS ON THE MORPHOLOGY AND
FUNCTION OF THE GROWTH ZONCG

By

SvEN-Oror HIFRTQUIST and Or1¥ WTIsTI RBORN
Recenned 8162

It has been shown that if a fracture (epiphy stolysis) s produced af
the junction of the epiphystal cartilage and metaphysis of long bones
m growing experimental animals, the formahion of hypertrophic carle
lage cells continues while, duc to cessation of resorplion, the hyper-
trophic portion of the epiphysial cartilage progressively mereases m
thichness (Jahn 1893, Schmorl & Lossen 1901, Dale & Harris 1958,
Trueta & Amato 1960, Westerborn 1961) The lesion heals within three
to eight days through mmvasion by capillanies and resorption of chondro-
cytes, with concurrent formation of new hone trabeculac The number
of hypertrophic cells may, m cerfain instances, become abnormally
multiphed, and all except the joungest of them exlulit an approvi-
mately umform degree of devdlopent and general appearance through-
out the zone

Epiphysial carfilage thus thichened presents simmlarities wath that
found in richets This observation has been made by Schmorl & Losser
(1901), as well as by Trueta & Amato (1960) in their vascular studies
on the growth zone

The mvestigation here reported was dewigned to elucidate the course
of cvents mn the growth zone following separation of the epmphystd
cartilage from the metaphysis, and to compare the resulting changes
with thase observed n rickets To this end, histologie, autoradiographic
and microradiographic technques were cmploy ed

MATERIAL AND MFTHODS

Young rabts waghing 300 406 grams were used Wath the apimals under cther
anesthesia a longitudinal tncisien was made through the shin over the distal growth
adius or ulna The periosteum was then divded longitudinalis and en
ith a scalpel at the junction of the epiphysial cartilage and
the ammals werc releascd without fixation

radius of ane cxtremity and the ulna of the

zone of ther:
physiolysis produced W
metaphysis Following suture

In the majority of experiments the
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(ther were thus treated For the earliest experiments the radius of ‘on: side only
was used The contralateral bones inyvariably served as untreated controls ; red
A total of 65 bones 1n 40 rabbits were operated on Fighteen ih(lml’!! were injecte

. A e

cr 8 days after the operation
¢ l’mmgdlzl,el) after llca(’ly-n the distal portion of the fadius and wina on b th sides
was dissected out and fixed m 10 per cent neutral formalin Decaleification was
done 1m 2 solutien of equal pasts of 44 per cent formic acd and 20 per cent monn
scdium citrate These procedures were folloned by embedding 10 paraffin For the
m ctaradiographic studies specimens from 13 animals were embedded without prinr
decalaification

1 a4 bie W 10cHlZL fIneral saits in the tissues

RFSULTS
Histologic Findings

‘Two davs after operation the earbilage and metaphysis were seperated
by a fracture partialls filled with blood and fibrin In the metaphysis
adjacent to the fracture coirse trabeculae with thick bone structures
covermg smll basophilic cartilage remnants were obsersed The carts
Inge zone had greatly thichened the number of proliferative cells pos-
sibls having somewhat increased and the number of hy pertrophic cells
hasing greatly increased The Jatter cells showed a umform histologic
appearance throughout the column The cells nearest to the epiphysio-
Tvuis were here and there, somewhat more flattened than normal The

crtitage organization was fauly regular and a distinet columpar nat-
ter ’ "

ne ’
[ o o asuu alltl our 1o six days

‘The healing process was initiated by capillary invasion of the carf1
Tige zone from ihe metaphyvsis the irsasion heginning at different times
n different parts of the zone One capillary myaded each cell column
and resorbed the cells i an apparentls normal manner The resorption
p':ncc('d(‘d at 1n inereased rate and, sn some nstances eien oraatt
' '

elanolan .

wurie appeared n the metaph
boundaries hetween these and the afy ; tebeculg

d coarse trabeeula
were quite distinet and frequently constituted the sol

T le evidence of
operation (Fig 2) Although healing was imbiated at different lu(r)msu:l(;
dilferent areas of the growth zone, the fotal thickness of the cartilage
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Fig 1

Growth zone from distal end of radies Hacmatoxylin and cosin X 9% a Normal

control side b Two davs after opcration Substantially thickened epiphysial cartil
age with ncreased number of hypertrophic cells Unhealed epiphysiolvsis

zone and the new trabeculae was umform throughout the longiudinl
section

In many nstances the fracture did not involve the whole of the trans-
verse sechion at the junction of cartilage and hone When the {racture
was located further mside the cartilage zone, signs of cartilage necross
n the form of cell damage and altered tingthility of the matrin were
often observed (¢f Westerborn 1961) In specunens 1 which the frac-
ture was, i part, correctly placed, the cartilage zone developed, n the
relevant areas, exactly as deseribed above

Antoradiograplue ndings
Control Specumens — The autoradiograpluc picture was fully consise
tent with the one prev wusly reported for rabluts (Cngfeldl & Wesler-

born 1960) and rats (Hyerlquist 1961), 1re,



Fig 2
Growth zone from distal end of radius four days afler operation Incipient healng
of the epiphysiolysss Regular slender trabeculae containing remains of cartilage

immediately Fl w the hypertrophic z ne theteto 1s a t belt of
and chond! t remams of the epiphssiolysis (arrow)
Haematoxyhn and eosin X 100

jection a radiosulp hate uptahe wath a purdy ntracellular locahization
was manifest throughout the cartilage zone Twenty four hours after
the mjection labelling was observed chiefly at the cell peripheries and
n the mairix adjoining the cell columns After the lapse of four or five
days the radiosulphate uptake was almost exclusively extracellular in
the cartilage zone and by this time labelling of the cartilage remnants
n the metaphsysial bone trabeculae adjacent to the cartilage zone was
also discernible

specimens unthout Signs of Healtng — In these specimens the radio
sulpbate uptake was fully normal 1n the greater part of the cartilage

e

> nn Thorad nean ik

nyjertrophic zone however 1n contrast to the normal specimens ex
Ibiled Little or no uptike (Fi 3a) Similarly, after the lapse of 24
hours a norm il uptake pattern was observed except i the part of the
hpertrog hic zone adjacent to the fissure (Fig 3h) Certamn specimens

showed 1o parts where the carhilage was not so thich an uptake ex-
tending as far as the fissure
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Fig 3
Autoradiograms of growth zone from distal end of radius x 85 a Two hours after
radissuiphate ingcction  threc days after operation onspicunus imtraceflular up
take 1n the resting cartilage prohforative zone and adgacent part of the hypertrophic
zont Lattle or no uptake i the eartilage tonterning inercased number of hypertra
phic cddis (the arrows point te the cartilage fracture junction) b Twentyfonr hturs
after radiesulphate injcction  four davs after opcration abclling chiefly of tht
<A1 peripherscs and pericellular matrix n the resting cartilage zone the protiferat
e zone and adjaeent part of the by pertroplae zone §attdc or no labelling of cddls or
matrix an the rest of the hypertrophic cartslage (Arrows as in a} ¢ Four days aftar
radiosulphate ngection four dass after operatien arey cxtraclular uptake of
St throtghout the thihoned carizlage zone (Arrows 2% an a)

Fig 3
Alieroradiograms 8 20\ «f undcealetfied scetrons 5 s thick from distal end of the
Frlins X 83 (a b €) X 5% (d) a Nermal Mineralization of the zonc of preparat

B POPHTOPIIC CartItang
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Four or frve days after the mjection the specimens showed §7 uplake
throughout (fie carlilage zone, the labelling besng largely extracellutar
In contrast to the findings 1n the control specunens, no labelling was
noted over the traheculae m the metaphysis Labelling of the eartilage
zone was heavier along the fracture hine than elsewhere in the zone
(Fig 3c¢) In the control specimens the uplahe 1n the carbitage zon
was more untform.

Specunens with Partial or Complele Healtng — Two and 24 hours
after the $% injection these specimens showed normal labelling of the
entire carbilage zone as Lar as the metaphysis In ene or two mstanees,
however, no labelling of the juxtametaphysial part of the thichened
carlifage was noted As long as four or five days after the injection nor-
mal Inbelling was found 10 the cartilage zone, while 1n the new trabe-
culac the uptake was scen to extend as far as the junction with the
coarse, irregular trabeculae m the metaphy vs

Completion of healing was accompanied by normalization of the s
toradiographic findings

Microradiograpliic Findings

Control Specunens — The growth zones of the untreated control spe-
cunens showed wdentical mineralization patterns Caleification was ob-
served tn the metaphysis at sites corresponding to the trabeculae, foe
caleification extending to the longitudinal matrx of the epiphysni
cartilage between the lowest three or four hypertrophic cells, te, the
zone of preparatory caleification (Fig 4a)

Specunens without Signs of Healtng ~ Substantial deposition of mi-
neral salts was observed s the metaphysis at the sttes af trabeculae
whieh, m these specunens, were abnormally coarse and wrregular

Microrathograms from 2 anumals sacrified 2 and 4 days, respectvely,
after the operation showed ne tuneralization of the cartilage matnt
texcept for a mupute rectangular area measuring approxsmately 5 by 8
ypertrophuc celts, m the hyperirophne eartilage) (Fig 11)

Speesmens from other animals, however, exlubited an the epiphymd
cariage a transverse zone of caleified cartilage matrix parallel with,
and a fow cells away from the fracture ine The caleified zone had a
thichness equnvalent to § 16 30 hypertrophic cells and extended ap-
proximately the full width of the epuphysial cartilage (I1g 4¢) Several
weemens exhibited two transierse zones, one of wlhich was contiguons
to the fracture In a few specimens a third transyerse calcified zone o7
irregular calcifted areas were also observed lugher up m the carttage
and Were, as a rule, assaciated with vesscls of varying caliber (g 4 )
in general, only the longitudmal matrix appeared to he ealerfnd

Speaniens Wil Partial or Complete Healing - Signs of heahing were
mamiest as wmeypient captliary myasion — one capillary for each carb-
Iage column At the stte of cach capllary there was mineralization of




Fig §

the lonmtudimal cartilage matrix, frequently extending to a lesel equy
1alent o 10 12 cells (Fig 5)

When healing was complete the cartilage zone had reassumed 1ts
normal mmeralizahon pattern In this group the newly formed trabe-
culae in the metaphyis showed 2 normal mineralization pattern

DISCUSSION

When cpiphssiolysis 15 experimentally produced at the junction of
cpiphysial cartilage and metaphysis, the hypertrophic cells continuwe
to proliferative, the cartilage becoming progressiely thicker as long
as the fracture remamns open The abnormslly thick carlilage thus
formca consists largely of hypertrophie cells of normal histologie ap
pearance Wathin, as a rule, 4-6 days healing hecomes manifest 1n the

form of capillary invasion, resorption of hypertrophie cells, and for-
mation of stender trabeculae
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Autoradiographic examumation was carried out after admimstration
of radiosulphate in order to study the chondrostm sulphate metabolism
of the cartilage, presious investigations having shown that this meta-
bolism " reflected in the antoradiographie picture (Dziewathowsht
1951, 1953, Bostrom 1953, Belanger 1954, Engfeldt & Westerborn 1960)

The abnormally thick eartilage formed m these cxperiments ad, to
Judge by the autoradiographtc findings, a normal chondrottin sulphate
metabolism n the resting and prohiferative zones as well as m the
hypertrophic cartilage adjoining the proliferative zone In the remain-
der of the hypertrophie zone the §% uptake 2 hours and 24 hours after
the injection was erther substantially dpmimished or umidentifiable

One possihle explanation of this finding 1s that the cells i that area
do not synthesize chondroitin sulphate 1n the normal way Alternatne-
Iy, one might postulate a reduced supply of precursors of chondroibin
sulphate due to the altered circulatorsy conditions, the distance to the
epphysial or to the capsular vessels heing relatively great It has heen
shown previously, however, that even very thick earfilage zones are
well supplied even though they receive nutrition only from the epiphy-
stal vessels (Frueta & Amato 1960, Westerborn 1961} The [urstmen-
tioned hypothesis 1s, thercfore, the most plausible The supernumary
hy pertrophic cells are probably at a stage of development i which hitle
or no synthesis of chondroitin sulphate takes place

The findings here reporied are 1 many respecls consistent with ob-
seryations made during studies of experimental richets i dogs and rats
(Hyertqmst 1961 a, h) A regards the appearance of the chondrocytes
and the stammability of the cartilage matnx no essential difference
emerges between the present hustologic findings for epiphy stal carbihge
and those recorded n previous myestigations of richets Furthermore,
the autoradiographie findings show conspicuous suntlarities Two and
24 hours after radmosulphate njcetion the uptake of S* by rachitic
hypertrophic cartilage 15 inted to the area adjoinng the prohferatne
zone The same 1s true of the thichened hy pertrophie eartilage produced
m the present myestigation In cascs of experimental richets,radio-
sulphate labelling throughout the cartilage zone 1s obsersed 3 and 7
days after the injection, and in the present insvestigation 4 days after
the wnjection The distribulion of the uplake, morecover, comeudes with
that deseribed for normal animals

Epiphysial cartilage resembhing that assoctaled with richels has thus
heen produced by experimental epiphysiolysis This circumstance sug-
gost that nather the accumulation of hypertrophic cartilage cclls nor
their defective chondrotin sulphate metabolism s, 1n rickets, patho-
gnomonic for that discase It might alvo by mterpreted as an indication
that in rickets the thichening of the epiphysial cartilage and the alte-
ration of its chondrottin sulphate mectabolism result from failure of the
sorh the chondrocytes i the narmal manner The re-

apillares to ab
o t that the accumulation of hypertrophic cells and the

sults also sugges
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dwsturbed chondrostin sulphate metabohsm sn richets do not necessarily
represent a pnmary defect of the cartilage cells but may instead be
sceondary mansfestations

The microradiographic studies show that when more than two days
hase elapsed without signs of healing, a transwerse zont of caleifted
cartilage matrix mav be discerned at a distance of three or four cells
from the fracture This finding conflicts with the view of Triela &£
Amalo (1960) that caleification can take place only 1n the immediate
sicnity of vessels

In the course of healing capillaries penetrate the cartilage columns
and at the same time, caleified cartilage matnix appears, frequently
extending ten eells or more 1 advance of the imvading capliary, as
compared with the normal distance of only two o four cells A possible
explanation 1s that the resorption and ossification which occur are
accelerated substantially beyond the normal rate It 15 concenable that
resotptian does not take place until the cartilage matrix has heen cal-
aified for a certain tiune and that accelerated resorption aceordingly

prior 10 invasion ot the carhiage

The microradiographic inveshigation has also demenstrated similan
ties 1n the minerahization patterns of rachitic epiphysial eartilage and
of the cartilage noted 1n this study In the present experiments the em
physial cartilage either show ed practically no mineral salts or contawmed
onc or more mmeralized zones m the matnx of the hypertrophic zone
Riclutic hypertrophic cartilage usually 1s not calefted, though occa
stonally 1t has small areas of caleified matrix The healing stages ob
served after experimental epiphysiolysis may closely resemble those
associated with rickets, both m regard to capillary myvasion and with
respect to deposition of mneral salts (¢f Hyertquust 1961h) The
nueroradiographic findings, hike the histologic and auforadiographic
resulls thus support the view that the epiphysial cartilage lesions ob
served in richets are not pathognemonic of that disease

“either rachilic, epiphysial cartilage nor the epiphysial carhlage as
socaited with experimental epiphysiolysis exhibits any appreciable ca

pritiry invasion of cartilagnous tissues which are deyord of minerat
silts During healir f*+ -

physiolysis and in
place before any rc
wite The regular cq,

wrull ana e resorplion of

we n both mstances, preceded by mmcrahzahr{‘n of lh:';:r::;f:dcxc"sl
cartilage matrix immedindels ahead of the advanemng capslianes 'l{l:
arrested resorption of cartilage cells in richets might therefore | <
1o the suppresston of mincralization wn {he cartilage matrix e e due

v
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SUMMARY

Epiphysiolysis of the distal growih zones of the radius and ulna was
experimentally produced in young rabbits, The epiphysial cartilage was
studied histologically, autoradiographieally, and nucroradiographueally
two to eight days after the operation. Despite the opecatune trealment,
it continucd to prohferate, and a thick cartilage zone was formed The
area of the hypertrophic zone which adjoined the fracture synthesized,
in conlrast to normal cartilage, little or no chondrotin sulphate Micro-
racdiograms prior to healing of the epiphysiolysis either showed onc or
more lransierse bands of mineralized cartilage matrix located 1 the
hypertrophic zone or practically no mineral salts in the carlilage

The experimental trauma healed via capillary mvasion of the carb-
lage from the metaphysis This was preceded by minerahization of the
Tongttudinal earthilage matrix just in advance of the invading capiilaries
The result way a rapid normalization of the growth zone

The above-mentioned three types of examination revealed major si-
mularities between the epiphysial cartilage associated with expermmental
epiphysioly sis and that obsersed in experimental richets
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THE ASK UPMARK KIDNEY

A Congenilal Renal Anomaly Studied by Vicro Angiography and
Histology

By
ARNE 1ause@yasT and CURT LACERCREN
Received 294 62

1n 1929 Ask Upmarh described a renal anomaly winch he ohsersed in
one or hoth kidneys of 6 patients o of whom were also suffering from
malignant nephrosclerosts Typieal gross features of this anomaly were
hvpoplasia of the kidney an abnormally small number of pyramds
and a deep groove n its surface beneath which a calyx hke recess of the
renal pelus terminated without the normal relationship to a pyvramid
The tissue separating the pelvic recess from the bottom of the groove
was fibrotic and apparently contamed no cortreal or medullary compo
nent Microscopically this zone was thyroid like 1n structure and con
tained numerous small spherical spaces hned with emithelium and con
taiming colloid ke substance there were no signs of inflammation
Thus thirawd lthe tissue was devowd of glomerul: and contamned a large
number of thick walled arterial branches Ask Upmark considered the
structural alterations to be congenstal mn ongin and possibhy due to a
disturbance of the interaction between ureterogenic and metanephro
teme anlages duning the deselopment of the hidney

Since Ash Upmark published his ohservations the mornholae » aba

surgical sp

eximinatio “ vl Uns paper

MATFRIAL AND MFTHODS

The 1m0 Ladnevs were removed from women aged 38 and 40
e vears both on mnds
h‘pcrlen(‘l:;"ﬂ hypoplas a and pelvie Wthass (Fg 1) None of the patients had
A75 neresnt go o« .
in B -
ne
na .

——— 977



kg 1 Fig 2

Tig t  Urogram of speetmen 1 showing a small kidney with thin parenchyme
and a large dilated calyx an the lower pole contaiming a conerement Cen
trallh a pelvic recess with a dilated tip 15 seen

Fyg 2 Frontal section through specimen 1 showing the deep groove with the
underlying cystically dilated pelvic recess which dnides the adney wid
one eramal and one caudal pole both of which ccnsist of only a few pyra
mids There are <aleuln in the renal pelvs

¢raphed by the method described m an earlier paper (Lyjungqi st & Lagergren 1962)
I or histologic exammation these blocks werd re embedded and serial scetions were
cut from the block of cach hidnes that comprised the groove pelvic recess and sur
rounding tissue From cach of the remaiming blocks 3 sections were cut The sections
were staned with haematotilin cauin ar by 1van Gueson s wethod in some sections
after pre stammng for clastic fibres according to Verhoeff A few sectians were
stamed for fibrinoid substance by [ adcwig s mathod

Gross Findings
Spectmen 1 (Fig 2) The hidney measured 9 by 5 by 35 and was abnormal mn 1ts

configuration Both pales were bulky A deep groote passed centraliy across the lateral
aspect of the hadney The renal peluas contained friablc and gresish white caleulus

material 1n the lower polc adherent to the wall of the pedsis which at this point was
beneath whach at

recess bisected the
Therc was normal
eparated from the

sdth
. confguration was
practically 1dentical with that of specimen 1 but the poles were not as bulky A deep
horizental groove passed centrally across the surface of the lateral aspect and a zone
of fibrous tissue separated its bottom from the end of a pelsie recess The tatter
A ided the hadnes into two parts the lower of Which had 3 pyramids and the upper



Fig 34 Fiug 3B

Fig 34 Micro angiogram from the cortical 2one of a normal hidney showing an
iterlobular arters which gres off arterioles One on the left forms a
glomerular tuft and the one on the right ss thin and ends blindly X 25

Fig 3B Hitologic section of the area depicted 1n Fig 3 4 The blindly endiog ar
teriale teads to the vascular pole of a degenerated glomerulus Hir X 90

2 The renal pelvis contained a single coral stone but the eystially dilated end of the
recess was free from caleuls
Hustologte Fiadinys

Specimen 1~-The tissue separating the pelvic recess frnm the bottom of the groave
bad 2 thyroid Iike strocture with numerous small spherical spaces Lined with a
single layer of and a calloid like sub (Figs 5B and 6B)

malory cells

ally and in ihe lumina of the tubules there were streaks of Iymphocytes and

plasma cells arranged tanwise In these aceas there was af by of
slight thickening of the walls of th, ¥ o e

¢ pre glomerular vessels due to cellular hyper
p]':sln and periglomerular fibrosis many of the glomerul) were totally fibrotic
There was no evidence of the 1hyroid like structure 16 these arcas Where the renal
tssue was unchanged the arteries too Were normal
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Fig 3 4 Ahiero angiogram from the juxtamedullars zone of a normal kidney show
g an aglomcrnlar arteriole which divides (botlom right) mto artersolae
ructac of the medulla X 25

Fiqg 3B Histologic section of the arca mdicatcd in Fig 44 The arteriole passes
through a degenerated glomerulus the fibrotic capsule of which 1s clearhy
sten ran Greson X 90

Sparumen 2 As i speamen 1 the tissee scparating the pelue recess from the
bottom of the groove was thyrord ke in structure There were densely disposed
spaces contunmng a collord hhe substance (Fig 5B) and many scarred glomerull
with a patent capillary loop 10 the vascular pole The peluee recess was hined with
tranational epithclium and the subepithelal trosue was selerotie and shighth m
filtrated v Ivmphoytes There were no signs of prelonephrtis or nephrosele

rosis

Micro an pograr hie Iindings

The prcipal features of the micra anpiograms were practicallh adentical i the
two kidnevs The vascular pattern of the thyrowd Tihe trssue between the pelvie recess
and the gromve was that of an abnormally small renal lobe with the cortex and
meduila clcarh authned (Fig 5 4) The anterlobular artcries were tortuons and
thin and gave off o large numbcr of branches of capillary calibre which formed
networl s of 1 oping vessels (Fig 6 1) Sernal listologic scetions showed these net
works to consist of affcrent and efferent arterioles communicating through the vas
cular pole of degencrated plomeruli (Fig 6 B) and of anastemosing capillaries
arising from the ciferent scgments of these aglomerular artertolcs and surrounding
the collord filled spaces The medullary vessels orsginated in the justamedullars
zone they werc all ramfications of aglomerular arterioles and thus werc of the
arteriolac reetac verae tvpe (718 5 1) They extended to the wall of the pelvie recess
In the rest of speetmen 2 the vaseular pattern was normal for the age hut m the
inflamed parts of specimen 1t was typical of chronic pyelonephritts (! agergren &

Lyangqr st 1962)



Frg 51

Fig 58 Hustologic seetinn of the area depscted 1n Fig 5A The arca has a thyrod-
Tike steucture and no pattern of a renal lobe 1s evident vant Geeson X 22

DISCULSSION

The gross pieture of the two hidneys bore a close resemblance to that
described by Ash-Upmark m 1929 The histologic appearance also corre-
sponded essentialls with s description apart from the absence of ne-
phroselerosis and the presence of scarred glomeruh mn areas of thyroid-
Uike structure From his gross and histologie findmgs Ask-Upmark con-
cluded that the pelvic recess was unrelated to any pyramid In the
present . toa, these methad: d that the thyrowl-like
structure was not that of a renal lobe, the vascular pattern visualized

by muero angrography, on the other hand, was indisputably that of a
renal lobe, for there were well-defined though altered cortical and me-
dullary vessels and a distinet eortico-meduliary border

The histologically most charactenistie feature of the affected tissue
wis 1ts thyrowd Dihe structure It 1s generally held that the presence of
such tinsue i the kidney 1s a result of chromie pyelonephritis, but 1t has
also been mterpreted as a congenital malformation of the renal tubules
(Fahr 1938, Yoth 1919) 1n the present matenal the positional relation-




Fig 68

g 64
I'tg 64 Micro angrogram of the cortical zone of the hy paplastic labe of specimen |
There 1s a networh of aglamcrular anastomosing sessels formung loops and

hinhs X 60
I'ig 61 Histologie section from part of the arca deprcted in Fag 6 A One vessel 15
seen to pass through the vascular pole of a scarred glomerulus ¢ an Greson

X 128

ship between the spaces contamning colloid-like «ubstance and the cor-
tical capillaries suggests that the former were dilated tubules On the
basts of the findings of a previous mvestigation (Lagergren & Ljung-
quist 1962) 1t was tentatinely concluded that such dilatation of the
tubules observed mn chronie pyeloncphritis may he accounted for by one
of the following two factors (1) pyclonephritic damage to nermal renal
tissue and (1) pyvelonephritic damage to ectopic juxtamedullary tissue
m the cortex In the latier event, as was the case m the thyrowd-like
regions of the kidneys of the present studs, the afferent and cfferent
arterioles were tn commumication pia degeneratcd glomerul: throughout
the cortex Glomerular degeneration will normally gne rise to such
aglomerular arteroles only n the yuxtamedullary zone (Fig 4), while
further out in the cortcx the affercnt arterioles end blindly at the vas-
cular pole of the degenerated glomeruly (Fig 3) (Ljungquist & Lager-
gren 1962) In both speceimens of the present study the vascular altera-
tions mn the hypoplastic lobe accompanying glomerular degenceration
suggestcd the whole of 1ts cortex to be juctamedullary m type, wiuch
would most likely be a congemial malformation The thy roid-Ithe struc-
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ture may be ascribed 1o persistant funchon of the degenerating glome-
rub owing to the maimntamance of blood flow through them Asin pyvelo
nephntic scarring (Aleeman el al 1960} the marked fibrowis of the
pchvc wall and adjacent part of the medulla may have impeded the out
flow from the tubules with consequent obstruction and dilatation

The fact that the cortex of the hypoplastic lobe was composed entire
In of juxtamedullary nephrons may well be due to a disturhance of the
anlage of the lobe and degeneration of the nephrons would account for
1ts thyrowd Iike structure While the cause of this degeneration 1s obs
cure 1t 15 probable that the malformed part of the hidney would he
unusually susceptible to noxa and that the degeneration would there
fore occur early 1 hfe Thus theory 1s supported by the fact that 5 out
of 6 patents 1n Ask Upmarks senies were adelescents

That the mscroseo] 1¢ changes point to a congenutal malformation of
the renal tissue and that the abnormal number of pyramids and the
pelvie recess are unlikely to be of post natal origin constitute compel
hing evidence that the Ask Upmark hidney 1s a congenital anomaly

SLWMARY

Micro anglographic and histologic stuches were carrnied out on 2 Ask
Upmark kidnevs removed from female patients aged 38 and 40 vears

v crutlol ot e groove was thyroid ke in structure and micro
angrographic exanunation showed 1t to be a bypoplastie renal lobe with
the cortex and medulla clearly demarcated Lxammation of the blood
vessels revealed that the cortex of this area consisted entirely of juxta
medullarsy nephrons This feature was regarded as a congemital anom
Ay as were the abnormal number of pyramids and the pelvic recess
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Fig 64 Fig 68
Fig 64 Micro angiogram of the cortical zone of the hy poplastic lobe of specimen 1
Therc 15 a network of aglomcrular anastomosing ycssels forming loops and

lanks X 60
Fig 6B Mistologic scetion from part of the area depieted i Fig 6 A One vessel 1

sccnzio pass through the vascular pole of a scarred glomerulus van Gieson
X 120

ship between the spaces containing collotd-like substance and the cor-
tical capillaries suggests that the former were dilated tubules On the
basis of the findings of a previous imvestigation (Lagergren & Ljung-
quist 1962) 1t was tentatively concluded that such dilatation of the
tubules observed n chrontc pyelonephritis may be accounted for by onc
of the followng two factors (1) pyeclonephritic damage to normal renal
tissue and (1) pyelonepiinitie damage to cctopre juxtamedullary tissue
m the cortex In the latter event, as was the ecase 1 the thyrowd-hke
regions of the hidneys of the present study, the afferent and efferent
arterioles were in communication via degenerated glomerul: throughout
the cortex Glomerular degeneration will normally give rise to such
aglomerular arterioles only 1n the juxtameduilary zone (Fig 4), while
further out 1n the cortex the afferent arterioles end blindly at the vas-
cular pole of the degenerated glomerul (Fig 3) (Ljungquist & Lager-
gren 1962) In both specimens of the present study the vascular altera-
tions n the hypoplastic lobe accompanying glomerular degeneration
suggested the whole of 1ts cortex to be juxtamedullary n type, which

would most likely be a congemtal malformation The thyroid-iike struc-
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ture may be ascribed to persistant function of the degenerating glome-
ruh owing 1o the mamtanance of blood flow through them Asin prelo-
nephritic scarring (hleeman el al 1960) the marked fibrosis of the
pelvic wall and adjacent part of the medutla may hase inpeded the out-
flow from the tubules, with consequent obstruction and dilatation

The fact that the cortex of the hypoptastic lobe was composed entires
15 of juxtamedullary nephrons may well be due to a disturhanee of the
anlage of the lobe, and degeneration of the nephrons would account for
s thyroid ke structure While the cause of this degeneration 15 obs-
cure, it 1s probable that the malformed part of the hidney would he
wausually susceptible to noxa and that the degeneration w ould there-
fore occur early m life This theors 1s supported by the fact that 5 out
of © pattents in Ask-Upmarks series were adolescents

That the microscopic changes pont to a congental malformation of
the renal tisue and that the abnormal number of pyramds and the
pelvic Tecess are unlihely to be of post-natal ongin constitute compel-
ling evidence that the Ask-Upmark hidney 1s a congemital anomaly

SLMVMARY

Micro-angiographie and histologic studies were carried out on 2 Ash-
Upmarh Lidneys removed from female patients, aged 38 and 40 years
Both hidneys showed hypoplasia, an abnormalis small number or.p_\m-
mids and 1 deep transierse groove m the surface A long pelvic recess
extended towards the groove The tissue separating the end of the recess
from the hottom of the groove was thyroid lihe 10 structure and micro-
angiographic examination showed 1t to be a hypoplastic renal lobe with
the corfex and medulla elearly demarcated Exammation of the blood
vessels revealed that the cortex of this area conststed entirely of juxta.
medullary nephrons This feature was regarded as a congemtal anom-
aly as were the abnormal auwmber of prramids and the pelvic recess
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DEPARTMENT OF PATHOLOGY, UNIVERSITY OF HFLSINKI, MARIA HOSPITAL
HELSINKRI FINTAND

THE SIGNIFICANCE OF HISTOLOGICAL DIAGNOSIS
IN GLANDULAR TOXOPLASMOSIS

By

LAuRt Sani, ERKRI SAnE, and ANsst TENHUNEN
Recencd 8362

The significance of a histological diagnosis 1n glandular form of toxe
plasmosis was {irst stressed simultancously by Saven ¢t al (1938) 1
I'nland and by Piringer-Kuchinka ef al (1958) i Germany The mun
features of the histological changes found in cases previously dragnosed
by serological methods had already been described by Gard & Magnus
son (1950) and by Swm (1950) These changes have been discussed
recently by a number of authors (Roth & Prekarshi 1959, Saren £ Saxer
1959, Budzilomich 1961, Sum 1961, Stansfeld 1961) However, the signt
ficance of this picture 1n the diagnosis of glandular toxoplasmosis needs
further clucidation based upon more ample series The present paper
relates to a new series of 50 patients, chimeally unsuspeeted o tovo
plasmosis, and tested serologically following a tentatne hustological
dragnosis

IHE CASTS

After a presenttion of the characteristic changes in glandular tox0
plasmosis made before the Finnish Association of Pathology m 1957,
pathologist 1 Finland kept a watchful eye on the occurrence of thns
discase n therr daily routine Consequently, duning the years 1958-61
they diagnosed a number of cases as being suggestise of glandular toxo-
plasmosis T The present authors have, with no fore knowledge of the
chinical data of the patients, examuned all these slides, and found 82
of them to fulfil the critern for toxoplasmosis presented n our earlier
papers Of these cases, 50 had been subsequent!y tested serologieallts
and only these cases are presented below It hardly needs stressing that
no cases have been subsequently excluded on the acquirement of hnow-
Tedge of the clintcal dita and the results of the serotests

The present paper lays stress only on the histological features 11
glandulir toxoplasmosts, and theiwr diagnostic sigmficance The clinic il
data will be presented m detail later

1 The authors are indebted to the heads of the pathologieal laboratories 1 Fin
land Dr L Hyelt prof O Jarot dr L Meurman prof C won Numers prof K Setdl!

prof H Tewr and prof U Uolila
284



N

e

FE>

%:%»

A low poner view showing a diffuse collection of pale epithelord like cells and large
germinal centres with mdistinct borders’ Hix—van Gieson X

The original diagnoses were made on shdes stained with haematoxy-
fin-van Gieson or haemalaun-eosin In addition, the following stamnuing
melhods were used 1 subsequent studies: Perodic acid Schiff, Berlin
blue for blood pigment, Feulgens reaction, Weigert's stan for fibrin,
different reticulin stans, Ladewag-procedure ete

RESUITS
Histology

In all cases, the histological changes are quite umiform, as the series
had been selected on the basis mentioned above The most typical chan-
ges an our cases are as follows*

1 The folicular paltern 15 preserscd, but owing to a diffuse or focal
collection of Jarge, pale epstheliod Tthe cells, the margins of the follicles
are not distinet (Fig 1)

2 The large epitheloid hike eells show mdistinet borders, their eyto-
plasm 1 Laintly eosmophilic, and small sacuoles are often seen The
nucleus s vesicular and only shightly stainable with Feulgens reaction
Mutoses have not been noted 1n these cells (Figs 2 and 3)

3 A strong prohifcration of large rcticulum eclls 15 always noled in
the germuinal centres Mitotic figures are common, and many of the cells
contain an abundanee of nuclear debnis,p a S -positne globules and bas-
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Figs 2 and 3
Focal and diffuse collection of emtheloid Iike cells wath indistinct cells bordurs anl
vesicular nucler Hix—svan Gieson X 300 and 600
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Strong peohiferation in the gernunad centres of large reticulem cells contaming au
<lear d¢bris in abundance Htx—van Gieson X 300 and 600
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diffuse collection of epitheloid like cells with mdistinct cclls borders and

Foeal and yesicular nucler Htx—van Gieson X 300 and 600



4 large reticulum cell 10 a germinal center contalntng nuclear debris
Ahe toarse granules clearly

Fig 8
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Dye test
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titers and complement [1ation test titers in the present
3¢S previonsls reported by us (Saxén and Saxén 1229)
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A sinus filled with pleomorphic mononuclear ¢clls. Htx—cos X 600
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Fig 11
The age and sex distribution of the 72 cases of glandular toxoplasmosis

served at the other end of the body These p a S -positine granula often
formed small microcysts in the siemity of the nucleus, and they are
casily distingmishable from the coarse granules found m the large cells

of the germinal centres The authors are inchined to interpret these as
true toxoplasms (Figs 7 and 8)

Serology

The serological tests were made in the Department of Virology, Um
versity of Helsinky, the State Serum Instifule, Helsink:, and the Depart-
ment of Medical Microbiology, Unnersity of Turku The distribution
of the titres 1n the serotests are sndicated in Fig 9 The diagram gnes
the hitres of the 48 new cases and, n addstion, those of the 22 cases pre-
viously reported but collected 1 a sumilar manner (1f several tests
were made from the same patient the highest values are indicated Two
cases with high CF titres are included in the matenial hut excluded from
the table since the dye test was not performed)

In addition, some typical cases are presented m Fig 10

Age and sex distribution

As was the case tn our carhier series, most of the patients were young

adulls, with a definite predominance of women The distribution i
gnenn kg 11

Frequency

The material collected on the basis of histologieal diagnoses gres
WS no rehable higures for the true frequeney of glandular toxoplas-
wosis, as sery many of the cases are obviously correlated with only
shght clinieal symptoms not leading to biopsy Mevertheless, a relatine
ncidence of this disease i the pathalogist’s practice can hc' of certain
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Fig 10
Lxamples of cases in which the DT and CI tifers were examined repeatedls after
the biopsy (point zero  day of biopsy)

ophilic particles Tibrm 1 often encountered betwien the eells, and oc-
casionally extravasation of red blood cells 1s present (Figs 4 and 35)
4 In many areas, the sinuses are filled with large mononuclear cells
The size of their nucler varies, and the nucleoh are proninent (Fig 6)
5 Necrosts, Langhans-giant cells, Reed-Sternberg-lihe cells and cosin
ophuls are seen but seldom, but plasma cells may be more numerous
In some shdes, stained with pa$, a fine-dispersed granuiation was
noted 1n the ¢y toplasm of the epitheloid cells The granula were of equal
sizes, fustform or sickle-shaped, and often a clear vacuole was ob-~
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served at the other end of the body These p a §-positive granula often
formed small microcysts in the vieimty of the nucleus, and they are
casily distingwishable from the coarse granules found n the large cells

of the germunal centres The authors are inchned to mterpret these as
true toxoplasms (Figs 7 and 8)

Serology

The serological tests were made n the Department of Virology, Uni-
versity of Helsinki, the State Serum Institute, Helsinks, and the Depart
ment of Medical Microbiology, University of Turku The distribution
of the titres 1n the serotests are mdicated 1n Fig 9 The diagram gnves
the titres of the 48 new cases and, i addition, those of the 22 cases pre-
viously reported but collected 1n a stmilar manner (If several tests
were made from the same patient the nghest values are indicated Two
cases with ugh CF-titres are included 1n the matenal but excluded from
{he table since the dye test was not performed)

In addition some typical cases are presented in Fig 10

Age and sex distnibnlion

As was the ease n our carlier series, most of the patients were young

adults, with a definite predomimance of women The distribution 15
given kg 11

Frequency

The matersal collected on the basis of histological diagnoses gives
us no rehiable figures for the true frequency of glandular tovoplas-
Mos1s as very many of the ¢nses are obviously correlated with onlv
<hght clinieal symptoms not leading to biopsy Nevertheless, a relatine
tneidence of this disease 1n the pathologist’s practice can bc’ of certan
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Examples of cases 1in nhich the DT and L} titers were examined repeatedly afler
the hiopsy (point zero  day of biepsy)

ophilic particles Fibrin 1y often <ncountered between thc eells and oc-
casionally extravasation of red blood eclls s present (I'igs 4 and 5)
4 In many areas, the smuses are filled with large mononuclear cdlsy
The size of their nucler varies, and the nuciecol are pronunent (Fig b)
5 Necrosis, Langhans-giant cells, Reed Sternberg-like cclls and cosin-
ophuls are secn but seldom, but plasma ceils may he more numerous
In some shdes, stamed witft pa $, a fine-dispersed granulation was
noted in the cytoplasm of the emtheloid eells The granula were of equal
sizes, fusiform or sickle-shaped, and often a clear vacuele was ob-
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granulae mterpreted as toxoplasms 1t mav be added that in some cases
of abundant nuclear debns and other changes which are ymuatie of
toxoplasmosis we have been able to 1solate adenovirus from the lvmph
nodes (through the courtesy of Dr hart Penthtnen)

One of the cases m our basic series later proved to he a mahignant
1vmphog! This ple d ates the most important
mismterpretation m the of gl lar to In view
of the markeq cellular pleomorphism sometimes seen 1n toxoplasmosis
1t 1s quite probable that some of the cured cases of Hodgkins diseases
m fact have been cases of glandular toxoplasmesis It 1s by no means
an ecasy tash to mahe a differenhal d of xop
mosis and an mtial stage of Hodghins diseasc Muclear pleomorph
1sm and high mitotic actiity are hardly appheable criteria typical
large histiocytes ean be vers scants in some cases of toxoplasmosis
and the general signs of smflammation can be shight However eosin
ophilic cells and cell types resembling Reed Sternbergs cells are ex
tremels rare in glandular toxoplasmosis and should arouse the path
ologist s suspicion In cases termed benign Hodgkins disease or Hodg
Lins paragranuloma differential diagnosis mav be even more difficult
{see Jachson & Parker 1931 Harrison 1952 Saren & Saren 1929)

SUMMARY

A report 1s given on a senies of 72 cases of glandular toxoplasmosis
In all cases the diagnosis was first suggested bs a pathologist on the
basis of changes 1n Iymph node biopsies from patients whose climeal
cxamnation had not ndicated this disease Subsequent serotests were
positine o a high percentage (more than 90) The mrcroscopical chan
o8 charactenstic of the glandular form of acquired toxoplasmosis are
deseribed and the differential dragnosis 1s discussed Toxoplasma hke
todies are deseribed 1n some Ivmph nodes
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mterest, Turunen (to be published) has colleeted the Iymph node -
opsies studied i our pathological lahoratory (E & I, Saren) during the
period 1938-60 Table 1 mdicates some of the most imporiant groups
of dingnoses made m these 1000 {ymph node Inopsies

TABIF 1

The Frequency of Certain Findings in 1000 I'ymph Node Bropstes Histologically
Framuned by F and I Saven 1958-60 Compiled by M Turunen (to be published)

Men | Wemen | Total
Toxeplasmosis 1 21 2
Tuberculosis m 178 289
Other specific inflammations 16 16 32
\on-specific inflammations 162 129 291
Malignant lymphogranulomatosts 26 1 10
Other malignant 1y mphomas 30 22 52
Metastatie tumours 74 66 140

DISCUSSION

The 1nvestigation was based on a series selected on histologienl basis
alone, and from a patient population climically unsuspected of lono-
plasmosis The results show a defimte correlntion between the  toxo-
plastie” lustological changes in the lymph gland and Ingh titres m
toxoplasma serolests The titres m our series are defimtely Ingher than
those 1n a control scries with corresponding age distrihution  Gronroos
(1955) compiled data from such a series mn Finland, and his resulls
obtamed from the control group of healthy young adults show that sert
with positive CT-titers are obtained n 13 3 per cent and sera with DT
titcrs above 1/256 1n 22 7 per cent Furthermore, the examples mndicated
wn Tig 10 show that m at least a large proportion of cases m the present
serics, 4 rapid imcrease m the titres followed the first sy mploms leading
to biopsy, followed by a relatinely slow decrease the values This
might be considered as evidence for a recent toxoplasma mfection Ac-
cordingly, although we have not as yet 1solated the mircro-organisms
from the Iymph nodes, we are inchined to feel that in most, if not m il
of our cases, a true acquired toxoplasmis was the cause of the histo-
logical changes Thus the histological prclure 1s diagnostic at least n
the same degree as i some other specific infections. e g tuberculosts
As regards the differential dingnosis, some remarhs are necessity,
though 1n the man we should refer to our eirler discussion (Saren

al
Saxen 1959) The lstological characteristies presented above (large

&
epithelond like cells, pseudogranulomas, abundance of nuclear decbris,
hyperplasia of the Flemumng's ccntres, fibrin cte) re all rither

ures i mflammators reactions of the ly mph nodes How-
heeps to all the eritenia presented, the diagnosis scems to
n n the absence of mucrocysts and the paS-positine

common featl
ever, when one
be possible eve
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wranulac interpreted as toxoplasms It mn be added that 12 some cases
of abundant nuelear debnis and other changes which are imtatne of
toxoplasmosis, we have been able to 1selate adenovirus from the hmph
nodes (1hrough the courtesy of Dr hart Pentlinen)

One of the cases tn out hasie series later proved to be a malignant
Iymphogranulomatosis This example demonstrates the most important
nusinterpretation 1n the diagnosis of glandular toxoplasmosis In siew
of the marked cellular pleomorpluism somelimes seen in toxoplasmosis
1t 1s quite probable that some of the cured cascs of Hodghins diseases
in fact have been cases of glandular toxoplasmesis It 1s by no means
an easy task to make 1 differenbal diagnosis of glandular toxeplas-
mosis and an imbnl stage of Hodghins discase Nuclear pleomorph
1sm and high mitotic actnnity are hardly applicable cnteria, typical
large hustiocytes ean he very scanty in some cases of tovoplasmosis,
and the general signs of inflammation can be shght However, eosin-
ophilic cells and cell types resembling Reed Sternbergs cells are ex-
tremels rare n glandular toxoplasmosis, and should arouse the path
ologist s suspicion In cases termed berign Hodgkins disease or Hodg-
ks p 1 differential diag may be even more difficult
(sce Jackson & Parker 1944, Harrison 1932, Saxen & Saren 1939)

SUMMARY
A report s given on a senies of 72 cases of glandular toxoplasmosis
In all cases, the diagn, was first d by a patt on the

basis of changes in Ivmph node biopsies from patients whose chinical
examination had not indicated this disease Subsequent serotests were
positive to a hugh percentage (more than 90) The mucroscopical chan
ges charactenistic of the glandular form of acqurred
deseribed and the differenhial d 15 d.

toxoplasmosis are
d Tovor a Itke
bodies are described 11 some lymph nodes
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winterest; Turunen (1o he published) has colleetcd the Ismph node n
opstes studied m our pathologieal 1aboratory (F & 1, Saxen) during the
period 1958-6G Table 1 mdicates some of the most mportant groups
of diagnoses made in these 1000 Iymph node hiopsics

TABIY 1
The Frequency of Certain Findings in 1000 Lymph \ode Biopsies Histologieally
Examuned by £ and L Saxen 195860 Compiled by M Turunen (to be published)

) Men Women | 1otal

Toxoplasmosis 1 21 22
Tuberculosis m 178 289
Other spectfic inflammations 16 16 32
“on specific inflammatjons 162 129 291
Mal t 1vmphogr Al 26 14 10
Other malignant 1ymphomas 30 22 52
Metastatic tumours 74 66 140

DISCUSSION

The investigation was hased on a series selected on histological basis
alone, and from a patient population chnically unsuspected of toxo
plasmosis The results show a definite correlation between the “toxo
plasmic™ histological changes n the Jymph gland and high titres m
toxoplasma serotests The titres i our series are defimtely higher than
those 1n a control series with corresponding age distribution Gronroos
(1955) compiled data from such a series n Finland, and hus results
obtained from the control group of healthy young adults show that sera
with positive CF-titers are obtamed 1 13 3 per cent and scra with DT
titers above 1256 1 22 7 per cent Turthermore, the examples indicated
i Iig 10 show that 1n at least a large proportion of cases mn the present
scries, a rapid iperease m the titres followed the first symptoms leading
to biopsy, folloned by a relatively stow decrease m the values This
might be considered as (vidence for a recent toxoplasma infection Ac-
cordingly, although we have not as yet isolated the micro-organisms
from the lymph nodes, we are melmed to feel that in most, if not m all
of our cases, a true acquired tovoplasmiy was the cause of the sto-
togical changes Thus the histological prcture s diagnostic 3t Jeast 1n
the same degree as in some other speeific infections, e g tuberculosis

As regards the differential diagnosis, some fem 1wrhs gre neccssary,
although 1n the man we should refer to our carlier discussion (.Sarl'yn
& Sarén 1959) The histological characteristies presented above (large
epitheloid-lihe cells, pseudogranulomas, abundance of nuclcar dehiris,
hyperplasia of the Flemmng's centres, fibrin ete ) are all rather
common Seatuses w wflammatory reactions of the [ymph nodes Ho\l\-
ever, when one keeps to all the critenia presented, the dngnoslz scems to
be possible even it the absence of nucrocysts and the pa S -positnve
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THE DEPARTMF\T OF OTOLARY \GOLOGY AAD THE DEPARTHENT OF PHYSIO
LOGICAL CRFMISTRY UNIVERSITY OF JUND TUVD SWFDF\

CHEMICAL AND SEROLOGICAL
ANALYSIS OF ANTIGEN PREPARATIONS FROM
STAPHYLOCOCCUS AUREUS

A Comparison Belween the Products Obltatned by Verwey s and
Jensen s Techniques

By
TrORVALD LorkiisT and Jous Ssoquisr?
Recenved 4v62

In 1940 Verwey (1) descrihed a method for preparation of antigens
from staphylococel Usmg a stran of type A as described by Julanelle
& Wieghard (2) Verwev prepared five different fractions, one of
which (fraction B) was a type specific antigen of a protein nature
To the present time, no further reports concerming the chemical or
serological nature of this antigen have appeared

Jensen carried out an analysis of staphylococcal antigens in 1959
13 1) and found three common antigens for coagulase posttne strains
An extensive study made of one of these antigens (antigen A) indicated
that 1t was present 1n large amounts m a Cowan type I strain By the use
of gel p i technique antibodies against this antigen were gene-
rally found n pormal human sera Studies by Jensen suggested the
antigen was a previously unhnown polysaccharide

The present studies swere undertaken to characferize more fully the
chemieal nature of the antigen described by Jensen A comparatine
Sudy between Jensen s antigen and an antigen sample ptepared from

the same bactersal stramn by Verwey s techmque (fraction B} 1s also
reporied

MATERIAL AND METHODS

Strain A staphyJococcal strain 1ype Cowan 1 phage tspe 52 and §9 32

1 atine Test Dulutson (RTD) and 100 times RTD resnectiels rieh on snusmen s
! Present Adiress Diviston of Biochemistry ¥

e I Ay | stry Mass Inst of Technology Cam
We wish to acknowledge our indehtn ce s - .
{ Bactersology Unversity of L

at our divpuaal and for consiruc

quist The Institute of Bacleriol !
chndgit

. - .
. . '

L~ 3



294

Saxen F Saxen L & Gronroos P Glandular toxoplasmosis A report of 23
histologically  diagnosed cases Acta path et microbiol scandinay 4%
319 328 1958

Sim J Chr  Fpidemiological aspects of toxoplasmosis Summary of commum
cations 6th Internat Congress uf l’cdxamcs Zurich p 365 1950

Sum J Chr  Toxopl di Actiolodishe og klinishe
studier 184 pp “Munhksgaard Knpenhngcn 1961
Stansfeld A G The histological d of toxopl lymphademitis J

Clin Pathol 7% 565 573 1961



297

Serolog cal methods Titration experyments and tests iu connection with electro
phoresss of antigen preparations were carmied out by precipitalion in gel using a
2 per cent agar (Remnagar Behringwerhe) buffered with sodjum veronal (ionic
strength—005 pH 82) VMelted agar gel (25 ml) was poured onta a microscope
slide (76 X2 6 cm) and ymmediateh enclosed m a humid chamber at room tempe
rature After the gel had set a sectanglar through (45 X 01em) was cut out 1
the muddle of the agar Two rows of circular basins {diameter 02 ¢m) were made
on both sides of the trough at a distance of 03 em from it Antiserum (30 A1) was
added to the trough and 51 of the antigen sample was pipetted 10to each of the
basins (Titrating antiserum 30 41 of an antrgen solution was added to the trough
and 5 41 of the antiserum to the basins) After incubation m the hurmd chamber
for ™1 hours the agar slides Were eluted 1 saline for ane day and washed in distilled
water for one to two hours Afterwards they were covered with filter paper and
dried at room temperature overmight Subsequently the shides were staned m a
sotion of Amdo Black {Amdo Mack 1IBBT3 g slamal acehic sod 10 ™! vhansl
1230 ml dishilled water 3850 ml) for ten miputes after which the excess dve was
¢ nsed off 10 a bath of the { llowing composition glacsal acetic actd 10 m! ethanol
1250 ml dntilled water 3850 m1  In experiments for reaction of identity the agar
fifus on techaique descrshed by Quchterfong (7) was used with the moditication
that 2 per cent agar shides of 76 X 26 cm with circular basins of 02 em filled up
w th 5 al of reactants were used Confirmatory examinations 1o this respect Were per
formed according to the method of Walsworth (8) using matrix apertures at the
agar surface of 02 cm loaded with 30 #1 of reactants The agar shides used 1o the
txo methods for Teaction of ideatits were stained 50 a sumlar manner as des
or bed above

in {ubes was p e for sub: chemrcal analysis of the

L woav  ee e tea for chemcal analvsis and the super
natants tested for exeess of antibodies agamst antigen & Controls (negative) mere
performed using a sample prepared by Jensen's method from a stramm lacking ap

tigen 4 Th
s‘lnl:“ W s strain was obtained from Dr hlaus Jensen and designated by hum as

Chemucal methods Protein was defermn 4% 1 =
T the Waldell (10) method Prep
acids by paper chromatography o t
v I)submdﬂ N HCL tor 24 hours Tt
gram by d pping 30 00% per cent L. 11 acetone (113 foll
MR TREY S ot o nagerms ot VI, ollowed by arvme

on ®ith cysteme and
ent and disappearance
the anthrene reaction

. 5 b @ us€ dld niannose as standards hexasam n

Fxaminstions of purines and pvr midine.

Eraphs 1n 1so propanol

1N HCT &t 100° € for 1 and 21 hours ooty e Samples Inaralyzed with

by means of a 1l

used a5 controls
entens antigen A preparat

0 e A .ns 31‘12n was d gested with trypsin (N\oro Copenhagen)
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was obtaindd through the hindness o I

Dt out thene m:,“”“‘mm f Dr Klaus Jensen Copenhagen and was used
Cultwalion technigue The organistns were rrown on agar plates (diameter 13 em)

of the following compasition 1 liter of tap water 5 & of meat extract! 3 g of NaCl

2g of Na HPQ, 2H20 1¢ of glucose 10 ¢ of peptone 11 # of agar, pll 78 —The bhac

terra wore harvestad after 18 hours' growth at 37° € Afterwards thes were washed

three timies an saline before the frictionation procedurcs

I ractionation Hethods

1 Antigen Fractionation as Deseribod by R Jensen

Somc portions of purticd antigen prcparation were courteousls suppled by Dr
Jensen and used for comparative experiments

In our praduction of purified antigen Jensen s technique was followed 1n all cssen
trals Washed hacteria from 100 apar plates were suspended 1n 500 mi of phosphate
buffer (9 parts 1/15 \URHAPOy + 1 part 1715 M N12HPO; pH 5 9) and boiled far 1 hour
followcd by rapid cooling to + 4° € and centrifugation at 1000 < g for 3 hours at +
4°0 (Subnequient ccntrifugations swere alwats performed at 1000 x ¢ and +4°C) The
supernatant was adyusted to pH 3 0 wath 01 N HCI and the preapitate formed was
ramoved by eentnfugation for 1 hour and suspended 1n phasphate buffer pH 59
To the clear solution was added ethanol to a final concentration of 70 per cent and
the resullant precipitate was spun down and dissolved 1n phosphate buffer pH 59
Trichloroacetic acid was then added to a final concentration af 2 per cent and the
precipitate was collected by centrifugation and agan dissolved i phasphate huffer
Subsequently the antigen was preapitated by adding ethanol to a concentration of
70 per cent and collected by centmafugation The precipitate was dissolved in phos
phate buffer and rcprecspitated by ethanol The ethanol precipitation step was then
repeated three times The final precipitate was dissohved 1n distilled water and dia
Iyzed agamnst distilled water for 2 days The solution was afterwards Ivophilized
and stored at —20° ¢ The product obtamned 15 referred to as Jensens antigen 4

preparation

B Preparative I lectrophoresis of Jetisen s Anligen A Preparation

The final antigen A preparation obtained by Jensen’s method (150 mg) was dis
solved 1n 1 ml of 005V (\H)~CO; pH89 and applicd to a Pevihon hloch~ 40 X
85 X 05cm for clectrophoresis 1n 005 S (NHy)2C0g pH 89 (5) The electrophoresis
was run for 24 hours with a voltage setting of 300 V (40mA) Pieces of Pevikon
1 em sn width were cut out perpendicular to the length of the block and each piece
was eluted with distilled water The extracts were read at 200 and 280 ma and tested

for scrologieal activats an gel

C Antigen I ractionation as Described by Veruwy

Following Verwes s preparation scheme the washed bacteria from 108 agar plates
werc disintegrated in a Ifughes press (€3 without abrassse at —40°{ The desrupted
cells were suspended 10 500 ml of distitled water and centrrfuged far 1 hour at +
4° C and 100000 X g The dear supernatant was adjusted to pH 35 with 01 N\ HCL
and the precipitate formed was spun down for 1 hour at +4° ¢ and 1000 X &
Irichloroacetic acid (50 pcr cent) was added to the supernatant to a final concen
tration of 125 pcr cent and the resultant preeipatate was collected by centrifugation
for 1 hour at + 4°C and 1000 X g and dissolved 1n distilled water The solution
was then adjasted to pH 75 with 81 N\ \aOH and dialvzed against distilled woter
for two davs A shight flccculation appeared during dialysis which was remoyved
by centrifugation at 100000 X g The supcrnatant was Ivophilized and kept at
_"90° ¢ This fraction corresponds 1o the antigen protern( fracticn B) accordmng t2

Verwer

Sera Serum from onc of the authors (1 1) was used as antiscrum unless other
wise stated Merthiolate (1 10000) was added to the scrum as preservative

- « t -F ~e Sueden
nr
: ;xlml‘f,:."c“slms solsviny Ichloride manu
Coed m Sweden

factured by Stockho
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" A prepared by Jensen (I) and that pre-
Reaction of 1dentity” between the antigen ed b Jensen (1) and that ¥
1) S—serum TL A modified Ouchterlony techiq
pared by s () {see text)

M/C 400 450 500 S0 gon
wavelength (mu)
Fig 3

barhituric aod assay (15) was less than 015 per cent Hexosamines
were less than 05 per cent whereas hexuronic acids could not be de-
tected

For further charactenzation preaipitation of the antigen with anti-
serum was carricd out in tubes with an excess of antihods (Bt nrecima.
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Tant gen preparat on
( Mrucle ¢ acd

26 240 20 20 300
wavelength (myu)
Fiq

U spectram of Jensen s antigen preparation 1n an aqueous solution The spectrum
for a solution of nucleie acids 1 shown for comparison

RESULTS
Characterizafion of the Product after Fraclionalion by Jensen’s Method

An antigen sample supplied by Dr Klaus Jensen gae a titer of 1 16
Vs antiserum (T L) using the agar gel precimtation techmique des-
cribed above starting from a concentration of 10 mgfinl The protein
content of this sample was approxmately 30 per cent whereas the
hexose content was 4 per cent Ultra violet spectrum of the product
dissolved m water (Fig 1) showed a strong ahsorption at 260 mg,
suggestmg a Ingh content of nucleic acids These lindings do not con-
firm Jensen’s suggestion that antigen A 1s o polysaccharide (1) The
product prepared in our laboratory using Jensen’s procedure contamed
60 per cent protemn and 2 per cent hexeses The ultra-violet spectrum
was identical wath that for the sample obtamned from Jensen The titer
of our preparation with the antiserum was 1 32 using a primar} con-
centration of 10 mg ml Our samplie also showed "reiction of identity
with Jensen's product as can be seen 1n Fig 2 Tlus figure also shows
the same heavy precipitate zone as scen in Jensen’s pictures (4) Com-
menting on this feature of the precipitates Oeding (17) suggested the
possibility of two or more separate systems bang present

To obtain more delailed information ahbout the carbohydrate compo
sitton of the antigen preparation, Dische s general ey stemne-sulfurie acid
reaction was carried ouf Fig 3 gues the results of this expernment
(for detail, sce legend to the figure) These curves show that the only
cliss af saccharides present was pentoses, which yreld a mrximum at
390 mu n thus reaction, wlich disappears upon the addibion of water

The siahic acid conlent caleulated from cqualion 2 in Warren < thio-
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Fig 5
1V spectrum of the antigen preparation before and after purif cation by electro
ptares s on Pevikon bloch.

Further Punification of the Antigen Preparatton

Antigen A mugrated slowly towards the anode in clectrophoresis at
pH 8 9 on a Peuikon block Fig 5 guves the ulfra violet absorption curte
for the antigen actne fraction recovered aiter electrophoresis For com
parison a spectrum of an antigen preparation recorded prior to elec
trophoresss 15 ncluded Clearls the antigen preparation has been freed
from most of its nucleic acid contamiants A negative finding for purt
nes and pyrimidines on paper chromatographty of a huvdrolysate ven
fied this results In addition an examunation of the purified sample
using Dischic s general cysteme sulfuric acid reaction indicated the ab
sence of any sugar moieties Paper chromatographs for amno acids of
an acid hydrolvsate showed most of the amno acids ordmaniv found
n natural proteins

Antihodies aganst the purified antigen prepatation were found in
all 22 of the normal human sera tested by agar gel precipitation “Reae
tion of identity  between the sample punfied by electrophoresis and the
one obtamned from h Jensen 1s shown mn Fig 6 The figure also shows
that the preprations contain more than one antigen

Relationsp between the Products Obtatned by V erwey s and Jensen s
Vethods

‘The anligen preparabion fractionated by \erw ev s method gave pre
cytation i gel with the antiserum (TL) used sn the precipitation
studies for Jensen s antigen sample Furthermore the antigen frachon
1V erwev) was precipitated by all 25 normal human sera te:ted n agar

.
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for hexoses, hexosamines and sialic acids The figures given 1n Table 1,

c(pr:’ssred as percentage of protem content, seem to be too low to on

gmafe from a pofysacchande anGigen Probably they represent part of

the antibody (18) . > mee
TABLE 1

Analysis of the {ntigen-dntibody Precipitates Figures for Carbohydrates Frpressed
as Percentages of the Protesn Confent

Protelmmmg | Slicacdsin®s | HMexovamunesin® | Hesoseern?y
4384 14 28 72
0568 10 35 71

1 e

¥ anugen p o suon
55 gamma g obuba {rumany
111 an gen anebody precpra e

39

79 2 W B0 zy M B
mavelen, B Imy

Fig 5
UV spectrum of solutions of the antigen A antibody precipitate the antigen A pre
paration and hutpan gamma globulin

Lxamnation of a hydrolysate of the anhgen-antibody precipiiate by
paper chromatography resealed ne nucleie acids Recordings of the UV
spectrum after dissolving the antigen antibody precipitates were also
taken The precipitates were dissolved in 01N NaOH and subsequentfy
neutrahized with 6 1 N HCI before didution with saline Fig 4 shows the
result of this experiment For comparysont the curves for the anbigen
preparation and for a normal human gamma glohuhn preparation are
ncluded Obsiously, the curie of the anhgen antibody preciptate 15
of the same character as that of the gamma globubn Thus, the maxi-
mum at 260 myu which 15 characterishie for the crude antigen prepari-
tion disappears durng formation of the precipitate Hence these find-
antigen from being of a nucleic acyd nature Further-
more, analyss of the precipitates by Dische’s general €3 steme sulfuric
aeid method did not gne the positine pentose reaction <hown for the
antigen sample tself Thus, all of the anafsses perfortited on this pre-
paration suggest its antigenie nature to he pnmanly 2 property of the
protemn content This 15 further confirmed by the Joss of preaipitalnhiy

with antiserum after tryptic digestion

mngs preclude the
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Fig 5
LV spectrum of the antigen preparalion before and after purification by electro
ptorests on Pewikon block

Further Punification of the Anhgen Preparation

Antigen A migrated slowly towards the anode in electrophoresss at
pH 89 on a Pevikon block Fig 5 guves the ultra violet absorption curve
for the antigen active fraction recovered after electrophoresis For com-
parison, a speetrum of an antigen preparation recorded prior o elec-
trophoresis 1s included Clearly the antigen preparation has been freed
from most of its nucleic acid contaminants A negative finding for puri-
nes and pyrimidines on paper chromatography of a hydrolysate veri-
fied this resulls In additton, an examination of the punfied sample
using Dische’s general cystemne sulfuric acid reaction indicated the ab-
sence of any sugar moieties Paper chromatography for amino acids of
an acud hydrolysate showed most of the amna acids ordmanly found
n natural proteins

Antibodies agamst the punfied antigen preparation were found
all 25 of the normal human sera tested by agar gel precipitation “Reac
tion of 1dentity’ between the sample purthied by electrophoresis and the
one obtained from K Jensen 1s shown i Fig 6 The figure also shows
that the preparations contamn more than one antigen

Relationship between the Products Oblained by Verwey’s and Jensen’s
Vethods

‘The anuigen preparation fractionated by Verwey’s method gave Ppre-
cipitation 1n gel with the antiserum (TL) used yn the precipitation
studies for Jensen s antigen sample Furthermore, the antigen fraction
{Yerwey ) was preciprtated by all 25 normal human sera tested 1n agar

——
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Fig 6
“Reaction of mdentity” between the antigen sample purified by electrophoresis (I)
and the antigen A prepared by Jensen (I} S—=serum TL Wadsworth's techmque

‘ S

®

()
I

Fig 7
‘ Reaction of wdcntity * between the protein fraction of Verwes (I) and the antigen A
prepared by Jensen (I1) S==serum TL Wadsworth’s technique

II

gel Asshownn I'ig 7 this antigen fraction also gave “reaction of 1den-
tity” wath the sample recened from Jensen Beside this finding 1t 1s
obvious that both preparations contain more than one precipitable an-
tigen, although this 1s most pronounced 1n the fraction obtained with
Verwey's method

No chemrcal analysis of the Verwey antigen preparation has been
performed 1n this study Verwey (1) has characterized the antigen frac-
tion as beng of a protein nature Thus, the substance gave a strongly
posittve hret reaction but a weak reaction for saccharides (Molisch
test) Furthermore, 1t contaimned about 14 per cent nitrogen and less
than 0 1 per cent phosphorous Pentoses were not detectable The anti
genic properties were destroyed by tryphic digestion These results are
1n agreement with ours for the electrophoretically purtficd antigen A-

preparation
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DISCUSSION

Jensen s finding of antibodses 1 normal human sera aganst an an-
tigen {antigen A) present mn the majority (75 per cent) of § aureus
strams 1s of considerable mterest (3, 4) Jensen has suggested that the
antigen 1s a polysaccharide The investigations m our laboratory do not
confirm this A further purification of Jensen’s antigen A-preparation
has been carried out by electrophoresis Thereafter, analysis of the so-
lution containing antigen A ndicated the antigen hemng primarily com-
posed of protein Jensen s chservation that the antigen product gave a
negative biuret reaction 1s difficult to esplam, on the other hand the
positive carbazole reaction he obtamed was probably due to the pen-
toses of the nucletc acids present 1 his preparations Analysis of the

punfied by el phorests did not show any nucleic acids
or sacchanides Thus pentoses or other carbohydrates could not be de-
tected by Disches general cysteme-sulfuric acid reaction, nor could
punnes and pyrinud be found by ch phy of a hydrolysate
The disappearance of the ultra violet absorption peak at 260 mp points
in the same direction Chemical examnation of the antigen antibody
precipitates confirmed these results All of the analyses performed here
suggest the protein content 15 the essential factor for the antigemicity
This suggestion 1s further supported by the disappearance of the pre-
capitin reaction after trsphic digestion

Very little chemical work has been done on the protein antigens of
S aureus One of the methods for preparation of protemn antigens from
these bacteria 1s that of Verwey (1} The finding that Jensen s antigen
A probabiv of a protemn nature suggested further experiments to find
outf any serological similarities existed between antigen A and a pro-
ten antigen fraction prepared by the Verwey method from a strain rich
mantigen A In Verwey s method an extract of crushed bactersa 1s pre
cipitated at pH 3 o and the fraction 1s found 1n the supernatant By con
trast Jensen s antigen A 1s precipitated when the extract of the boiled
bacteria w adjusted to pH 30 Though the two methods dfer com
Dletefy 1 thus respect, serologically 1dentical antigens can be demon
e e s gt U ne e

protein antigens Actually, antigen pre

barations obtained from extracts of disintegrated frozen bacteria show
4 gredler number of antigens by agar gel precipitation (Fig 7) Asa
‘\l:::‘:nurk regarding the (pattial) serological sumilarity hetween
s protein fraction type speeific for Juhanelle s type A strans
It ot e A retartion Copns et (19) e
stic staphylococer he found that 83 per

«ent of the strans helonged to Julianelle’s lype A, a figure of ahout {)h
::I:\c order as that of Jensen for the oceurrence of antigen Ain § nureui

The results guen m this seport encouraged us to carry out further
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cxperiments to purify the antigens of § aureus These results will be
published elsewhere

co!
th

[ I

—- e o«

@ e

SUMMARY

The antigen A from Staphylococcus aurens deseribed by h Jensen
ntauns protein and 1s serologieally 1dentical to an antigen found in
¢ protem fraction (fraction B) descrihed by Verwey
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STUDIES ON IMMUNOLOGICAL TOLERANCE
TO LCM VIRUS
A Preluminary Report on Adoptwe Immunzation of Virus Carrier Muice

By
MoGENS VOLKERT
Recerved 16v 62

Except for certain tumor viruses, the only experumental evidence
published hitherto which could mdicate acquired 1 to
lerance to a self repheating agent consists of reports concerning the
urus of lymphoeytic choromenmngitis (LCM) More than twenty
years ago Trgub (9) reported that il mice were mnfected with this
vinss intra utero or shortly after burth they deseloped a hfelong,
symptomless, virus carrier state However, if mature mice were mfected
the mnfection would run a normal course, ending in exther the death of
the animal or recovery and clearance from the organs of any delect-
able virus Further reports from Traub and others {10, 11, 12, 2, 4,
13) have deseribed in more detail the LCM sirus infections imtiated
mn both mature and premature mice The conclusion of all the reports
seems to be that at least one mnportant enterion for considering the
non-responsine hifelong LCM virus carrier state to be due to tolerance
s fullilled, piz that the non-responsive LCM virus infection can be
brought about by premature exposure of the ammals to the virus
However, a tolerance state 15 charactenized not only by the fact that
it ean be brought about by premature exposure of the ammal o an
anbigen, hut that tolerance can also be terminated by adoptive immuni-
2ation,1e by injecting the tolerant animal with spleen and Iymph node
cells fram normal, or exen better, immune anymals Experiments con-
cerming thas second cntenon for tolerance to the LCM vimus hane never
been reported and therefore until more has heen done 1o clanfy this

problem doubt still would prevail as 1o the role played by the tolerance
vhenomenon n the 1 CM wirus mfection

The question whether an mmmunologieal tolerance to
dereloped 13 of more than theoretieal interest Firsthy
state to one virus really cxists, this would pont to l-
tolerance 1o other siruses \s 1t cannot be excluded thal

The nuthor f3 indebted to r # Traub (Tubin,
gen Germany ) who h, -
Wed the 1 CM sirus gtrain and 1o Wiss B Hejer for skilled lec)hnkl:l ::stll‘:i]t’e prov

avirus can be
. if a tolerance
he possibility of
t:n certain virus

&
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mfections an excessive reaction of the host agunst the virus s the
direct cause of death (Rowe (8)), desclopment of a tolerant state o
these viruses might perhaps be onc of the protective mechanisms of
the organism against the harmful effect of the mnfection (3) Sccondls,
1f avirus carrier state des elopes because of the non-responsiveness of the
toleran! antmals, then by titeatg the virus i the blood and the organs,
a4 new posstility will exist for measuring the effeet of certam proce
dures which wflucnce the tolerance state Animals tolerant (o a sirus
mght therefore be valuable for immunological studies

For these reasons, the question of tolerance to viruses was tahen up
and the LCM virus carrier state 1 mice chosen as the first object of
study It 15 the purpose of this article to describe the prelumnary r
sults of adoptive immunization experiments on LCM virus carrier mice

MATERIAT AND MITHODS

The LO pirus strain used throughout was provided by dr Traub In this labora
tory the virus was passed twice in white mice of ordinary Jaboratory stoch and then
tywice 1n AhA mice Subsequently the virus was passed exclusnelv in AhA nrce when

necessary
The miee used as LCM virus carriers and as donors were all from the same highly

inbred strain of ARA mice These emplaved for virus titrations were all from the
Institute < stock of ordinary white mice At the time of use their weight was between

12 and 14 grammes
The verus titratron endponts were caleulated according to the method of Reed and

Muench (7) and all titrations were carried out by intraccrebral inoculations kot
practical purposes onlv whole logarithmic values are used in the figures Fach of
these was reached uther by rounding up af the logarithmie decimal were hugher than
5 < by rounding down 1f thes were lower than 4

Cell suspcnstons for transplantaticn were mixtures of cclls from the spleen and
Iymph nodes The crgans were cut with serssors passed through a tissue siese
washed twyce with and finalls suspended 1n Hanks balanced salt solution cc ntaining
two per cent lactalbumin one pur cent glucose and tissue culture concentrations of
pemcillin and streptcmyein Dependent on size each donor mouse gave between 100
and 200 million cells and of thest rcughly about twe fifth were from the Ismph

nodes

FNPI RIMENTAL

Fffect of 1ransplantation of Spleen and I ymph Node Cells from Im
mune Mothcrs on the LCM Virus Carrter Slate of thewr Offspring

The virus carrier state in the mice was brought about 1 described
by Traub (9) by infccting the new born AKA babies with the TCM
virus In the present cxperiments the hiby nuce were noculwed with
i the first 18 hours after birth 1 ach baby recenved a 103 LD 50 dose
of virus intrapeniteneaily 1 volume of ¢ 05 ml In order to excludc
ans other anbigens than the virus antigen viruses prssed m AhA mace
were used throughout Within the first 2-3 wedhs aftcr the virns
noculation, tbout 245 per cent of the babics died but the rest becamic
virus carrers When used the mice werc bout three monlhlold and
were healthy Jooking but all had 2 virus titer in thar bleod 510

The mothers of the virus e3rricr babics were chosen s donors Traub
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has shown that virus carrier babes excrete large amounts of virus and
infect their mothers Usually such infections would run a symplomless
course and end m solid immumty The present experiments seem fo
confirm fhis No clinteal symploms of disease were seen amonyg the
mothers of the mfccted habies, but a group selected at random aboul
three months after the habies were born showed complete immumty to
a challenge of 103 LD 50 doses of virus given intracerebrally Therefore,
the mothers of infected babies could be expected 1o be a good source
for the supply of immune cells In all cases the cells for transplantation
were taken from mothers about three monihs after they had ginen
hirth and about s1x weeks after the habies were taken away from them
Thus all donors would hate had a good chance of freeing themselves
from any virus which might inferfere with the transplantation results

Sixteen virus carrier mice were sclected at random before the expert-
ment The animals were bled from therr tails and a chech made on the
varus titer i the blood of each mouse As seen from Figure 1, A and B,
all 16 miee had a svirus hiter in the blood = 10*

The mice were then divided into groups with erght animals n each
The first group served as control and these mice recenved no treatment
Mice n the second group were injected with spleen and lymph node
cells from the donors All transplantations were carnied out on the same
day with cells from the same pool The cell suspensions were given 1n-
trasenously and all of the mice 1n 1his group recenved 100 X 10° cells
n a total volume of 1 5 m! As 1t was feared, as mentioned above, that
the possible presence of virus in the transplanted cell suspension might
interfere with the transplantation resulls, the cell pools used were
tested for virus However, no trace of virus was found

Two weeks after the ransplantation five mice 1n the control and fine
n the transplanted group were bled from thewr tails and the hlood
tested mdividually for virus The findings are recorded in Figure 2,
A and B and show that whereas the titers for the control mice n gll
cases were, as hefore = 197, one of the transpl
of 10t and another 2 titer even less planted group had & tter

Four weeks after the transplantation all of the mice 1n both groups
were bled from their tails and the blood tested yndip dually for virus
As Wil be seen from the data given in Figure 3, A and B, the.
for the control mice were as before = 10° e s liters
he trwsplanted group four o \"l">h oy case Homever, in
than 10" 3 ouk o8 the aEMt mice had hiters lower

“x weehs affer the transplantation all of the muce n both groups
were hilled and full Gitration of the sirus 1n hoth blood and :
carried owt for cach mouse smdnidually The results are ," Splcgn

Bures 4 and 5, A and B The data presented show that cng ‘I“; i

ton revented @ virus tler m the blood of 101100 for a1l of the ca b

m the controt group, whereas thos £ all of the amimals
. ¢ 1n the transptanted group had

only of 10° ot less A regards the wirus tnr}[ oo g mals

ent of the spleen, the
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mfeetions 1n cxeessive renction of the host agunst the virus 1s the
direct cause of deth (Rowe (8)), devdlopment of 2 tolerint state to
these viruses mught perhaps be one of the protective mechinisms of
the organism agunst the barmful cffect of the mfeetion {1) Sccondly
f 1virus earrier state dey dopes beeanse of the non responsneness of the
tolerant ymimals then by titrating the virus in the blood and the orgms
v new possibihiy will exist for measuring the ¢ ffeet of ecrtun proce
dures which mflucnee the lolcrinee state Animals tolerant to 2 virus
might therefore be valuable for mmmunolagical studtes

Far these rcwsons the question of tolcrinee to viruses was taken up
and the TCM varus carrier state i mice chosen as the first object of
study It 15 the purpose of this article to deserihe the preimmary n
sults of adoptin e immunization experiments on I CM s1rus earrier mice

MATERIAL AND MITHODS

The LOM 1irus stran usel through ut was provided Ty dr Trawb In th s lalora
tory the virus was ta ed twice in white mice  { ordsnary lal rators st ch ani then
twice in ARA mice Sul sequently the virus was passed excl s inelv m ARA m ce when
necessary

The muce usel as 1M virus carriers an as d nors were all from (1 ¢ same highhy
ini red strain of AKA mice Thosc cmplovel fcr virus titratrons were all from the
Institute s stock of or linars white mrce At the time of use therr neight was Petnen
12 and 14 grammes

The tarus titratior en 1y oints were caletlate § accor 1iny, to the met o1 of Reelanl
M ench (7) ani all titrations werc earre! out 1y intracerel ral noculat ns Yor
1ractical Jurjoses only whole logarithmic sal ses are usel mn the figures Fach of
these was reached esther by rounding up if the 1 garithmie decimal were hugher than
5 by roundimg & wn if they were lov er than 4

€ 1 susp nsions for transplantation were mixture of cells from the sileen anl
Iymnth noles The orpans were ¢ 1t with sciss ¢ pa el thr tgh a tis e sive
washe 1 twice with an 1 finally suy en fed i Hant s balance { salt solufi n ¢ ntann g
two per cent lactall umin one fcr cent gluco ¢ ani tissue cultire ¢ acentrations of
pemecillin and stref tomvan Deten lent on size ¢ach donor mouse gave ! etween 100
ani 60 million cells and of the « r ughls al o1t two fifth were fr m the 1 mph

nodes

FAET RIMINTAL

Tffeet of Transplantation of Splecn and I ymph Node Cells from Im
mutne Mothers on the I CM Virus Carricr State of therr Offspring

The virus careter stile mn the mice was brought about 1s deseribed
by Trawb (9) by mfecting the new bern ARA babres with the 1CM
vieus In the present expertments the baby mice were moculitcd with
1n the firsf 18 hours after bieth I aclt by reccnned @ 103 1D 50 dose
of virus wtrperitonealls i« velume of 005 m! In ordcr to exclude
wny other nhigens thin the virus tigen virpses pwsed i AhA mice

were uscd throughout Wathin the first 23 weehs after the virus

mocul ition  1bout 2% per cent of the babics died but the rost beeame

wiras earners W hen used the nuee werc thout threc nmn(hs_old and

were healths Teoking but all had vsirus titer in therr blood = 10
The mothers of the virus e wreer babies were chosen 95 donors Traub
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difference between the control and the transplanted group was even
more strihing  As regards the mice in the control group the spleen sus
pension showed 1n afl enses virus biters 10 but as regards the muce 1n
the group n which transplantation had been made none had titers
higher than 101 three out of the exght mice 1n this group had spleen
titers helow 10°

CONCLUSION AND SUVMMARY

Acquired immunologieal tolerance (1 5 6) 1s not an all or nothing
phenomenon but exists i every degree It cannot be distinguished
clearly from other types of non responsnencss and nterpretation of
the phenomenon 1s still pure guessworh For these reasons 1t1s not et
easy 10 prove that am observed immunological non responsiencss o
eg awvirusis caused by the 1 i state d d tol.

As mentioned m the introduction Traub and others have shown that
one eriterion 1s fulfilled for considering the non responsnve hifelong
LCM virus carnier state in mice to be due to the tolerance phenomenon
The experiments deseribed 1n this paper show that transplantation of
immunological competent cells to LCM virus carrier AhA mice causes
the virus titers n the bloed and the spleen of the recipients to decrease
In a few cases even a total clearance of the virus carriers of their virus
seems to have heen almost achieved

Exen hughly unmune mice have never more than traces of antibodies
to the I CM virus m the blood (3 8) Moreover the cells used in our
expeniment had been washed twice hefore they were transplanted For
these reasons 1t seems unlhihely that the effect on the virus could be
caused by antibodies transferred together with the cells The slowly
1rogressine decrease of the virus titer through six weeks points to an
wtimaty of lining cells and in some ways our preliminary resulls are
sumlar to what 1s seen when adoptive immunization 1s used to term)
nate 1 tolerance state to tissue transilants Thus the data presented
here might indicate that also a second important criterion can be ful
filled for conuidering the LCM sirus carrier stade in mice to he due to
lolerinee and thercfcre they suj port the assumphion that tolerance to
the TCM virus does exast

In addition our ats ruations indieate the possibility of effecting a

Cl:l;l lnf 7 sirus carrier state 1n ammals by exj erimental procedures
- l‘z"‘ :{]ff-(-;r:‘:]“[:!::):s r;l'uc‘cl‘ls‘usvd n the exj eriments deseribed here
However exjeruments :: m( "‘HOI Cﬂ;“(‘ oy climical signs of drscase
that uln]ll\ln lmmumzllllnn L(Jr“ ‘* s o) oralory ndicate already

TS carrers w
awmp :nmlc“ ccurse The grafting of
e also Jrovoke a serous even fatal diseas
“‘“l"“n:\ which might suppest o run\hk(: "(‘h(:l";:clm;loc\:\l::?:‘ :r:::‘l
more data
diseussion '::"P'::"‘"'\:"I‘::‘:"“"‘r"‘"ﬂ this and the other problems further

il not alwavs run
genetie compatible Ivmford cells
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FROM THE VJRUS DFPARTMENT, MATIONAL INSTITUTF OF PUBLIC HEALTH,
0SLO NORWAY (HFAD O LAHELLF, Y D)

THE NORMAL SERUM COFACTOR IN THE
HAEMAGGLUTINATION INHIBITION OF INFLUENZA
A,VIRUS OF LOW ANTIBODY SENSITIVITY
BY EARLY CONVALESCENT FERRET SERUM

By
Aried Harsoe and Opb STRANDLE
Recenved 30y 62

Styh & af (18) found that a heal labile, normal serum factor was
necessary for the h tutination mhimtion (HI} of influenza Aa-
virus by serum from As-infected mice Later they reported (17) that
the cofactor was necessary only for the ihihition of Azvirus of low
avidity Neither was the cofactor necessary for the inhamfion by serum
from hyperimmunized mice After these papers Styk & al published
several others dealing with the cofactor discovered by them (3, 4, 11,
14,15, 16)

Harboe & Reennas 16) «xamined in the Hi-test heated serum samples
drawn from As-convalescent ferrets at different intervals after the 1n-
fection They found that when the test virus was of a high avidity,
or antibody sensitivity tas) as they suggested 1t might be called, the
titre peak was recorded several dass carlier than it would have been 1f
asirus of afow as was employed In a later mvestigation (5) a heat
lability of the early ferret serum antibocies snhibiting virus of a low
a5 was found In the present muiestigation 1t has been examined
whether the normal serum cofactor discovered by Sty & al 15 respat-

stbic for this labibty and some properties of the cofactor have been
studied

MATFRIALS AND WFTHODS

Viruses Influenzs A» <trains and an A, stram were empl
ployed references h

h('e\n ‘)\‘er" presiousty (5 6) Tho viruses Were grown embiryonated eggs s e

era The pormat [eeret or mouse sera were pooled from ey, ht
The sera were stored frozen ght or more animals

Tlarmagaluttnation inhibttion (H11) test This was

performed

COTNDE 1o & standard method (31 The treatment. of sone o o ' ThoHS Fates ue
W
(38 e
v g

The technical axayst: i
ciated b asptanice o0 Mrs # ¥ gelandsdal and Miss 4 Palmadoter was appre-

3u
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asat1 8 after the addition of the same volume of saline, whileat 1 6
with the diluted normal ferrel serum Simularly the titre of the antigen
of ighas was 8 with sahine only, and $ when the diluted mouse serum
was added

TABLE 1
Haema, h Test wnth Convalescent Sera from a Ferret Infected with
Azllapan{305/57 EFVF

. Treatoent of the comaglescent sera

ays

uE - o lera Al

noen 1 oc Treated withy choler Rltrate
fation None o one tur and heated at 56 € for one hour
Tested AN \nrmnl‘ ~ormal Normal Normal
A S ine Yorrer | mabmse. sotine | Yerrr | soouse | satine | Jerra momse
a |serum | serum serum | seru serum serum

0 <12 <12 <12 L6 <12 K12 <B(<1) <12 L12(<1)
1 212 212 212 £6 <12 <12 < 6(288) <12 <12(381)
21 L6 21 < 6(768) 24 12 (1152}
16 48 38 43 18 48 48 18 (768) 48 48(1152)
% 48 48 48 23 48 18 18 (38) 18 18 (768)

The sera had heen subjected #0 different hinds of pretreatment and the effect of these
treatments and of the addition of normal sera are showa Titres agamst A» virus of lo)
antibody sensitivty are outside the brackets while titres agawmst Ao vyrus of high antibody
sensitivity are snside

Table 1 shows that the addition of actine, normal mouse serum s of
practically no mmfluence on the 3z-antihody bitres recorded with the
virus of a high as (Neither was any influence seen in an analogous ex-~
periment with human comvalescent sera performed m an attempt to
merease the sensitinity of the diagnostic method)

With the virus of low s, however, the resulls are seen to be entirely
ifferent Here the addition of active, normal sera has gnen a distict
Ulre increase of the pretreated sera The relative increase appears to he
more pronounced wn the 11 days than in the later sera - As ymght be
expeeled, the addibion of these diluted, active, normal sera has not ex-
erted any distinet fluence on the titres of the active, convalescent
sera

Itss further noted (Table 1) that in tests with virus of Tow o s on

tetive scra, the course of the antihody development recorded 1s more
simfar, though stitl not 1dentical, to the course recorded with virys of
ahigh as, than 1s the course recorded with pretreated sera in the ab-
ence of active, normal sera This tendenes was regularly found sn the
seven anmals studied, and agrees with the resulls presented 1n Table 1
of a previous paper (3)

‘h:‘*‘:'h::rcivsn:cmrs mnf:rm the finding made by Styk & a1 (17, 18)

cofactor 1N normal, unheated serum which can restore
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Receptor destroying enzyme (RDF) This was vrepared from cholera filtrate
(Philips Duphar) by one cvele of absorption to fow! red cells and subsequent elution
Into calelum acetate saline buffer, pH 62 (2 8) The tire of the sem: punfied RDF
preparation was 10 times the titre of the oryginal crude cholera filtrate, the lest
virus was PR-§ (2, 8)

Trybsin Trvpure “Novo’ was employed It is a crystalline preparation which con
fains 25 Anson umits per g Immediatelt before use the enzyme was dissolyed 1n /15
phosphate buffer, pl 8 0

RESUITS

1 Reactwation of A:-Antibodies n Heated, Convalescent Serum by
Addion of Actwe, Normal Serum

In these experiments the HI-test was performed with sera from seven
ferrets which were convalescent from an Aznfection The sera were
subjecied either to heating at 56° C for one hour, or to treatment with
cholera filtrate according fo the standard method (19), this imolied
a final heating of the enzyme-treated at 56° C for one hour The sern
were drawn at different intervals afier the infection with Az virus,
which was performed by nfrasanal mstillation of tnfected egg allan-
toic fluid The strams were AJ/Japan/305/57 and A2/Singapore/1/57 The
scra were examined 1n the absence and presence of active, normal ferret
or mousc serum Test antigens were an egg line (E) and an egg-ferret-
mousc-egg line (CFME) of AxJapan/305/57, the former hine bemng of
low, the latter of high antibodv and normal-inhibitor sensitinity (6, 10)
The Hl-test was performed as follows To 0 25 ml of a serial 2-fold di-
lutien of the convalescent sera (actine or pretreated) was added 925
ml of active, normal ferret or mousc serum diluted 1 20, or of saline,
in all 3 parallel tests It was necessary to dilute the active, normal sera
n order to make their haemolg tic activity less disturbing in the Hi-est
This could also be achieved by performng the test at +4° C mnstead
of at room temperature At the low temperature, however, the haemag-
glutination mhibition was reduced so much that the virus of low anti-
body sensttisity regualarly failed to record any antihody activity m the
cholera treated sera, and it was therefore decided to perform these ex-
persments at room temperature (about 18° C) About ¥; hour after the
active, normal sera had been added, 0 25 ml of 05 per cent red cells
and immediately afterwards 025 ml of the virus suspension were ad
ded ~ Normal mhibitor actiaty made 1t impossible to exammne ferret
sera with the virus of high as, unless they had been treated with cho-
lera filtrate Normal mouse serum, however, 15 practically desowd of
Asinhubitors (8, 12) and could therefore he tested on cofactor aciniiy

The titres presented n Table 1 are representatne of the resulls oh
tamed with the seven ferrets The titres recorded in the table are the
primary serum dilnfrons whieh give partial hacmagglutination hubi-
tion Of the virus of low a s a fest antigen was emplosed which ‘f‘?( par-
tial hacmagglutination at the dilution 1 8 after addition of 025 ml of
the diluted mouse serum to the titration of agglutinating doses, as well
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sistant to an RDF treatment which heavily reduces the o mtubitor ac-

traty i the serum

TABLE 2

The Fffect of Treatment wnth Receptor Destroying En yme (RDE) on the Cofacior
and the Yormal Inhtbitors in Ferret Serum

Normal inhibiter bitre agamst

Treatment ol the cfttor |
orma serum e I weae | RETED
i | e | Plne
Incubation over mght at 37° &
P 62 with RDF 384 36 3% 576
Incubation with the buffer anly 184 384 1536 768
s

ane
ieating at 56° C for onc hour <6

3 The Effect of Treatment with Trypsin on the Cofacter and on the
a Inhibifor Actwily

The treatment with trypsin was performed by adding 4 volumes of
different dilutions of trypsin n huffer to 1 volume of actue, normal
ferret serum and heeping the mixtures at 37° € aver might After ths
treatment the routine absorption with 10 per cent fowl red cells at 0° C
was performed, exeept 1n the aliguots to be tested on haemagglutinating
hipuds, where absorption was not performed The determination of the
cofactor actinily was performed m essenhally the same way as in the
experiments above The titration of haemagglulinating serum hpds
Tleased by the trypsin treatment (7) was performed by adding 020
mi of a 05 per cent suspension of vaceinia positive fowl red cells (from
2 White Leghorn rooster) to 0 20 ml of a 2 fold dilution series of each

of the tripanized serum preparabions The resulis are presented mn
Table 3

1 The Effect of Absorption with an Av-Stratn on the Cofactor and on
the g [nlubitor Actinty

A pure cgg hine of the strain As Persian Gulf/2 32 1n the P phase was
cmploved The sirus material used far absorption was prepared by mgh
speed centnifugation 125 000 G) of infected ehich allantore fluid Nor-
mal mouse serum w1 treated with about 10 times the amount of \Irus
material necessary to remoyve the g inhubitor The serum-sirus mixfure
w1y hept for one hour at room temperature, and subsequently spun for
2hours a1 2,000 G at +4° C One volume of pached, fowl red cells was
added 10 % yolumes of the supesnitant, and the suspensian kept for 30
nunutes at 0 C before the cells were spun down Alter this (rcalmcr‘nl
which was the routwne snethod for the removal of haemagglutinins, th .
serum was no longer h wmagglufinating e
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the antibody actiaty aganst As-virus of low as , when this actiaty
has heen reduced by heating ~ In the following experiments the che-
mical nature of the cofactor was studied

2 The Effect of Trealment with RDE on the Cofactor and on the o
Inhubitor Actwily

One volume of normal ferret serum was incubated over mght at 37° C
with 5 volumes of semipurificd RDE Subsequently the cnzsnie was re-
moved {from the serum by absorbing 8 times with fow! red cells The
absorption was performed by adding 1 solume of pachked eells to 9 vo-
lumes of serum, 8 minutes later the cells were spun down and dis-
carded These procedures took place at 0°—1° C It was cheched that
the absorbed, RDI-treated sera failed to enhance the elution of virus
from the red cells

The Hl-tests m the followmg experiments were performed at +4°C
i order to reduce haemolysis by the unheated sera In an mtial test
the optimal dilution of the indicator serum (14) was determined This
serum consisted of a pool of cqual volumes of sertm samples drawn
from 35 ferrets 12 days after mtrasanal istiflation of one ml of A-Ja-
pan/305/57 LML infected, chick allantoie flmid The test antigen was
AdJnpan/305/57 B, & haemagglutinating doses were employed It sas
then found that the active indicator <erum gave the htration endpoint
(i e partial nhibition) at the primary serum dilution 1 72, while affer
heating at 56° C for one hour the endpoint was found at 1 12 When
the heated indicator serum was tested in the presense of active, normal
ferret serum diluted 1 20, the endpoint was at 1 96 This showed that
the heating had reduced the cofactor activty only, the speeifie Ar-anti-
body actiuity had not been imprured It was then decided to employ the
heated indicator serum at the dilution 1 30 1n the follow:ng titrations
of cofactor actinty

In these titrations were compared Untreated and RDE-treated serum
and also a control preparation consisting of the normal serum diluted
1 6 with the caloum acetate saline buffer and imeubated over might at
37° € In quantities of D25 ml the serial 2-fold dilubons of lhf‘ three
preparations were put up the plastic plates, subsequently 025 mi of
the diluted, heatcd indicator serum was added to each groove, and fm:ll_-
1y the same suspension of red cells and of test virus as above, also in 025
ml amounts The results are shown in Table 2 As regards the content
of cofactor no difference 1s scen between the RDIL-treated serum, the
puifer treated, and the untreated sera On the other hand, as regards
the normal inhibtor activity there 14 a pronounced difference betwcen
the former one and the latter two That RDL, and not tryplic 1"73 "““*‘-
had been .ctrse 1 the enzyme preparibion was cheched 1n a test n},‘n:_ns
a f-inhibitor sensiline Awstramn, which recorded no distinet differ-

nce The cxpersments therefore demonstrate that the cofactor 18 re-
er
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The cofactor appears to be entirely different from the « mtor in
serum The former 1s heat labile and resistant to RDE, the latter 1s heat
stable and sensitive to RDE (Tables 2 and 3) The nfluence of RDE on
the cofactor was not examuned by Siyh & Hana (15)

The cofactor was found to be destroyed by trypsin It 1s seen i Table
3, that when the trypsin concentration of the mixture 1s 064 or 032
per cent, no cofactor activity 1s left, the a-inhubitor activty 1s consider-
ably reduced, and the haemagglutinating lipids are actine At 016 per
cent, however, there 1s only a minor reduction of cofactor and a mhs
bitor actinty, and the haemagglutinatng lipids are still neutralized

The failure of the trypsin to destroy the cofactor in the expermments
of Styh & Hana (15) 1s puzzling Perhaps this failure 1s due to the tryp-
s inhibitors 1n the sera, these mmhibitors may have destroyed 2 low
potency of the trypsin preparation employed  Styh & Hana further
report (15) that when trybsinized sera are tested, 1t 1s not possible to
use the erythrocytes from any rooster, as cells from some of these are
agglutinated by trypsin even 1n high dilutions Their observation may
be explamned by the finding reported in a previous (7} and the present
paper, that the cells which were agglutinated to high dilutions by tryp
siuzed sera, were obtained from vaceima positive fow! This finding

3 that the h shown by trypsiminzed sera s
caused by normal serum liprds, whose anti haemagglutinating proteins
have been digested by the enzyme In unpublished experiments the au-

thors found that tms haemagglutmation can be destroyed when un-
treated serum 1s added

Hana & Styk found (4) that cofactor can he separated from Bun
fubMor by chromatography on DEAE cellulose That the cofactor 1s
different from the 8 inhihitor was confirmed in the present mvesh-
gation If was found that the ganhibitor could be remosed from serum
by abserplion with A: virus, while the cofactor remamed

SUMMARY

The heat lahile, normal serum cofactor necessa
glutination inhubition of influenza As virus of low
by carly comvalescent ferret serum was studied

The absence of cofactor was found to he partly responsible for the
decrease in the ratio between titres to Azvirus of high and of low apt;

body sensitnaty observed m heated f
3y 3 erret sera during the c
convaleseence * ourse of the

ry for the hacmag-
antibody sensitivity

The cofactor was resistant to RDE, and
a 3 sensitive to tr. |
the # whibiter was removed from the serum by absorpl)xg o l‘k‘l hen
wirus he cofactor remained ™ b A
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The titre of the eofactor before and after the serum had been treated
with the viruts, was deternned as above by means of early Arcomales-
cent ferret serum and A Japan/305'57 IT The Utres of the B-mhitor
were tested with the Arestrain The resulls are shown i Table 4

TABLY 3
The Fffect of Treatment unth Trppsin and of Healing on the Cofactor and the
a-Inhibitor 1n Ferret Serum The Release of Haemagglutinating Serum Iipuds by the
Trgpsin Treatmen! is also Shown

\ormat

‘Lecathient of the Cofctor | Inhubitar .Efxffcn e i
normal serum wdwan R | posithe fowl
[ el lee red el
Incubation over might at 37°C,
PH 80 with 064 7 trypsin <10 10 50 1800
with 032 €% trypsin < 10 40 80 6300
with 016 ¢4 trapin 40 120 6§10 < 100
with 008 % trypain 60 120 640 < 100
with 604 ¢z trypsain 60 160 640 < 100
With 002 € trvpan 80 160 640 < 100
with the buffer onls 80 160 960 < 100
None 80 160 640
Heating at 56° C for one hour <10 640 1920
TABLF §

The Fffect of Absorption with an 4y-Strain on the Cofactor and the S-Inkubitor
Youse Serum

l Narmal inhittor
Cafactor fitre agmnsd

Treatment of the narmat serum titre v, Pervtan Golf
22 Plhne
|
Alsarption with \/Persian Gulf/2 52 P line g:; <68
None
Heating at 56° € for onc honr <5 <5

DISCUSSNION

The resulls of the prosent mvestigation confirm the obseryation n
Styh & al (17, 18) of the exastence of a heal Labile, normal serum co
factor active in Hi-tests with Axvirus of a low a« It was found (Table
1) that destruction of the cofactor 1s partly responsible for the do;
creasmg ratio hetween titres recorded with virus of lugh and virus o
low a s, when serum samples drawn during the course of the convales-
conce are tested after haating, and an pactreular afler treatment widh
holera fltrale followed by heating 5, 6)  A\lsom the ach\vc sera ll;ls
ratio was found 1o decrease, though here loss marhedly W hvlhc;-ll 1]0
decrease nught be ehmumated Hf 1 great exeess af cofactor was added,
could not be tested hecatse of haemolysis
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The cofactor appears to be entirely different from the « mmter n
serum The former 1s heat labile and resistant to RDE, the latter 1s heat
stable and sensitive to RDE (Tables 2 and 3) The influence of RDE on
the cofactor was not exammed by Sigh & Hana (15)

The cofactor was found to be destroved by trypsin It 1s seen m Table
3 that when the trypsin conceniration of the mixture 1s 0 64 or 032
per cent, no cofactor actinity 1s left, the a inhibitor actrity 1s consider-
ably reduced, and the haemaggihntinating lipids are actine At 016 per
cent, however, there 1s only a mmor reduction of cofactor and « mh
itor activity, and the haemagglutimating hipids are still neutralized

The fatlure of the trypsm to destroy the cofactor 1n the experiments
of Styk & Hana {15) 1s puzzlimg Perhaps this failure 1s due to the tryp
sin inhibitors 1n the sera these mhibitors may have destroyed a low
potency of the trypsin preparation employed  Styh & Hana further
report (1a) that when trypsimized sera are tested, 1t 1s not possible to
use the erythrocytes from anj rooster, as cells from some of these are
agglutmated by trypsin even 1 lagh dilutions Their observation may
be explaimed by the finding reported 1n a prestous (7) and the present
paper, that the cells which were agglutinated to hugh dilutions by tryp
simized sera were obtained from vaccinia positine fowl This finding
suggested that the haemagglutination shown by trypsiminzed sera 1s
caused by normal serum hpids, whose ants haemagglutinating proteins
have been digested by the enzyme In unpublished experiments the an
thors found that this haemagglutination can be destroyed when un-
treated serum 15 added

Hana & Styh found (4) that cofactor can be separated from gin
hibster by chr hy on DEAE-celinl That the cofactor 15
different from the § mhibitor was confirmed n the present nvesti-
gation It was found that the 8 inhibitor could be removed from serum
by absorption with Ay virus, while the cofactor remamed

SUMMARY

The hent [abile, normal serum cofactor necessary for the haemag
shutination whibttion of nfluenza 4 tirus of low anlibody sensitinaty
by early convalescent ferret serum was studied )

The absence of cofactor was found to be

partly responsible f

:k‘c‘tc:\sn m the ratio belween itres to Ya-yirus of high and of [m:’::::l:lc
hodv sensitivity observed m heated ferret
et sera during the course of the

The cofactor was resistant to RDE a

E and sensitive to try V]

the 8 inhibitor was removed from the serum by absorpupsm ‘\\heﬂ
virus the cofactor remained 4 on il A
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The titre of the cofactor hefare and after the serum had been treated
with the virus, was determmed as above by means of early As comuales-
cent ferret serum and A2Japan/305/57 . The titres of the B-uhubitor
were tested with the As-strain The resulls are shown n Table 4

TABLE 3
The Fffect of Treatment with Trupsin and of Heating an the Cofactor and the
a-Inhibitor in Ferret Serum The Release of Ilaemagglutinating Serum Lipids by the
Trypsin Trealment 1s also Shown

Normal
Treatment of fhe Cofactor | tohabrtor | Titre | Tiire agalust
normal serum tire Adapan | Heated | positive fonl
et Tee red celly
Incubation over mght at 37°C,
pH 80 with 064 ¢% trypsin < 10 40 80 4800
with 032 %% trypsin < 10 40 80 6400
with D16 ¢4 trypsm 40 120 640 < 100
with 08 % trypsin 60 120 640 < 100
with 004 9% trypsin 60 160 640 < 100
with 002 ¢ trypsin 80 160 640 < 100
with the buffer only 80 160 960 < 100
None 80 160 640
Heating at 56° C for one hour < 10 640 1920

TABLE 4

The Effect of Absorption with an Ay-Strawn on the Cofactor and the B-Inlubitor m
ouse Serum

| Normal it ator

Trcstment of the normal serum Cofactor A AT
252 e
]
Absorption with Ag/Persian Gulf/2 52 P lin 60 <5
None 80 60
<5 <4

Heating at 56° € for onc hour

DISCUSSION

The results of the present myvestigation confirm the observation by
Sty & al (17, 18) of the existence of a heat labile, normal serum co-
factor active 1 Hl-tests with As-virus of a low as It was found { Table
1) that destruction of the cofactor 1s partly responsible for the de-
creasing ratio between hires recorded with yirus of lgh and virus of
low a s, when serum samples drawn during the course of the comales~
cence are tested after healing, and 1 particular after treatment with
cholera filtrate followed by heating (5, 6) Also mn the active sera this
ratio was found to decrease, though here less markedly Whether the
decrease might be elimnated if a great (xcess of cofactor was added,
could not be tested hecause of haemolyars



317

The cofactor appears to be entirely different from the a mhibitor
<erum The former 1s heat labile and resistant to RDE the latter 1s heat
stable and sensitive to RDE (Tables 2 and 3) The mfluence of RDE on
the cofactor was not examuned by Styh & Hana (12)

The cofactor was found to be destrayed by trypsin It 1 scen in Table
3 that when the trypsin concentration of the muxture 15 061 or 032
per eent no cofactor activity 15 left the « inhubitor actity 15 consider
ably reduced and the haemagglubinabing hpids are active At 016 per
cent howeser there s only a minor reduction of cofactor and a mh
titor actrvity and the haemagglutinating lipids are still neutralized

The failure of the trypsin to destroy the cofactor n the experiments
of Styk & Huna (15) 1s puzzling Perhaps this failure 1s due to the tryp
sin mhibitors tn the sera these mnhibitors may have destroyed a low
1atency of the trypsin preparation employed  Sigh & Hana further
riport (15) that when trypsimized sera are tested 1t 1s not possible to
use the erythrocivtes from any rooster as cells from some of these are
agglutinated by trvpsn even in high dilutions Thetr observation may
le explained by the finding reported 1n a previous (7) and the present
1ater that the eells which were agglutinated to hugh dilutions by tryp-
stmized serr were obtained from vacama positine fow! This finding

1 that the k mation shown by trypsininzed sera 1
<ansed by normal serum hpds whose anh haemaggintinating proteins
have heen digested Ty the enzvme In unpubhished experiments the an
thors found that this haemagglutination can be destroyed when un
treted serum 15 added

Hana & Styk found (4) that cofclor can be separated from £1n
hititor by chromafography on DF AL-cellulose That the cofactor 15
d ilerent from the f inbitor was confirmed 1n the present nsest
gation It was found that the g snhibitor could be removed from serum
ty absorption with A; virus while the cofactor remained

SUMMARY

The heat labile normal scrum cofactor necessary for the haemag

glulimation mhibition of nfluenza A virus of low

13 carly convalescent ferret serum was studied
The absence of colactor was lound to te partly responsible for the

decrease in the ritio 1etween titres to A~yirus of high and of fow ant

hedy sensatinaty observed 1n heated ferret sera duning the course of t)
3 et of the

antibody sensifivity

The cofactor was resistant to RDE ang
sensitine to t
the g imhibator was temaved {rom the serum by ahsoq?n{:"\‘\ l‘]"l h:n
sirus: the eolactor remained ! '
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INVESTIGATION INTO THE BACTERIOSTATIC AND
FUNGISTATIC EFFECTS OF CERTAIN
ANTIMYCOTIC SUBSTANGES IN AQUEOUS SOLUTIONS
AND INCORPORATED IN OINTMENTS

By
OLE G CLAUSEN
Recenved 71 62

The following 15 an account of a comparative nvestigation mto the
bacteriostatic and fungistatic effects — 1n aqueous solutions and 1 a
pofyethyleneglycol cmntment base — of salicylamlide (Clausen 1962),
cebylpynd hloride, and a 1on of these two substances
in comparrson with the effects of a number of known and currently
employed substances and preparations The mvestigations include,
among other things, a study on the effects of the substances when the
pHalue 1s varied in the ointment preparations

The reference substances and reference preparations employed were
the following undecylenic acid, Loramine Du 185 (dialkylolamides of
undecylemie acid, manufactured by Dutton & Remmiseh Litd, London),
Thioxolon = 4 hydroxy-1 3-12H) benzoxathiol-2-on t hyeldgaard 1960),
Amphotericin B (Fungizone “Squibh”™), Gniseofulvin, 1C1, Decylene

eream {made up at a chemist’s), and Mycostatin emntment, AB Bofors
(“Squibb’ Lacenee)

MEDLIA AND MFTHODS

The test imcrobes employ ed are listed n Table 1, page 322 In addition
1o these test organisms, for owntment No 7 (and to some extent for
omiment 81, Table 3, page 324, the follanang Dangns shinns wete dhan
ulihized Cryptococens neoformans, Geotrichum eandidum, Aspergillus
mger, and yel another strain of Trichophyton mentagrophy tes

Thus the test microbes used in the smvestigation comprise pathogente
bieleria and species of fungus which are of the most chemo-resistant
hinds, while severat of them are highly important microbes m cases of
shin infection

The mvestigations were carned out with the ad of a dffusion

[ 3hould ke to express me s e tha my two assisl
press me sincere thanks t.
Pt ' nks to M3 two assistants Mre Kart Raug

hoth of whom h T
fo carry ont the exporiments "m hate performed cxcellent work wn helping
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FROM THE UNIDVFRSITY OF OSIO NORW sy, INSTITUTF OF I‘II)AR\IA( 1,
DFPARTMENT OF BACTFRIOLOGY IIF D OlF G CLAUSEN PR D

INVESTIGATION INTO THE BACTERIOSTATIC AND
FUNGISTATIC EFFECTS OF CERTAIN
ANTIMYCOTIC SUBSTANCES IN AQUEOUS SOLUTIONS
AND INCORPORATED IN OINTMENTS
By

OLE G Crausty
Recened 7+ 62

The following 15 an account of a comparatsye nvestigation ito the
bactenostatic and fungstatic effects - i agueous selutions and 1n a
polyethyleneglycol omtment base  of sahcylanihide (Clausen 1962),
cetylpyndin hlonde, and a 1on of these two substances
in comparison with the effects of a number of known and currently
employed substances and preparations The investigations include,
among other things, a study on the effects of the substances when the
pH value 1s varied i the ointment preparations

The refercnce substances and reference preparations employed were
the following undecylemie acid, Loramine Du 185 (diathylolamides of
undecylemie acid, manufactured by Dutton & Resmiseh Ltd, London),
Thioxolon = 4 hydroxy-1 3-(2H)-benzoxathial 2 on (Kjeldgaard 1960},
Amphoteriein B (Fungizone “Squibb”), Griseofulvim, 1 CI, Decylene

cream {made up at a chemist’s), and Mjycostatin ontment, AB Bofors
¢ ‘Squibb” Licenee)

MEDIA AND MFTHODS

The test microbes employed are listed in Table 1, page 322 In addition
to these test organisms, for omntment No 7 {and to some extent for
omiment 8), Table 3, page 324, the fi

ollowin,
uithzed Cryy

g fungus strains were also

. G dvdum, Aspergihay
niger, and yet another strain of Trichophyton mentagrophytes

Thus the test microbes used 1n the myestigation comprise pathogeme
bactern and species of fungus which are af the most chemo-resistant

kinds whaile several of them are highly mportant rucrobes 1n cases of
sk infeetion

The imestigations were carnied out with the aid of a diffusion
o

o ] . P

%

AT P,
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method, the solutions and omtments being introduced mto holes (10
cm i diameter) made 1 blood agar media, which had in adsance been
moculated on the surface with speeific diluted culiures of the parh
cular test microbe concerned, and then dried

The bacterium mocula were obtained from 20-hour cultures (37° C)
mn ordinary heef-mfusion peptone broth by diluing i sterile distilled
water mn the following proportions, expressed i ml noculum per ml
dtution- Ps acrug 1,500, I colr 1- 306G, Str face 1 200, S aurcus
1 200

The fungus mocula were obtuned by suspending 10-day-ald cultures,
cultivated on Sabouraud agar at 25° C, i the broth referred to above,
i mortars The Candida, Geotrichum, and Cryptococcus mocula con-
tamned ¢ 50 mullion Inang cells per ml, and those of the Aspergillus
strains ¢ 10-20 million living spores per ml The mocula were diluted
with sterile distilled water in the following proportions C albicans
1 40, Crypt neoform and Geotrich cand 1 20, Asp flas and Asp fu-
mgat 1 125

A 10-day-old Sabouraud agar slant cultute of Tr mentagrophytes
was suspcnded by mortar i 20 ml becf-infusion peptone hroth This
suspension was used undiluted as inoculum

For the bieterium tests recourse was had to 10 per cent peplone-free
horse blood agar with a pH valuc of 74 (Japanese agar, quahity Kobe
1) The media were mcubated for 20 hours at 37° C, whercupon the
diameters of the tnhibition zones were registered

For the purpose of the fungus tests 1 per cent glucose was added to
the afore-mentioned medium The cultures of C albicans and Asp fla-
sus were mcub ited for 20 hours at 47° C The cultures employing Asp
fusugatus as a test stramn were meubated for 30 hours at 37° C, while
Geotrich cand was mcubated for 40 hours at the same temperature
‘The cultures with Ciypt neoform and the two Tr mentogrophytes
strams were incubated for two days at 25° (, before the drmeters
of the mlubition zones were registered Large petn dishes, some 1356
cm m diamcter, were used The medin were ¢ 07 ecm n depth

It proved to be unportant that the holes made mn the agar were care-
fully filled and almost up to the bnm with omtment, the presence of
¢ven the minutest quantity of omntment outside the holes resulted 1n
uneven whibition zones The technical performance of the tests demands
prictice In the case of rcddatively solid ointments gentle henting some-
times proved necessary after transforence of the omntment from the tube
to sterile contuners, and thence to the media by means of shghtly
warmed sterile glass tubes fitted with rubber feats

salicylanilide and Thioxofon, and to a certain extent also undees femic
acid, are heavily soluble m water and were accordingly dissolved by
adding NaOH N/1, and PH salues mn the strongest solutions, 10 3, were
adjusted to 9 5-9 9, when nccessary by means of HCINA The dilutions
10 3 and 10 * were prepared from the 10 # dilutions, the pH value falling

~
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somewhat as 1 result Dilution of the clear solution of sahicylamilide,
10 2, pHL 9 75, resulted 1n a lower pH and precipitation occurred 1n the
dilutions 10 2 and 10~ The pH values of these solutions were therefore
readjusted to 9 10, and the salicylamlide then once agun dissohved

Buffer solutions contamning no antimicrohial substance, with a pH
value between 5 and 10, were insestigated parallel with the other test
samples (see Addendum, page 322

Of the ointment preparations histed 1n Table 3, page 324, Nos 1to 6
were made by Weider s Farmasoylishe A/S, Oslo 7 and 8 by the author
of this paper, 9 was made up at a chemists, and 10 15 a factory made
preparation

The results of the nvestigations are set out 1n Tables 1, 2, and 3

The C.
Ontments 1 2 and 3

D of the

1 Salicylamilide 50g 2
CetyIpyiidimumehloride 02¢g
Distilled water 7
Polvethyleneglycols up to 100
pH 43

Lachks cetyl
psrdinum
[ chloride

0g othernise as T
pH 61

3 Lachs salicvlamt
lude, athermise

pH 34

Ountments § 5 and 6

4 Salicylamilide 258 5 Lacks cetyl 6 Lachs sali
NaOH N1 g5 100¢ pyridinium evlanilide
Cety lpyndimumchloride  02g chloride other otherwise as 4
Distilled water 76¢ wise as 4
Polyethrvieneghheols up 10 1000 g
pH 838 pH B8 PHI14

In addition to preparaticns 4 and 6 above the correspondimg owntments containing
01 per cent cetylpvridimumchloride were mycshigated

Ountments 7 and §

7 Salievlamlide 25g % Salicylamilide 25¢

;l:_(l)u Nigs 135¢ Distilled water 175¢
N1gs Polvethvleneglycols up to 100
(4 106 19D i ox
Distilled water 10g
Polsetheleneglycols up to 1000 g
JEH pH3S
In the oiatment samples the pH values were polentiometricalls d
!
drvselying 10 per cent ontment m sterle distilled water ctermived by

Oratments 9 and 10

9 Decylene cream (VAFY
7w uadeeylenate

pulterized 200g
Undecslenic acid 50g
Pclvethyleneglyeols 0g
{Ungy macrogol:)

Distilled water 50¢

10 Mucostatin ointment AB Bofars { S

quibb L

Nistatin “Squibl, 100000 L per g teenee)
Pulvethyleneglve 1s and paraffinum hqy qs
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TABIF 1
Determination of the Bacteriostatic and Fuangistatic Fffects of Salieylamilde and
Certain other Anhimpeotic Substances

( Salicy tamhde Ldecvlenic acid 12 “ ll)gx!:»‘:\“lhg e
benzoxathiol 2 un
102 pind 104 102 0d w0t | 502 | 10 | 10
Tust microbes ol 11 n I 1
BRI
Ps acrug 175 105 0 0 0 0 135 0 0
. (19} () a5 (+)* ()
F coli 20 105 0 o o [ 15 0 [
(+) () (+)
Str faceal 0 0 0 0 0 [ 14 0 [}
@n
S aurcus, phage
type 42D 32 225 0 125 0 0 14 0 [}
(3 6) 19) ay
C albicans 30 16 0 2 0 0 19 0
(10) 5 a13) @y (+) @5 ()
Asp flav 315 17 0 22 0 o 19 0 0
“Y @5 +) @4 a3y @y (+)
Asp fumugat 39 20 32 o 0 23 0
(9 @329 a9 an 30y (20)
Tr mentagrophyt 19 26 0 37 [ [ 29 0 0
+) 19y (+) an

(f the method described above

Absolute mhibition zones — zones totally desord of growth

Relative mhibition zones = zones i which growth 1s distinetly inhibited to zones
which are almost devord of growth

The figures not 1n brachets relate to the diameters of absolute mhition zones
measured 10 em, the figures 1n brackets relate to the diameters of absolute + rela
fire inhibitron zones measured 1n cm

+ represents small barels registrable absolute mhintion zones

(+) represents small harely registrable relatnve imhibition zones

0 designates no absolule inhibition zones

The holes made n the media were 10 em in diameter

t Joramme Du 185 (dialkylolamides of undecvleme acid  manufactured by
Dutton & Remmusch 11d Lopdon) was 1nyestigated parallel with undectlenic acud
but was found to have a distinctly weaher effect than the latter

2 Undecvlenic acid was also anvestigated in dilutions 102 pH 75, 103 pH 65
10% §1 BT The results were on 2 par with those 1apylated

* Very famt trace of faur sized relatine inhition zones ¢ 42 32 em n diameter

Very famt relative inibition zone 3§ cm in diameter n addition to that e

tered in the table
ADDFADUYM

Griseofulvin 1C1 wAas also investigated 1n regard to s effect on all
the test mmerobes amployed This antibiotic affected only the two Tr
mentagrophytes test struns In the inghest dilution used, 107, a s wur-
ated aqueous solution with a Ittle sediment, 1 caused only relative
mhition zonds

The effect was demonstrable up fo 10 ¢

The buffer solutions, which contamned no antinncrobial substance and
which had a pH value of 5-10, causcd no inhibilion zones on the blood

agar medsa with the test microbes employed
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TABLF 2
c tnto the Fffects of and Ampho-
tericin B
smphotericia B
Saticylanihde® (= Fungone  Sfulbh )
Test microbes
12102 | 1w | w! 12307 | 103 | et
C albicans 238 16 o 215 215 215
38 25) ay 22 20
Asp fumigat 34 20 + 26
[ (322) a9 . i
Tr mentagrophst 33 26 & 15 19

Cf the text of Table 1
pH \:lu:s‘ofulhe stock solutions Salicylanihide (% 10 2) pH 98 Ampholericin B
{% 102)pH 7

1
* Salieylanilide had the following effects in two earher non tabulated dilutions

Test microbes 14 102pH90 ] 18 102pus7
C. albican: 22 18
albcans 2 (: 8
Asp fumigat 29 5
e an 35)
Tr mentagrophyt 37 32

DI1SCLSSION
From Table 1 page 322, it 1s evident that salicylanilide 1s by far supe-
rior to the other substances mvestigated with respect to antimicrohsal

effect This superionity ts particularly striking in relation to the patho-
geme fungus strains

From Tabl = e the dilu
tron 14 10 ° " B (Fun
gizone Squil

" 0, saliev]
anilide was generally about as effective as Amphoteniein B In the dilu

tion 10+ however Amphotericin B continued to be almost as effectine
asn the dilution % 10 2, whereas salicylanihide proved itself much
less effective 1n the dilution 10+ Thus salicylanihide has 3 high ditution
coefficient whereas that of Amphoteriem B 15 very low (The latter
compound also showed itself to be effective even 1n the dilution 10 €)

Griseofulyin 1C T was found to have a strongly selective effect, and
'n tonsequence must be unfitted for use as a constituent of a general
antimy cotic ointment

From the foregoing 1t seems clea
(ffect by far than any of the other

irations usable for external applica
In Table 3 Pa;
these Nos 9 an,

T~

t that salicy lanihide has a stronger

substances mnsestigated in concen-
tion

ge 324 the effects of ten ointments are recorded Two of
d 10 are to be regarded a5 reference Preparations they



322

TABLE 1
Determnation of the Bacteriostatic and F 1 Effects of Sal Inde and
Certatnt other Antimycolic Substances
‘ Salicylanilide Udecylemc pefd +* [t} Hy:ltr'y;"n:ag @i
- benzosatiuol 2 an)
102 103 104 102 103 [ 04 | 02 | 103 | 1t
Tust microbes nH it ] ] I
# 5| g ‘ BROL SR |||
Ps acrug 175 165 1] [ ¢ 0 15 4 [
a9 (+) (165)* (+)*  (4+)
E coli 20 105 0 0 0 [ 15 0 [
+) (+)
Str faccal 0 0 o 0 o o 14 9 0
@n
S aurcus phage
type 42D 32 225 0 125 0 0 14 0
{36) (19) (13)
C albicans 30 16 0 23 0 0 19 0
(10) (25) (13) (@8 (+) @25 ()
Asp flay 315 17 [ 22 0 19 0 [}
(49 (25 +) @ (13 21y (+)
Asp fumigat 39 20 + 32 o 0 23 0 Y
19) (325 (19) an GO @0
Tr mentagrophyt 49 26 0 37 0 0 29 [ [
{+) a9 (+) an

Cf the method desctibed above

Absolute inhibition zones = zones totalls devoid of growth

Relatrse :nhbition zones = zones 1 which growth 1s distinetly inhibited to zones
which are almast devoid of growth

The figures not in brackets rclate to the diameters of absolnte wmhibition zones
mcasured 1 em, the figures 1 brackets relate to the diameters of absolule + rela
tire ynhubition zones measured in em

+ represents small barely registrable absolute inhibition zones

{+) represents small barels registrable relatine mhibition zones

0 designates no absolute mhibition zones

The holes made 1n the media were 10 em in diameter

1 Loramine Du 185 (
Dutton & Remisch Ltd I
but was found to have a latter

2 Undeeylemie acid was > pH 75 103 pH 65
10 ¢ pH 57 The results were on a par with those tabulated

* Very famt trace of fair sized relative mhintion zones ¢ 32 3.2 cmn diameter

§ Very famnt relative inhibition zone 38 cm in diameter 1n addstion to that en

tered in the table

acid  manufactured by
with undecy lenic acid

ADDFADLDY

Griseofulyin 1C1 was also investigated 1n regard to 1ts ¢ffect on all
the test microbes employed This antiiotic affected only the two Tr
mentagrophytes test strams In the highest ddution used, 10+, a satur-
ated aqueous solution with a httle scdument, 1t caused only relative
inhilntion zones

The effect was demonsirable up to 10 ¢
The buffer solutions, which contained no antimicrobial substance and

which had a pH value of 5-10, caused no intubition zones on the blood
agar media wath the test microbes employed
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com] rise one medicinal antimivcotic cream and one omntment containing
an antibiotse substance

The results show that the 1 H value of the ontment 1 reparations s
decisne 10 determining thesr effeet This s becguse sahicylambide 15
soluble 1 water oniv as an athali salt The best effect was achieved
with omtment 7 contamming saheviambide 24 por cent and with a pH
of 99 but omtments 4 and 5 with the samec salieylanihde content and
a1 Hof 88 come close up to No 7 The addition of cetvIpyridiniumchlo-
ride 0 1 per cent and 02 y er cunt does not appear to have any appreci
able mfluence on the effect of the salievlamhde omtments within the
| H range 8 21 to 8 8 It 15 possible however that the effect on strepto
coces increases samewhat i the presence of cetrvipyndimwumchloride
this 1s most clearly apparent i1 the cise of the ointment with a pH value
of 43 ("o 11n Tible 3)

On the whole cetylpsridinmmehionide m the absvence of sabeviam
lide proved rather more cffective 1n a concentration of 02 yer cent
than in one of 0 1 per cent in the polvethylencgiveol omniment hase

Several ointment preparations contaiming sahievlanilide 2V, per cent
and with or without cetxlpyr hloride were mmvestigated with
sarying pH values! Generally sy eakmng 1t may be sard that these oint
ments vary hittle i thewr effeets wathin the pH ringe 85 0 95 At a
1H of 8 2 the effect 1s ikewise vers good and onlv a shight reduction
w effect was repistrble The ontments distinguished themselves by the
parlicular excellenee of thewr fungistatic effects

It must be stressed that a 215 per cent salicylanilide omtment with
A 1H value of ¢ 9 18 constderably more effective than a 5 per cent oint
ment with 1 pH value of ¢ 6 This 1s easily understandable from what
has heen said above On the other hand 1t 1 difficult to explamn with
out making closer investigation why a 21, per cent salicylamlide oint
ment wath 2 pH of ¢ 4 also has a hetter hacteriostatic and fungistatse
cffect than the o per cent omntment refecred to above

The fact that the salieylambide ointments (pH 88 to 95) haye a far
stronger effect than Decylend cream and the Myeostatin omtment 15
00 oty 1 s of the raten havs v ofsoent ens
wefulness of the method 1n mw::‘ e og reat smportance to

1gating the antimicrobial cffects of
ﬂi[l“_lim\nh and crenms Attention 1s drawn alvo 1o the uniformly good
;' 1::‘(\:::1 ;(:t\ﬁlmmde hoth 1n 1qucous solutions and n the omtment

It may b observed that some of the omtment prefarations myesty
fted talieylimihde 2Y; per eent pH onginalls 92 5} had b
~stored a0 tubes for one vear at ¢ 22°¢ without 1t \-mn - bl o

trove with cortunts that the antimiercbial effeets f ”g e 4o
thereby suffired 4 reduction of the omtments

!N Ul thece results have Eeen tal ulated

/'ff'“"\
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FROY THE UND ERSITY OF 6SLO NORWAY INSTITUTE OF PHARVACY,
DEPARTMENT OF BACTERIOLOGY HFAiD OLF G CLAUSEN PhD

AN INVESTIGATION INTO THE BACTERIOSTATIC AND
FUNGISTATIC EFFECTS OF CERTAIN
CHEMICAL COMPOUNDS, PARTICULARLY WITH
A VIEW TO THEIR POSSIBLE
APPLICATION IN CHEMOTHERAPY
By

G sk STEENsROLT and OLE G Crauskn
Recened 7162

As a part of a more broadly planned, systematic investigation into the
antimicrobial effects of certamn new, and also earlier synthesized but
not tnvestigated, chemical compounds {Clausen 1962, Clausen & hjeld
gnard 1962) on a variety of resistant and also mmportant pathogemic
bacterium and fungus siramns, the authors of this paper have studied

two pyndinealdehydes, three pyrnid ldehyde th b
three pyridinealdoximes, three picolylamines, 2 2 -pynidoin, and 2 2 -p3
ndit Sulpt athine and sulph h

were used as reference pre-
parations 1n the bacteniostatic imvestigations, and fungrzone “Squibh *
n the fungistatie ones

Of the substances referred to above, the 3 pyridinealdehyde thiosem:-
carbazones were made by one of the authors {Steensholl), while the
others are hnown compounds, manufactured by Dr F Raschig, Che
mische Fabnk, Ludwigshafen am Rhemn Nothing has been found in the
hterature regarding the effect on microbes of the substances forming
the subject of this investigation

MEDIA AND METHODS

For details of the substances dealf with and the test microbes em
Doved the readers referred to the tabular survey on p 328 The method
employed was 1dentical with the one presiously deseribed by Clausen
11962) It consisted in bacteriostatic mveshigation by means of a diffu
s1on method 1n 10 per cent peptone free horse hlood agat {depth e 07
em, pH 74 made from Japanese agar, qualty hobe I) aqueous solu
tians of the substances heing miroduced into holes 1 0 'cm mn d

We wish to thank the department
st Tor there o e department s assistants Mrs Eq

TN

wa Lobstad and W
help 1n conaection with the expermments | T X0r Ravg

g
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SUMMARY

A comparatine microbiologieal myestigation tn pitro of salicylanihide
and certatn other substances with an antimyeotic effect, among these
undecylenic acid and Amphotericin B, has shown that salicylanthide as
sodwim salt 1in aqueous dilutions between 10 2 and 10-2 (n the case of
Amphotenicin B, between % 10 2 and %s 10 2} on the whole 15 by far
superior to the other substances investigated 1n regard to bacteriostatic,
but primarily fungistatic, effect

An attempt has been made to exploit 1n practice the good antimiero-
hial effect of saheylamilide by preparing and subjecting to mucrohio-
logical investigation a number of new omtment compositions employtng
polyethylencglycols as an omntment base, and contaiming sahcylanthde,
as well as comnations of salicylamilide and cety Ipy rrdimumchlonide
{= Pyrisept “Werla”) as active constituents It was found that the pH
values of the ointment preparations were decisive in deterrmning their
cffect 1n vitro

Polyethyleneglycol omtments with 2¥; per cent salwcylaniide and
with a pH value of betacen 82 and 95 proved to have very good anhi-
microhal effects, the optimum effect was attained at a pH value of
95 The addition of 0 2 per cent or 6 1 per cent ety [py nidmiumchlortde
had no appreciable influence on the effect at a pH 1n the range 82 to
88 The fungistatic effects of the omntments were parbeularly good

According to the method employed, the cffects of these salicylanilide
omtments were far superior to those of the preparation Decylene cream
made up at a chemust's and those of Mycostatin ointment, manufactured
by AB Bofors

Beyond this 1t must be left to dermatologists to assess the chmical
offects of the salicylaniltde ointment, and also to decide whether, with
the relattvely hugh pH value of ¢ 8 8, 1t 15 sufficiently tolerable for skin
application

REFI RENCES

n - 1 Determination of the bac
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Under the conditions set forth abose the follawsng substances could
not give 1 per cent solutions n water, and accordingly were mvestigated
i saturated solutions, with the pH salues noted n the tables the
throsemicarbazones of py ndine-2-, py ridine-3-,and pynidine-4 aldehyde,
pyndine 3 aldouime and 2 2°-pyndit

Buffer solut c no ant obial substance and wath pH
salues rangmg from 60 up to 117 were imestigated parallel sath the
other solutions

For details of the substances mvestigated and the result of the -
vestigations, see the tabular survey and the Addendum

TABLF 4
Fungizone Squibb
DT

Test microt es 12 102 103 1od Ll 108

C. albicans 215 215 215 20 18
Asp fumigat 26 22 20 195 165

Tr mentagrophyt 15 17 17 145 11
122)

Fungizone did not have a fungistatic effect on any of the fungus strains in the
dilution 10 7

ADDFNDUM

1n addition to pynidine 2 aldoume the following substances had an
effect on certamn of the test microbes 1n solutiens with concentrations
below 1 per cent, expressed 1n terms of the diameters of the mhibition
zones Pynidine 3 aldehyde 0 01 per cent on Asp fumigat, relatine zone
12cm pyndine-f-aldehyde 0 1 per cent on € alhicans, 1 4 em, on Asp
furmgat 15 em and on Tr mentagrophyt 17 em, all relatne zones,
2 preolylamine 0 1 per cent on Asp fumgat, neghigible trace of relatne
zone

In the following geometrical aqueous dilutions pyridine 2-aldoxime
atfected Ps seruginosa and Tr mentagrophytes as shown below (As
regards recordmg of the results, ¢f the tabular survey on P 328)

Ps aeruginosa Tr mentagrophptes

1/100 1/200 17400 17800 1100

ghe doe di 4B G0 B A A
2 @n° 20) .

a5 @n “w Gn

° Designates relatine zones with very sparse growth

Pyndine-2-aldoxime caused the formatio
! n of a weak,
iark lning m‘;‘hc I)l:od agar, ¢ncirehing the holey con(al:::\:;d;:;::;c;:\)
prrt irom this the substance appeared to b .
e well e
hlood m the medwm as 10 the strongest cnnccnlr.xllonmlnpx:;:'lhle i
more than a faint suggestion of a small hemolytic zon‘c (]c lc:;l::;lno
m

—
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made 1n the media, each of which 1 advance had been noculated on
the surface with a specifically diluted culture of the test microbe con-
cerned, and subsequently dried For the fungistafic imestigations the
aforententioned mediam with 1 per cent glucose was employed Large
petr1 dishes some 13 5 em in diameter (inside measurement) were used

The bacterinm tnocula were obtamed by diluting 20-hour beef-prep-
tone-broth cultures (cultivated at 37° C) 1n sterile, distilled water m
the following proportions, expressed i ml moculum per ml dilution
Ps acrug 1 500, IX coh 1 300, $ aureus and Strept faccalis 1 200

The media were mcubated for 20 hours at 37° C, after which the
chameters of the mhibition zones were measured

The fungus wnocula were obtamned by suspending 10 day cultures,
cultinated on Sabouraud agar at 25° C, mn beef-peptone broth i mor-
tars The Candida moculum contuned ¢ 50 million living cells per ml
and was diluted before use with sterile, distilled water i the ralio 1 40,
whereas the noculum with Asp fumgat, which contamned 10-20 mul-
Iion linving spores per ml, was diluted mn the ratio 1 12 5 before use The
moculum with the Thrichophyton strain was obtamned by suspending
a 10-day Sabouraud-agar slant culture yn 20 ml beef-peptone broth
by means of a mortar The suspension was used undiluted as an no-
culum The samples with C albicans as the test microbe were incubated
for 20 hours at 37° C, these with Asp fummgat were incubated for 30
hours at the same temperature, while the Tr mentagrophyies samples
were incubated at 25° C for 48 hours before the diameters of the inhibr-
tion zones were recorded The last mentioned fungus species was culti-
vated at a lower temperature to prevent the media drying up, as this
fungus grows more slowly than the other two fungt at 37° C

TABLE 3
The Ractcriostatie and Fungistatie Effeels of the Reference Substances Used

Test micrabes 02 pR7E 02 M 2 0s

0

Ps aerug 0 0 0
an a9

T coli o 0 0 o 7

§ aureus 30 20 31 1
22) a9

Str faecal o [} 0 0

None of the sulphonamides had any bacteriostatic cffect 1n the dilution 10 4

The substances — provided they were suffterently soluble  were an-
vestigated 1 per cent aqueous wolutions In certun cases thay were
also myestigated in 0 1 per cent and 0 01 per cent solutions (ef Adden-
dum) Where possible, he naly soluble substances were dissolved 1n
0 8 per cent NaOH, the ptl value then being adjusted to the lowest pos-
oible level with the d of HCIN/
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etter effect aganst C albtcans, Asp fumigat, and Tr mentagrophytes
han had an amphotericin B selution 0 2 per cent, which was the stron
est inyestigated concentration of this antibiotic Butna concentration
f 01 per cent amphotericin B showed about the same cffect as m a
1 per cent solution, an effect which decreased only little even 1n very
ngh ditutions

The question of a possible chemotherapeutic effect of pyndine-2-
idoxime 1n \1vo, however, will depend on the toxieity of the substance
nd on 1its tolerance by higher orgamisms Apart from specific anti-
syloties sueh as polymyxin and neomycin the authors, however, do not
wow of other ct 1 ds | g such excellent bacterio-
tatic effect aguinst Ps aeruginosa as pynidine 2 aldoxime Its good
ffect aganst the other test bactena, and on the fungus strains, gives
1se to the possiihity that pyvridine-2-aldoime can be used as a gene-
rally active chemotherapeutic for local applicalion, e g 1n the form of
powder solution, or ointment, provided that the toweity and tolerance
when the substance 1s applied locally prove satisfactory Pyridine 2
aldoxume must therefore first be tested on animals with regard to the
aforesaid properties

Of thc other substances investigated mention may he made of 2- and
3 peolylamine which had good fungistatic effeets, hoth were more
active than 4 picolylamine, and on the whole the effeet deereased 1n
the following order 2 3, 4 picolylamine the last-mentioned heing the
least actine compound 22 pyridomn was mactive and 2 2 -pyricht nearly
mactine

SUMMARY

A determination of the bacterostatic and fungistatic effects of cer
tan pyndinealdehydes pyridinealdehyde th rhazones, pyridy
nealdovimes  picolylamines, 22 pyridon, and 22 pyridil has heen
carnied out by the use of a diffusion method in peptone free 10 per cent
horse blood agar The substances were mvestigated mn solutions up to
2 maxitnum concentration of 1 per cent Sulphamezathine, suiphame-
thizol and amphotericin B were employed as reference compounds
Pyndine 3 and pyndine 4 aldebvde were very effectine against fungi,

- und being
were less
LU T LI AU & AR Ctect, fer, 2, -,
anu 4 Ly La ettect, principally agaimnst the
strains but with a distinetly decreasing tendency x; the pm\:lorzillx;
mentioned order 22 -pyridon was ineffectine
> and 22 4
oIy meffeetive 22-pyndil practic
Pyndine 2 aldovime was a1
most elfcetive of all the substances
bacteriostatic effect agunst Ps ae
stitic effeet 1n the presence of bloo:

per eent solution on the whole the
mvestigated Iis exceptionally good
fupinesa and also its good .I'ungl-
d are noteworthy, and the possibily
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diameter) round the edge of the hole was observed The effect of the
substanee on Ps acruginosa was mvestigated in 1 per cent solutions
with pH values 0f 95,9287, and 65 (the last-mentioned, nonadjusted
pH) without 1t bemg possible to observe any change n the effeet Nor
could any change be discerned after a lapse of four weehs m a solution
with a pH value of 8 7 after storage at 22° € m the dark

The buffer solutions contumng no antumicrobial substanee formed
no mlution zones in the pH range employed, 6010117

DISCUSSION

Of the thirteen chemical compounds my estigated py rdine-4-aldehvde
generally proved distinetly more effectine against both bacteria and
fungr than pyridine-3-aldehyde The very good cffects of both com-
pounds on fungi are worthy of nole Of the correspondimng thiosemi-
carbazones pyridine-2-aldehy de thiosemicarbazone proved weahest and
was prachically devoid of demonstrable bacteriostatic and fungistatic
cffects, whereas the thiosemmcarbazones of pyridine-3- and pyridine-4-
aldehyde were clearly more effective, though it was umpossible to dil-
ferentiate between them 1n therr effecls they both proved substantially
weaher tn thetr effects than their corresponding py ridiancaldehsdes, 2
circumstance which may spring from their lesser solubihty n water
Unlihe the aforementioned compounds, psridine-2-aldonime proved fo
possess both a considerabiy betfer bacteriostatic and fungistatie effect
than pyridine-3- and pyndine-4-aldoxime, hoth of which were mactine
against most bacteria and only moderately active agamst two of the
fungus strans, and mnaetne agamst the third Pyridine-2-aldonime was
the most effective of all the substances nsvestigited agunst bath hae-
teria and fung: Particularly notable s the exceptional effectineness of
thus substance on Ps acrugmosa, which 15 recognised as hemng one
of the most chemo-resistant nonsporogenic bacteria Attention 1s also
drawn to the Addendum, where the effect of pyridine-2-aldoxime n
geometrical aqueous dilutions 1 recorded from 1100 to 1800 In the
last-mentioned dilution and alse mn the dilution 10} the hacleriostitic
effeet on Ps acrugmosa 1s still distimetly registrable The rcference
substances sulphamezathime and sulphamethizol had onlyv a shght f-
fect on Ps acruginosa m the dilution 10 2 (small, rdlative inhintion
zones), and they were completely mactnve aganst I coli and Strept
faccahs in the same dilution Against S aurcus, however, the sulpho-
namides were dectdedly more effective than py nidime-2-aldoxne

\gamnst the three pathogenie fungus stramns mveshigated py n(lmc-'.’:
aldevine had a noteworthy good effcet It 1s characterstic thit 1 05
per cent aqucous solution of amphotericin B (= Fungzone ‘Squibh’ )
had an appreciable weaher cffect on Tr mentagrophytes than had an

aqueous solution of pynidine 2.aldovime 1n the same conecntration In
a 1 per cent aqucouns solution the laticr substance had a substaintially
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PRODUCTION OF ANTISERA TO NORMAL HUMAN
ERYTHROCYTES COATED WITH
INCOMPLETE SPECIFIC ANTIBODIES AND
BOUND COMPLEMENT (EAC)

By
HARALD URIAS ETER
Recetved 28 1v 62

Production of antiglobulin sera by injecting into suitable amimals
serologic speaific materials, such as speafic sensitized erythroeytes
I A) or antihody complement complexes (AC’), 1s not a usual proce-
dure and has not been closely mvestigated, although 1t has been shown
that potent antisera can be obtaned this way (1, 2, 3, 6, 9)

These reports, howeser, show some contradictions concerning the
specrfieity of the antiglobulm sera produced Antiglobubm sera are
classified as *anti gamma globulin®, “anti-non gamma globuhn” and

broadspectrum’ antisera (7)

Van Loghem et af (9) produced antisera to human red cells sensi-
tized with antibodies of different hinds incomplete Rh antibodies as
well as inecomplete ‘ thermolable cold antibodies Tt was found that
these antisera could agglutinate cells sensitized wath the different kinds
of antibodies, te, the antisera had a broad antiglobubn spectrum Si-
mular results have been found by homninos & Aksoy (2), who also -~
Jected the antibodies eluted from the red cells of patients suffermg from
auto immune haemolytic anaemia, and found no sigmificant difference
m the reactinity of these antisera against 150 or auto antibodies

Some antibodies are known to f1x complement (7) and there 15 some
eudenee that complement, or something associated with the comple-
ment acinaty, actually represents the matertals against which the ac
tiaty of the anti non gamma globuhn” reagent 15 directed Thys s
shown by Resenfield el al (6), who produced antisera to specific pre

cipitates contaiming bound human or gumnea
pig compl

antisera possessed strong anh ACY achvaty, but only l\l\z‘;(mr'; 'l;hese
were observed against antihodies which did not f3x complemenlac 1ons

The author 1s greathy indebted to Dr F
Lo I B ot !‘lgksur‘ms Stralton Manchester for Teading the ma-

R
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ties inherent 1n this compound as a chemotherapeutic are discussed
above Pyridine-3- and pyridine-4-aldoxime had httle bacteriostatic
and fungistatie effect

RIFFRENCI S

Clausen 0 G Search for new chemotherapeutics Part I Determination of the
bacteriostatic and fungistatic effects of salicylanilide and certamn substituted
salicylanmilides by means of a diffusion method 1n solid media with and with
out horse blood added Arzneim - Forsch 12 948 950 1962

Clausen 0 G & hRjeldgaard A Search for new chcmolhcrapcuhcs Par( il Deter
mination of the bacteriostatic and fi 1c effects of de fifteen
N aryIphthalimides and thur corresponding phthalamie acids Arzneim -
Forsch Ta be published 1962
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complete Lewis-antibodies and active human complement Maximum
achity was shown up to a dilution of 11 20 There was no prozone
phenomenon

TABLE 1
The Antt Human Globulin Actwity of four Rubbit Antisera
Antsera 4 Cell sensitized with anti Le” and active human complement
1108 0 Le a=b+) | ©OLlea-b-) | Oletatb—)
1295 +4+ — _
191 Tt - -
1298 +++ — —
1299 e+ — _
AHG 9 +4(+) _

2

8
3

L

Sera no 93 and 1274 are controls

Antiglobulin activity was observed agamst different complement
(1xing antthodies, such as lete cold anti-H, lete antibodies
from a patient suffering from acquired haemolyhie anaemna of the
“cold” type, and several Lewts antibodies On the other hand the AHG-
mix had no or httle activity against mcomplete antibodies of different
kinds whieh do not frx complement {Table 2)

TABLE 2

Some Results Jrom Testing of Celis W eakly Sensitized with Different Rinds of nti.

body Ustng our Reagent (AHG mix) Compared with a Potent Broad Specirum Antr.
globalin Serum (AlIG 9)

Cells meakly sensitized with * AHG max i AHGeY
Cold 1complete antt H ++ +(+)
Iacomplete antibody 1n serum from a
Patient with aha “cold® tspe +4(+) +(4)
Incomplete antt Lea 4+ +(+)
Incomplete anty Leb +4(+) o
Inccmplete ants K¥ (not ¢ frxing) — H
Incumplete anti D tnot L irung) — Y
Incomplete ants Fs (nat C frxing) — T

* Incubated with active complement
1t Most ants b sera showed 3 weak actwity of © fivimg antibody

The antiglobulin activity agamnst cells sensitized with mncomplete
anti-Le® with bound 15 [urther o rated 1 Table 3
where the activily - compaired with that of two krown sera, the one
our sclceted broadspeetrum reagent, the other a commercial “ 1 e
gamma-globubin” reagent anti-non-

Lxamples of the antiglobulin activit:
ghich bewnt v 0

¥ agamnst gh-titred antibodies
' Table 4 A weak actuaty
: This actiaty, howeser, was

to the reagent (Gamma.



336

Antisera with mostly “anti-non-gamma-globulin® actinaty were also
obtamned by Gold & Lockyer (1), who mjected rabhits wath formol-
treated human red cells coated with “mcomplete” anti A + comple-
ment

The objcet of this work was to myestigate the production of anti
globulin «era by unmunization with anfihods complement complexes
(AC’) as well as to study further the speaificity of these antisera It
was shouwn that even weak rcomplete antibodies with hound comple-
ment may cheit the formation of potent anti-AC’ sera

MATFRIAIS AND MITHODS

Eour rabbits were immunized by intrasenous injections of antibods coated human
red cells of group O One ml of a 25 per cent cell suspension was ginen to each at
mteryals of 5 7 dave 1n a serses of 10 smyections Thrs procedure »as repeated twiee
at about 6 months interval Onc week aftcr the last injection in each series the
rabbits were bled In the first series the cells were seasihzed with sers weab anh
Jhe (traces) and active human complement In the second and third series 1mmu
nization was porformed with red cells sensitized with incomplete ants [ea and anti
Ted rospectively and actine human complement These antibodies were alse weak
with an antiglobulin Utre of 16 or less In order to mahe sure that the cells had
hound complement the sensitization was performed 1n two steps fiest with macti

valed antisera to make FA and the {pre
duction of FAC ) After cach step dspec
le po

trum antiglebulin reagent wWhich
sittve when complement was absorbed (with FAC)

The rabbit sera were inactinated by heating to 56° ¢ for 10 min and absorbed at
4° C wath human red cells of group A B O and AB Six to ten ahsorptions with an
equal volume of pached red ocIls were required to remove the apgluttnims active
agamst human red cells

As a control two sera fram rablits injected with unsensitized human red cells
were treated 1n the same way These rabbits had heen injected several times i order
to produce anta Al or ants N and had given a very pood itibody response

A potent broadspectrum antiglobulin reagent (ARG 9) was used for comparseft
of the antiglobulin activity of the produced antisera This reagent was hroduced
our laboratory by mjecting whale human serum 1nto rabbits It has proved to veact
very well with cells sensitized to complement fixing antibodies and bound comple
ment as well as with antibodies which do not fix complement The reageat was
selected among several other antiglabulin scra produccd 1 our laboratory hecaust
of its strong activity against cells coated with antibodies and bound complement

RISULTS

There was no anti human globulin actrsity m the rabbit sera collected
after the first ngection series with Kidd-sensttized eclls After the
wecond sertes with Ieta+) sensitized erythrocvies, a weah actnaty
was noticed and the activity was much stronger after the st serws
with Lo{b+ )-sensihized cells As shown mn I'able 1 actine tiglobulin
wern then had been fornted 1 all rabbats The two control sert ) not
Jhow any specific antiglobulin activty

Furthc'r mmestig itiens were earried out using a mixture of these four
sera | \HG-m) The muxture showed antiglobulin activity up to a
dilution of 1 10 320 when tested agunst red cells sensitized wath an-
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globulin 12 per cent “Kab1®) n quanbities which did not affect the
reaction with complement fixing antibodies Addition of whole-human
serum suppressed all anti-globulin activty

DISCUSSION

By immunization of four rabbits with antibody complement coated
human red cells (EAC’), antisera were formed which showed hgh ac-
tinaty against cells sensitized with antibody-complement complexes
(AC’) The two control sera prepared with unsensitized cells did not
show this activity This indicates that the immune response must be due
10 the coating of the sensitized erythrocytes The finding that the injec-
tion of uncoated normal human erythrocytes fail to form antiglobulin
serum 1s supported by the findings of Rose et al (5), who found no
antiglobulin activity agamnst human serum constituentes after immuni-
zation with haemolysates of normal human red cells

The coating of the injected erythrocytes consisted of antibody-com-
plement complexes (AC) The antisera produced by immumzation with
these complexes, as shown 1n table 2, 3 and 4, had a speaificity which
reasonably may be designated * anti-AC’* and no or hittle activily against
antibodies which do not fix complement By testing Lewis sensitized
cells no acttuity was found agawnst the antihodies before complement
was absorbed Henee, evidence scems to have heen established that these
antisera predommantly have anti €’ specificty, as ponted out by Strat-
ton (8) This ss n fair accordance with the findings of Rosenfield ef al
16}, who immunized with complement bound to specific precipitates, as
well 15 with findings by Gold & Iockyer (1), who used complement
hound to formol-treated and antibody coated human red cells, n esther
case most of the actinity seemed to be directed agamnst the antibody-
complement complexes (AC) with evidence of anti ¢ specificity

The jected erythrocvtes were senstized using very weak l.ncum-
plcte antibodses and aetive complement Thus, even weak antibodies

may absorh 4 sufficient amount of eomplement to gne a satisfacto
mmune response ™

1t seems as 1f 1on with antih

ds 1 t lex
(AC) n general ehicst the formation of antisera of the l\p; an:n-\é’
the speeifieits of which 15 predominantly ant: €’ and, as s.hm\n by Rn‘
senfield et al 16), the specifieity also depends o the | .
o e camatement e species specificity

S

SUMMARY

tus investigation confirms previoy
us observations that §
antatods y at injection of
3 n—ﬂx A _’im: ed human red cells wnlo Tabhits can stimnlata tha ¢ -

st AL com-
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ALS STATENS SFRUMINSTITUT (INTERVATIONALE S4LMOVFLLA UND

ESCHERICHIA CENTRALE) KOPEVHAGEN UN\D DER MFDIZIN AL LNTER

SUCHUNGSANSTALT AM HYCIENISCHFN INSTITUT DER FRFIEN UND
HANSESTADT HAMBURC (LFITER PROF DR MED § WINRLF)

ZUR VEREINFACHUNG
DER SEROLOGISCHEN SALMONELLA DIAGNOSE

Ton

F havrFuans und R Roxbe
Fingegangen 9 62

In ciner vorhergehenden Mittellung  Etne ¥ eretnfachung der serolo
gischen Art ona Diagnose schlugen wir xor die Ant ona species mit
Hilfe des veremfachten Aauffmann W hie Schemas (A W Schema)
za d izieren In ki Fortfuhrung dieses Vorgehens
schlagen wir jetzt vor alle ncnen Salmonella species des sub genus 11
mit Hilfe des vereinfachten h ¥ Schemas zu diagnoshizieren Diese
stectes sind mut den Ari ona spectes (— Salmonella sub genus 111}
sehr nahe verwandt verflussigen Gelatine und verhalten sich 1n den
organischen Sauren emhbeitlich speziell ergeben sie emnen positiven
Malonat Test Auch m k1 her und e 1d )| Hinsicht spie
Ten die Angehorigen dicser berden sub genrera cine ahnliche Rolle so-
dass eine nahere Diagnose mut Hilfe des orgralen k' W Schemas wn
allgemeiwnen nicht notig 1st Sollte es sich aber in speziellen Fallen ber
gchauftem Auftreten als wunschenswert ervewsen eine genauere Drag
nose zu haben so kann man naturhich jeder Zeit das origmale h W
Schema anwenden

In allen denjemigen Fallen aler in denen die seremfachte Diagnose
gestellt 1st wird nur die Ant mel ben und dem F il
matgeteilt  Selmonella sudb genus 11 {unter Hinzufugung der Formel)

Betreffs der notwendigen Seren ser auf das Buch von F Aauffmann

Die Baktertwologie der Salmonella Spectes  {Seste 196-1 28) sowie auf
du dost angegebene Litertur verwiesen

Ferner mechten wir vorschiagen alle reuen species des sub genus [
wilche dic H Antigenkomy lexe G und T enthalten nach dem verein
fachten h W Schema zu diuagnostizieren Hierdurch wird eme erheb
liche \ eremnfachung erreicht da gerade die nahere Bestimmung dies
Antigenhomplexe zu Sehwiengheten fukrt Dre praktische [;rt";ahle e
hat gezeigt dass dse im onginalen h W Schema durchgefuhrte A r;;ng
I;mg du‘-\(} :nd L-homplexe 1n zahlreiche Part oy
der praktischen Zuverlassighert ung Reproduzierbarkeit bereits
schritten hat 1s st daher vorzuzichen auf die so erreichte hoheu}l,)el;

g
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plex However, the antibodics formed may be predomn mth of anh ¢
spearfieity, and 1t 1 pornted out that even very weak antibodies may
bind 4 sufficient amount of complement to give the red cells this special
antigenic properts

R O,

=

wm
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ALS STATENS SFRLMINSTITUT (INTERNATIONALE SALMONELLA UND

ESCHERICI1A CENTRALF) KOPENIIAGFN UND DER MEDIZINAL UNTFR

SLCHUNGSANSTALT AN HYGIENISCHEN INSTITUT DFR FRFIFN UND
HANSESTADT HAMBLRG (LFITER PROF DR MED S WINALE)

ZUR VEREINFACHUNG
DER SEROLOGISCHEN SALMONELLA DIAGNOSE

ton

F Katrrvass und R RoHoe
F ngegangen 95 67

In emer vorhergehenden Muttelung  Ewne V eretnfachung der serolo
g schen Art ona Diagnose schlugen wir vor die Art ona species mit
Hilfe des vereinfachten hauffmann W hile Schemas (h W Schema)
zu diagnostizieren In konsequenter Fortfuhrung dieses Vorgehens
schlagen wir jetzt vor alle ncuen Salmonella species des sub genus 11
mt Hilfe des vereimnfachten h W Schemas zu diagnostizieren Diese
spectes sind mit den Art ona species (— Salmonella sub genus 111)
sehr nahe verwandt verflussigen Gelatine und sverhalten sich 1 den
orgamischen Sauren emheitlich speziell ergeben sie emen positiven
Malonat Test Auch mn ki her und d her Hinsicht spie
len die Angehcrigen dieser beiden sub genera cine ahnliche Rolle S0
dass emne nahere Diagnose mit Hilfe des oniginalen h W Schemas 1m
allgemeinen micht notig 1st Sollte es sich aber in speziellen Fallen bex
gehauftem Auftreten 2ls wunschenswert erweisen emne genauere Drag
nose zu hiben so hann man naturlich jeder Zeit das oniginale h ©
Schema anwenden
In allen denjemigen Fallen aber in denen dic verewnfachte DMiagnose
gestellt 1st wird nur die Antigenformel angegel en und dem Finsender
mitgeterlt  Salmonella sub genus 11 (unter Hinzufugung, der Formel)
Betreffs der notwendigen Seren ser auf das Buch von F hanffmann
Die Bakteriologie der Salmonella Species  (Seite 126-128) sowie auf
die dort angegebene I iteratur verwiesen
Ferner mcehten wir vorschlagen alle pe:
welehe die H Antigenkomy lexe G und 1 l‘l:\l)('l::lllt:";adc: :;;fnﬂ:lﬂls !
fachten h W Schema zu diagnoshizieren Hierdurch wird ey ehel
liche ¥ eremfachung erreicht da gerade die nahere Bestimm g
\ntigenhomi lexe zu Schwierigheiten fuhrt Die praktisch ;ng heser
hat gezagt dass die im onginalen b, W % . — e Friahrung
lung der G und I homplexe m zahi;
der | riktischen Zuverlassighert und

schritten hat Ls st daher vorzuziehen aut de so erreichte hohe Dyf
e D

n
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ferenzicrungs-Moglichkeit zu verzichten und diese Antigcnhomplexe nur
mit G oder L 7u bezaichnen Je mehr wir die einzelnen Antigenhomplexe
verainfachen, um so sicherere und ubereinstimmendere Diagnosen er-
hlten wir, jedoch mussen wir dann die geringere Differcnzierungs-
Moglichkat i Kauf nehman  Iis st unmogheh, bewde Vortale Iin-
fachheit der Diagnose und grosse Differenzierungs-Moglhichkeit mit em
ander zu verancn

Schhiesshich mochien wir zur Diskussion stellen, m Zuhkunft alle
nenen Salmonella-species des sub-genus 1 nur nach dem veremfachten
K W Schema zu diagnostizieren, abgeschen von besonderen, epiden-
ologisch wichtigen Fallen Wird zum Beispiel eine neue Salmonella-
species aus emem Salamander nur emnmal 1soliert, so 1st es uberflussig
drese Kultur i das oniginale K W Schema cinzufugen

ZUSAMMI NFASSUNG

1 s wird vorgeschlagen, alle newen spectes des Salmonella sub-
genus 11 nach dem yereinfachten Kanffmann-White-Schema zu ding-
nostizicren

2 Is wird vorgeschlagen, alle nenen spectes des Salmonella sub-
genus 1 nut den H-Antigenhomplexen G und L nach dem vereinfachten
Kauffmann-While-Schema zu diagnostizieren

ITTFRATUR

Rauffmann ¥, Dre Baktcriologie der Salmonella Species ber 1 Munksgaard ho
penhagen 1961

KRauffmann I' & Rohde R Fine Veremfachung der serologischen Arizona Diag
nose  Acta path et microbiol scandinay 5% 173-478 1962



{LS STATENS SERUMINSTITUT (INTERVATIONALE SALMONELLA UsD
ESCHFRICHIA CFNTRALE) ROPFAHAGF\

ZUR SEROLOGIE
DER SALMONELLA O GRUPPEN 28, 40, 45 UND 47

Von

F Katrmaass und A PETERSFN
Eingegangen 11+ 62

Da die O Gruppen 28, 40, 45 und 47 homplex gebaut sind und diag
nostische Seren zur Bestimmung dieser Gruppen polyvalent sem sollen,
so wird 1m folgenden herauf naher eingegangen, da diese S erh@itmsse
nicht allgemern bekannt sind Es hommt hinzu, dass 1m Laufe der letz-
ten Jahre zahlreiche spectes dieser O Gruppen gefunden wurden, ohne
dass 1n allen Fillen eine Emordnung 1n die betreffenden O Untergrup-
pen vorgenommen wurde Es se1 jedoch erwahnt, dass dsese 4 O Grup-
Pen im hauffmann White-Schema nach wie vor mit 28 40, 45, resp 47
bezerchnet werden, sodass also die betreffenden O Untergruppen hierin
nicht beruchsichtigt werden

DIE O GRLPPF 28

Die fype species dieser O Gruppe, Salmonelln tel aviv, wurde von
F hauffmann (1) ym Jahre 1840 publiziert, wahrend Salmonella dahar,
mit abweichenden O-Antigenen, von H Darrasse & L Le Minor 1955
besehriehen wurde Die serologischen Unterschiede zwischen den O An-
tigenen dieser beiden species honnen durch folgende Formeln ausge-
druckt werden

S tel autp = 284,28
S dahar = 28,,28;

Zur Diagnose dieser beiden O Untergruppen sind also 9 Faktor Seren
28» und 283 notwendig und werden durch Absorption der O Seren von
8 tel-avi mit S dakar resp von S dakar mit § fel-avw hergestellt Ab
sorbiert man diese O Seren i der Verdiinnung 1 2 oder T 5 <a arhate
man Falter ¢ - - - *
tion die Duff "
muttelt dass 1 v« eul vllergruppe 28, 28, gehoren

S abadina S ashanh

S adamslown Sb
abelsberg

S anh S bokanjac

3
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ferenzierungs-Moghchkat zu verzichten und diese Antigenhomplexe nur
mut G oder I zu bezachnen Je mehr wir die emzelnen Antigenhomplexe
vereinfachen um so sicherere und uberemstimmendere Diagnosen er
halten war, jedoch mussen wir dann die geringere Diffcrenzierungs
Moglichkait in kauf nehmen s st unmoghch, beide Vortelle 11
fachhest der Diignose und grosse Differcnzierungs Moghehhert nut ein
ander 7u veranen

Schhesshch mochten war zur Diskussion stellen, i Zuhunft alle
newen Salmonella species des sub-genns 1 nur nach dem veremfachten
R W Schema zu dingnostizieren, abgeschen von besonderen epidemi
ologisch wichtigen Fallen Wird zum Beisprel eme neue Salmonella
spectes aus einem Salamander nur einmal 1soliert <o st es uberflussig
diese hultur in das ongmmale k' W Schema anzufugen

ZUSAMMI NEASSUNG

1 Is wird vorgeschlagen, alle newen species des Salmonella sub
genus 11 nach dem vereinfachicn Kanffmann While Schema zu diag
nostizieren

2 Ls wird vorgeschlagen, alle newen spectes des Salmonella sub
gemits 1 mit den H Antigenhompleven G und L nach dem vereinf ichfen
hauffmann-White Schema zu dignostizieren

LITI RATUR
Rauffmann F Dic Bakter: logre der Salmenclla Species et 1 Munhsgaard ho
penhagen 1961
Rauffmann F & Rohde R
nose  Acta path et microbiol scandmay

Tine Veremfachung der serologischen Arizona Diag
5% 473 478 1962
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oder § dakar resp mut beiden Rhulturen absorhiert Aus der Tabelle 2
geht hervor dass § aderthe sowohl von S fel avw als auch von § dakar
verschieden 15t Nach Absorption des O Serum von S aderthe muit § fel
avty + S dakar blichen noch Agglubinine fur § aderthe 1m Serum zu
ruck

DIF O CRLPPF 40

Dic type-spectes dieser O Gruppe Salmonella riogrande wurde von
P R Edwards A B Voran J Watl & Th De Captlo 1m Jahre 1900
publiziert wahrend Ha bul mit abweichenden O Antige
nen von F hauffmann & J Deom 1959 beschrichen wurde Diese spe
ctes wurde zunachst als neue O Gruppe = O 49 aufgefasst aber 19,9
von F hauffmann (2) mt der O Grupy ¢ 40 verent

A new type S bukavtt — 140 125 15 15 closely related to hoth O
groups 40 and 49 and would cause great difficulties m differentiating
between 40 and 49 Salmonella bukavu wurde son F van Oge P Vas
sthiadis P Janssen & G van I ooy 1959 publiziest

Die serologischen Unterschiede zwischen den O Antigenen dieser %
spectes konnen durch folgende Formeln ausgedrucht werden

8 rtogrande — 405 10
§ bulawago = 140, 40a
S bukmou =1 40; 40

Germge Unterschiede die zwischen S riogrande und S bukavu he
stehen <ind 1 diesen Formeln micht t eruchsichtigt (siche Tahelle 3)
Zur Diagnose dieser heiden O Untergruppen sind also 2 Faktor Seren
) und 403 notwendig, und werden durch Absory tion der O Seren von
S riygrande mit S bulawayo resp von S bulawayo mit S riogrande +
$ bukavu hergestellt Absorbiert man diese O Seren 1n der V erdunnung
1 2oder1 o socerht man Faktor Seren mit denen man bererts 1n der
Obgekiglas Agplutination die Differential Diagnose stellen kana EXX(§
diese Wetse wurde ermittelt dass folgende 20

pecies zur Unty
40 40; gehoren creruppe

S allandale S Raramora

S benguella S mullest

§ be hsburg S nowawes

5 buhavn S omufisan

S degania S rogrande

S drffield S santhaba

S dural S shikmonah

S fandran S springs

S grett S -

S johannesburg i

S tilene
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S brisbane § moroto
S ceres § mundonobo
S chicago S nashua
S ezra S mma
S [riedrichsfelde S ona
S guldford S patience
S halle S pomona
S hermannswerder S sealtle
S dala S solna
S haltcnhausen § taunlon
S Libust S teclumam
S Auessel S tel-amw
S langford S umbio
S lcoben S wmnohrady
S luckenwalde S vithin
S mocamedes S wedding = 28 ¢ e,n7is
S mocro Salmonella 28 zi,z23 -
TABFLIF 1
Q@ Grupse 28
0 Seren
— N S telmn ‘ S dakar
Nicht 1 Absorly it Nicht Abvorb mit
absorb har absorl t
0

S i o "0 0 20 6
S aderthe 160 128 160 64

Die nicht absorhierten Seren wurden ab 1 10 angesetzt die absorhierten Seren ab
4 da 810 1n der Verdunnung 1 2 absorbiert wurden 0=negatny in 1 4

TABFIIF 2
S aderthe O Serum

\bsorbiert mit

Nicht

huttar i
oborb S telmyly S dakar S demh
§ tel atu 320 o 80 'I)J
S dalar 120 160 [
S alerthe 610 160 520 80

0—negatn i 1 10

Zur Untergruppe 281, 28s gchort bisher nur S dahar

Lme neue spectes S aderthe = 28 75« ~, von J Taylor erhalten, ver-
hiddt sich abweichend, da sie von berden Fakior-Scren 282 und 28, 1¢-
glutiniert wurde (siche Tabelle 1) Um dieses emgehender zu untor-
suchen, wurde ein O Serum von § aderthe hergestellt und mit § fel-amv
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& Sen (1960) erwahnt Die serologischen Unterschrede zwischen diesen
bewden species konnen durch folgende Formeln ausgedriicht werden

8 deversorr = 451, 43~
S dugbe = 45,453

Zur Diagnose theser berden O Untergruppen sind also 2 Faktor-Seren
45> und 453 notwendig und werden durch Absorption der O Seren von
S deversoir mit § dugbe, resp von S dugbe mit S deversoir hergestelit
Absorbiert man diese O Seren 1 der Verdiinnung 1 2 oder 1 5, so er-
halt man Faktor Sercn, mit denen man bereits m der Objehiglas-Ag-
glutination die Differential-Diagnose stellen hann

Auf diese Waise wurde festgestellt, dass folgende 5 species zur 451,
15-Untergruppe und folgende 5 spectes zur 4%, 45, Untergruppe ge-
horen

45, 45, 451, 455
S apapa S dugbe
S deversowr S ejeda =45 a zin
S jodhpur S Aarach:

S windhoeh

S suelldorf = 45 f,g —
Salmonella 45 gm

Salmonella 45 a en,x

TABELLE 4
D-Gruppe 5
O-Seren
attor S deversorr f s dughe
Nicht Absorh it Nicht
absorh S dugbe absarb ok o
S deyersomr 640 512 320 o
S dugbe 160 0 330 128
S perinet 160 32 320 32

Dic nicht ahsorblerien 5tTen wurden ab 1 10 amy

gesetzt die ahsnrhlﬂ’len
1 4 da sic in der Verdunaung 1 2 absorbiert wurs Serem ab

den 0=negatry 1 1

TABELLE 5§
S perinet O-Sernm

S pennet O-Serum

hultur |
Nicht abworh \ﬂ‘f Tt
J S desersolr { S dugbe
S devers it 40
S dugbe s " 2
S perinet 510 639 o
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Zur Untergruppe 401, 403 gehoren folgende 3 spectes S alsterdorf =
1,40 gun,t —, von R Rohde erhalten, $ bern und S bulawayo S ber
wurde von I’ Kauffmann, H Fey & F Stech 1960 heschrichen, doct
wurde damals cine nahere Analyse der O-Antigene nicht ausgefuhrt
Wahrend 8§ bern 1n der Objcktglas-Agglutination nur vom $0s-Serun
agglutiniert wurde, ergab die Reagenzglas-Agglutimation ber schr star
ker Reaktion im 403-Serum (1 256) auch noch eme schwiichere Reak
tion (1 32) 1m 40_-Serum

TABEFLIF 3
O Gruppe 50
§ riogrande G Serum

Absorblert mit

Kultur Nicht alworb
S tulawayo [ S tukmu ‘ bR e
S riogrande 320 256 8 8
& bulawago 10 0 0 o
S bukavu 80 61 0 0

S bulmwapo O Serum

Al sorbiert mit

Nichtalsorh [0 ande + | & rukavu +
riogrande
S senftenberg [ ° PUKA™ [ S riogran e
S riogrande 80 [ 4 0
S bulawayo 10 128 128 128
S buhavu 80 16 [} ¢

S buhavu O Serum

Al sorbiert mut

Nchtatsorl e orande + 'S rulamayo +

§ senitenberg | 2 1UlER830 g gogrande
S rogrande 320 0 256 0
S bulawayo 20 0 0 0
S bukatu 320 8 256 8

Die nicht ahsorbierten Scren wurden ab 110 angesetzt die ahsorbrerten Seren ab
1 1 da sie in der Verdunnung 1 2 absorbiert wurden 0=negatis in 1 4

DIE O GRUPPF {5

Dic ,type-spectes ¢ diescr 0-Gruppe 45, Salmonella deversotr wurde
von Wathins, Douglas & Taylor 1955 heschrichen, wihrend emnc hierson
, Salmonella dugbe, \m Jahre 1956 von J Taylor

abweichende spectes,
spectes 15t 1 der Veroffentlichung von Collard

erhalten wurde Diese
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TABELLE 6
0 Gruppe 37
O Seren
S Kaoluek
hultuy S bergen aolac!
bsorh it Nacht Absorb mit
oo | Aot ahsorh S bergen
S bergen 640 512 80 0
S haolack 0 [ 1280 256
S bergen 80 0 1280 236

Dise aucht absochierten Seren wurden ab 1 10 angesetzt, die absorbierten Seren ab
4 da sie 1n der Verdunnung 1 2 absorbiert wurden 0==negativ in 1.4

In der taglichen Diagnose von Salmonelia-Kulturen werden zur Be-
stimmung dieser 4 O-Gruppen 28, 40,45 und 47 polyvalente O Seren
benuizt Das O 28 Serum st cin polyvalentes Serum von S telamw +
§ dafar, das O 40 Serum 15t ein polysalentes Serum von § riogrande
+ § bulawayo, das 043 Serum 15t emn polyvalentes Serum von S
deversoir + S dugbe, wahrend das O 47 Serum esn polyvalentes Serum
von § bergen + § Aaolach 15t

DISKULSSION

Die Haufighest der emnzelnen O-Untergroppen mnerhalb der 4 O-Grup-
pen 28,40, 45 und 47 18t verschieden So geharen 10 der O Gruppe 28 zur
28, 98:-Untergruppe 40 species (S tel-aviv und andere), wihrend zur
281, 8s-Untergruppe bisher nur S dahar gehort Abweichend hiervon
verhall sich § aderthe, da <1e von beiden Fakhtor-Seren 28: und 283 ag-
glutmert wird, sodass die O Formel it 281, 285, 28; angegeben werden
hann In der praktischen Diagnose dieser Kulturen wird jedoch auf die
emzelnen Parhalantigene keine Rucksicht genommen, da alle verein-
facht als O 28 diagnostiziert werden, und zwar mit Hilfe emes poly-
salenten Immunserum von § tel-avw + S dakar

fnnerhaib der O-Gruppe 49 gehoren 20 spectes (S riogrande und
andere) zur 40y, 40>-Untergruppe, wihrend zur 40;, 40s-Untergruppe 3
spectes S bulawayo, S bern und § alsterdorf) gehoren In der prak-
tischen Diagnose dicser Kulturen wird aher auf die emzelnen Partial-
anbgene heme Ruchsieht genommen, da alle veretnfacht als O 40 tag-
nostziert werden, und zwar mit Hilfe eines polyyalenten Immunserum

von S riogrande + 8 bulmwayo, das mit § urbana (= 0 30) ahsorhiert
15t

In_ahnlichcr Werse liegen die Verhaltnisse
der 5 spectes zur O-Untergruppe 454,
zur O-Untergruppe 431,455 (S dugbe) gehoren A

uch k
neue spectes, S pennel, dadurch von den fibrigen \'c‘rc(‘;c‘i\cer‘:h; eor
Gruppe ab. d s s1e von heiden Faktor-Seren agglatiniert wird “',;t‘;er
aut dem O-Sertm von S perinet avsgefihrien \hsnrphons-\'crsuc};i

n der O Gruppe 45, her
45. (S deversoir) und 5 species
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Linc weitcere, von L I e Munor erhiitenc spectes, S perinef =15 mt
¢ 1n,%,715 wurde von beiden Faktor-Seren 45 und 453 wglutimert (siche
Tabelle 4) Zwecks naherer Untersuchung wurde ein O Serum von §
perinet hergestellt und mit § deversour resp S dugbe absorbiert Die
Tabelle 5 zaagt, dass nach Absorption mit diesen hulturen noch stirhe
Agglutimind fur § perenet un Serum zuruckbhehen

DIT O-GRUPPT 47

Dic {ypt-species” dieser O Gruppe 47, Salmonclla bergen, wurde von
[ Kauffmann, N Saervold, I' hristiansen & § D Henrthsen 1950 he
schirieben, wahrend emne hicrvon abweichende spectes § Taolacl 1
Jahre 1956 von I I e Mnor, I Darrasse & R Mazaud publizicrt wurde
Die scrologischen Unterschiede zw tschen diesen beiden spectes hontin
durch folgende FormdIn ausgcdruckt werden

S bergen = 471, 47,
S laolach = 47, 473

Zur Dignose theser herden O Untergruppen sind also 2 Fikfor Seren
47 und 47x notwendig und werden dureh Absorpiion der O Scren von
S bergen mit S 1aolach, resp von S haolach mit S bergen hergestedit
Absorbiert man dicse O Seren in der Verdunnung 1 2 oder b5 soer
halt man iktor Seren, mut denen man hereifs in der Objckigis 4¢
glutmation dic Differentnl Dignose stddlen hnn Auf diese Wene
wurde festgestodit, dass foigende 2 speetes zur 471 47 Untergruppe ge-
lhoren S bere und S bergen

Im Gegunsatz hrcrzu gehoren folgendce 11 speeics zur 471, 471 Unler

gruppe

S bilthoven S phocmr
S bootle S quimbamba

S Taolacl S quunhon
S luke S saka
S lyon S lesfue

S monni pleasant

Ferner gehort zu dicser Untorgruppe 47, 475 ane 1m I thre 1‘) ;8_\1)11
J Taylor erhalicne hultur son 8 bergen it der Formd 47 4/:_!
¢nzi. dic also dis H Antigen der ongmden S bergen hultur = 47
17» 1 enzis besitzt In Warkhiehkert handdt «s <ich ilso hicrher um
eine netie spectes, doch wurde sie s S pergen buzeichnet da im
hanffmann Whilte Schema die berden O Untergruppen mcht ngpeben

sind (siehe Tabelie 6)
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type (Salmonella b =,

in aer saen

hauffmann F & Deom J 4 new.
f i et

a1 4oz 1300

Minor L Le, Darrasse,H & ‘azaud R _“Un nouveaul sérotype de Salmonella
S Raolack (47 z-16) Anmal Inst Pasteur, 91 100, 1956

Oye E van Vassiliadis, P, Janssen, P & Looy G van “Une nauelle Salmonella
1solee au Congo Belge § bukava (140 1226 15)” Annal Inst Pasteur, 96
370, 1959

Wathins J F Douglas S H & Taylor,J “A new Salmonella serotspe (Salmonella
deversowr) 150lated from human faeces” Internat Bull Bacter Nomenclat &
Taxon, 5 5,1955
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zeigen, enthalt diese spectes emen stark entwickelten Sonderfaktor Fur
die prahtische Diagnose aller, dieser Kullurcn genugt aber cin poly-
valentes O-Serum von S deversoir + 8 dugbe, daim l\'au[fmann-“'luf't-
Schema auf die O-Untergruppen heine Ruchsicht genommen st

Innerhalb der O 47-Gruppe gchtoren zur 471, 47_-Untc rgruppe § bergen
und S bere, wahrend zur 471, 47;-Untergruppe (S Aaolack) 11 species
gehoren Mit Hilfe von 2 Faktor-Seren 47» und 475 konnten alle Kulturen
ohne Schwierigheiten i eme der O-Unlergruppen emngefugt worden
Zur Diagnose dieser Kulturen in der Prats wird en polyvalentes O
Serum von § bergen + S Laolach henutzt

I ser aber betont, dass in speziellen, epidemiologisch wichtizen Fil-
len aie Differential-Dingnose zwisclien den herden O-Untergruppen
dieser 4 O-Gruppen gestelit werden sollte Es hommen namlich Kultu-
ren \or, die zwar dassclbe H-Antigen besitzen, aber zu 2 verschiedenen
O-Untergruppen gchoren So besitzt zumn Beispeel der origmale $ bergen
Stamm die Antigenstrnhtur 47, 472 t ¢,n,215, wahrend eme spaicr ge
fundene ,,§ bergen*-Kultur die Tormel 474, 475 1 ez, hat, also m
Wirkiichkent emne neue spectes darstellt Obwohl wir also 1m allgemeinen
eine Veremfachung der serologischen Diagnose, unter Fortlassung der
O-Untergruppen, empfehlen, so wollen wir trotzdem dic Moghehhert
cimer weiteren Differenzierung micht aus dem Auge verheren und m
speziclien Fallen cine genaue Bestimmung der O-Untergruppen vornch-
men

Zur O-Gruppe 28 gehoren asher 42 spectes, zur O-Gruppe 10 gehoren
23 spcetes, zur O-Gruppe 45 gehoren 11 species und zur O-Gruppe 47
gehoren 13 species

ZUSAMMENEASSUNG

Auf Grund cmner naheren Untersuchung aller broher hehannten 89 spe-
ctes dur Salmonella O-Gruppen 28, 40, 45 und 47 ward uber die Herstel-
ung von Faktor-Seren zur Diagnose der O-Untergruppen sowie nber
die Anwsendung von polysalentcn O Seren in der Routme-Dingnose be-
richtct Im hauffmann-While Schema bleiben die O-Untergruppen un
berucksichtigt, sie sollen nur in hesonderen, (prdemiologisch wichtigen
allen diagnostizicrt werden

LITI RATUR

Collard P & Sen R Serotd pes of Salmonella at Ibadan N\igeria with special nole
of the new serc types 150lated in N\ageria J anf dis 106 270 1960
Darrasse H & Le Vnor I Nauvean type de Salmonella isole & Dakar  Bull Sce

dc Pathol exotique 48 153 1955
5 DD Maran 4 B Watt J & DeCapito Th Fight new Salmenedln Types
1950

r S abortus borss S sehleisshom sonde
cund $ telat  Acta path <t mcrobiol

dinay I/ 1 1a4v
o Jgupplement to the hauffmann White Scheme (1) tcta path

Rauffmann F (2)
“ fet microbol seandinay 35 411 1959
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Minor L Le Derrasse H & Ya aud R *Un nouveau sérotype de Salmonella
S kaolack (47 z 16)  Annal Inst Pasteur, 81 400 1956

Oye F van Vassiliadis P Janssen P& Looy G tan “Une nowelle Salmonella
1solee au Conge Belge S bukara (1,40 12:2 15)" Apnal Inst Pasteur, 96
370 1959

Wotkins J F Donglas S H & Taglor,J *A npew Salmonella serotype (Salmonellz
deversoir) isolated from human facces® Internat Bull Bacter Nomenclat &
Taxon, 5 5 1953



BRILCF REPORT

ANTI Gm MOTECULT S WITH DISTINCTLY DIFFFRFNT
PIYSICOCHFMIC AT PROPERTIES

By I VMdrlensson

Difterences n the serological properties of two anti Gm (b) sera® were ol served
(Mirtensson to he published) They were therefore selected for mestigabon by
DFAE cellulose chromatography and by density gradient ultracentrifugation Both
these scra were negative 1 the latex and the Waaler Rose tests

On DT AL eHulose chromatography (using mncreasing concentrations of \aCl bul
fered to pH 72 by Sorensen buffer as eluent) the ants Gm of serum no 1 was eluted
1 the first peak of the chromatogram This peak cantains the bulk of the 7S v glo
bulin The 1soagnlutinins of the same serum were efuted In Jater fractons

The antt Gm of serum no 2 was eluted towards the end of the chromatogram to
gether with gnfer alia the greater part of the 1soagglutinins

The same two sera were also subjeeted to density gradieat ultracentrifugation
through a sucrose gradient The antt Gm (b) of serum no 1 was found 1n fractione
from the middlc of the tube where the Gm () actnity was also localized The Gm
(a) faetor 1s assoctated with 7S y globalin but nnt wath the 19°S y MDD or the
YIA(B_A) globulins (see eg Grubb 1959 Vdrtensson 1961 a and b Fahey & Lauler
1961 Ifarboe et al 1962 Fran!lm et al 1962) The anti Gm (b) of serum no 2 was
found close to the bottom The Gm (a) activity occurred in middle fractions well
scparated from the anti Gm (b)

In these experiments the antt Gm (b) of serum no 1 bchayved hhe the bulk of the
75 v globulin while that of serum no 2 bebaved as would be expected frem a 198
1M globulin

An insestigation of a larger number of anti Gm scra from beth healthy and rhew
matoid arthritic subjects by DIAF cellulose chromatography and by density grad
1ent ultracentrifugation 1s 1 progress and will be pubhshed together with a study
of some scrological characteristics of the same sera
Referepces 1 Iahey J I & Lankr S D [Gm factors in normal y globulin frac
fions mycloma protems and macroglobulins] J Nat Cancer Inst 27 973 981 1961

¥ e < -t N R [The structural
N Sey

ba Foun

4 Grubb

Arthntis

and Rheumatism 4 195 202 1961 —~5 larboe M ustertina ¢ n « na el If 9
[T ocalizttion of two genetic factors to different arcas of y gisduhn moleeules!
Seyence 13€ 970 980 1962 6 Mdrfensson I Gm characters of M components 1n
Studics on abnormal serum globulns (M camponeats) i mycloma macre globn
linerma, and related discases  Futed by Laurell € B & Waldenstrom J - Acta med
Scand {70 supdl 367 87 93 1J61a 7 Wdrfensson L [Dnirmbution of (m spe
esficrties among the gamma globulin mclicules  Trans Medical ¥Miercbiolagy vy
s1on of the Swedish Medical Societs 1961 b in Acta path et microliol <canthinas
5% 343 1962~8 Mdrtensson L to be published —9 Ropart € {U¢s groupes sért
ques Gm Ftat actuel de Ia question] Rev frane étud chin «t bick 5 933 445 1960
10 Steinberg A S Progr Med Geneties [T 1 1062

Recened 231x €2 from the Department of Biology (Dr A G Stemnberg Prefessor
of Biologd ) Western Reserve University Cleseland Ghio TS A

* For bibliographweal information for the Gm ssstem see € g the Feviews by (srubl
1961 and Ropartz 1960 and Steinberg 1972
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INFECTIOUS MONONUCLEOSIS WITH MULTIPLE
QRGAN INVOLVEMENT COMPLICATED
BY PSEUDOMEMBRANOUS LARYNGOTRACHEITIS
An Autopsy Report

By
Jacos B Narvic
Recerved 1v162

Infectious mononucleosis 1s a benign disease characterized by certain
chinical, haematological and serological findings (1) While no single
finding 1< diagnostic  a positive Paul-Bunnel test (heterophile antithody
determination) wath absorption is regarded as the most certain esi-
dence of imnfection {10), although sero-negalire cases have heen re-
ported (1)

The mncidence of the disease appears to be inereasing (26), and 1t shll
presents many problems Although Listerella monocytogenes has heen
isalated from patients with nfectious mononucleosis 1t has not been
proved to be the aetiological agent (3) The disease 15 probably of virus
actiology, and the virus may belong to the myxovirus group De Meto
& Walker (5) have reported that these patients show a rising titre of
antibody to both the Sandar- and Newcastle disease sirus It has been
suggested that transmission 1s by “mtimate oral contact”, and that the
wmfccting agent enters through the mucosa of the rhinopharynx (21)

Lake the antibodies found in virus diseases the heterophile antibodies
present i this condition are S 19 gammaglobulins (16), and they also
fave othier properties m waith viral hodies (15, 2;)’ The
relative or absolute lymphorytosts also suggests that mfections mono
nucliont 1s a virus disease Howetver, nobody has sucteeded n solating
:lhp cauﬁuin\cT;rganlim or in transmitting the disease to anmals or

umans (4) ¢ most recent eprdemiology
19) Hobson el al (33), and Le[l:mr 21) sl studies ae those of Evans

Fow patients die

of mfectious mononucleosis Bennih,
4 e {1 1
33 cases, 28 of which had heen autopsied However, ) collucted

only 135 of o
cascs had heen fully examined both macro- and microsconieally q“‘elsl
of these ' * na g

autopsy
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reporled 1n recent years (2, 8, 18, 22, 26, 27) Six of these were autop
sted, of which 4 were serologieally verified Due to the scareity of au-
topsy reports the present case may be of interest

CASE HISTORY

A 17 year-old girl of healthy family and without preyious sertous illness was
admilled to hospital an Feb 19th 1962 The tentatre diagnoss was infechious
mononucleosis About ten davs earlier she had devcloped a <ore threat with local
glandular swelling and fover and her tonsils were covered with gres necrotic mate
rial On admission there was generalized glandular swelling The blood showed an
absolute Ivmphocytos s, and some *atvpical imphocytes® were present Anaemia
descloped and on Feb 26th sudden cardiae and respiratory arrest occurred The
heart beats returned following extrathoracic stimulation and immediately after
wards tracheostomy was performed She died 36 hours later

Serology Paul Bunnel test Positive titre 1/448  After absorption with herse
kadney titre 17448 After absorption with ov ervthrocvtes titre 47 Wasserman and
VMeiniche reactions Negative

Baclertology  Staphylococer were cultured from the fauces

Clinaeal d Infectious Teosis (acute leuhacmia® ehloroma®)

Post morlem examination The autopsy was performed at the Gade Institute on
Teh 27th 1962 9 hours post mortem There were some small blue peteechiae 1n the
shin of the trunk and txtremities The tonsils were large and covered by mem
branes Thich membranes covered the larvngeal mucosa from the epiglottis to below
the level of the tracheostoms The Iymph nodes in general were soft and enlarged
The spleen weighed 700 g It was extremely soft and congested with hlood The Iner
was also greatdy enlarged (2880 g) The lungs showed signs of bronchopncumonta
Ihere were to macrascopieal alterations in the heart gastrointestnal tract pan
<reas kidneys thyreoid adrenal glands hone marrow memnges or brain The serum
was of a greenish colour

Iistology  There was a marhed larsngotracheitis wath membranes of fibrin

lear- and polymorph i Ieucocites and mansy coccordal bactersa The
underlying larvngeal wall was ocdematous and infiltrated by Ieucacvtes (Fix 1}
1he 1vmph nodes lacl ed therr usual follicular structure and the lymphoid trssue
was Ivperplastic The sinuses were very wide and contained numerous Jarge cells
wluch showed leuco and ervthrophagoeytosis (Fig 2) VMany of the lhnmphocites
were of a large atypical hind i which the nucleus was coarsely granulated and
excentrie and the evtoplasm yacuolated (Fig 3) The splenic capsule was thin and
mfbltrated by mononuelear cells There was striking disorganisttion of the nermal
splenie structure the smusaides were very dilated and there was some terstiial
bleeding (1. 1) The cells were similar to those in the Jvmph nodes There Were
large collectinns of mononuclear cells around the small bile ducts wn the Iner
(Thg 8) The sinusoids were wide but no degeneratine changes were noted the
Iner cells and no fibrosis was mamifcst The ervthra and myelopotesis in the hone
marron was almost normal and normal numbers of megakaryeciytes were present
Howcver therc was a shight excess of conmnophilic cells In the heart adrenal glands
and hidnevs there was shight interstitial and pernascular menonuelear cell infiltra

tion There were no degeneratne changes m the cardiac muscle Loarse ecsime phthie

material was secn <ecastenally m Brwmans capsule The lungs showed alveolar
Ieucoevtic infiltration in addition

raticn Some of the small arteries
¢ surrounded by mononuclear eelly
of tigroid substanec

DIS{TSSION

The patunt had a severe anacmnn This 1 sery common in louk wmit
but rare In mfechious mononucliosrs The fulmmaling course also

pomnted to a malignant disease The heterophile intibods t
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Fug 3
Taryngeal wall Some ‘atypical Ivmphocvtes (Downey-Miehimlay cells) The same
cell type was found 1n all the organs imvolved (Haematoxshin and costn X 1400}
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Fig §
dins the le ducts No dege
ltration nf mononuclear cells surroun
b ::;ien?(c;mrn'g:: 1n the hepatic cells (Haematoxylin and eosm X 130)
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Lerehcllum  Arterial thich with ) of cells
The same type of lesion was also found in the cerebrum (Haematoxslin and eosin
)



356

"

Fuq 3,
Laryngeal wall Some “atypical” Lymphocytes (Donney-McKinlay cclls), The same
cell type was found an ali the organs imolyed (Hagmatoxshin and rosm, X 14000
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Fig t
spl Widely distended sinusoids, the remains of a Malphigian corpuscle and
pleen Wadels Qs eeding. (Haematoxylin and eosin, X 35).
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The skin mamfestations were not mestigated further, petecchial
haemorrhages (23) and other exanthemata (28) are hnown to occur
n nfectious mononucleosts

The serum 1n thys patient had a cutiously green colour and the serum
bilirubin was elevated (total birubin 4 6 mg 100 mi) As 4 3 mg/100 ml,
1¢ 93 per cent, of 1s helonged 1o the free {raction the rive was mainly
m the “prehepatic” hilirubin, of hacmolytic ongin (31) Howeuer, the
direct Coombs’ test was negative and no free atypical antibodies were
found n the serum The cold agglutimin titre was elevated, as it w
some virus diseases The green colour of the serum may be due to the
production aof bilnerdin and erdohaemoglobin-fractions as a result of
the haemolytic syndrome (31) There was no excess of wron (Berlin blue
stain) 1 the spleen, lymph nodes or bone marrow This may be due
to the very short duration of the haemolysis Haemolytic syndromes are
rather rare in infectious mononucleosis, hut such cases do exist and
have been reviened by Houk & VWcFarland (14) Thewr mechanism 1s,
however, not known but Erwin ef al (8) quote 3 theories on the sub-
Ject In pabients with mfectious leosys the ser il i a-
lacetic-transammase (SGOT) 1s elevated, probably due to damage 1o
the hepatic cells (20) In this case the SGOT level was 370 units (nor-
mal up to 40 units) The patient’s slightly elevated serum alkaline
phosphatase might be due to compression of the intrahepatic bile ducts
bs the cellular infiltrates (11) Electrophoresis showed a low albumn
fraction and a peak 1n the gammaglobulins Similar findings have been
described 1n infectious mononucleosis by Benmle (1)

The serological findings m the case were typical of infectious mono-
nucleosis The Paul Bunnel titre was high It did not fall after ahenrn.

s USRI LUUSILILL positine Teactions hase been desenbed in mnfec.
tious mononueteosts (32)

CONLLLSTON
The author reports a fatal case of infectious m

ononucleosss 1in which
irrr;lth the pathofogical and serological findings support the Miaonac ~
e

strat

aftk - ¢ v sssaauon 1 the
Uu_nm\ test Thas has been demonsirated
:h) In the present case multiple orga

presence of a positine Payl-
previcusly by Aass & Robbins
1

N Italiemant ¢

« sssgligottachetys and
moma Laryngeal obstruction due to ovedema sprcadl:g :)::r:c:]}?é"t‘cu-
on-



338

was more suggestive of the diagnosis of infectious mononucleosts Thus
the diffcrential diagnosts hetween those two conditions hid to he
further investigated at antopsy

In this case the bone marrow was pleomorphie and of 1 ilmost nor-
mual aspect This 15 a usual finding i infectious mononucleoss, but it
15 ncompatible with the duagnosis of aente leyhaerm: The hone mar-
row also showed a shght excess of cosmophilic eells Tosinophilin m
nfectious mononucleosts has been restewed by hauffman (18) The
picture m the Inver was essentially that of an acute hepihibs Mono
nuclear eells weie found n the perportal tracts and i the sinusoids,
hut the purenchs ma was intact and there was no periportal fibroblastic
proliferation Penportal mfitration may be sten both m acofe W
kaema and in mfectious mononueleosts How ey er, m the present ense
lymphoey tes predommated @ the hver, spleen and {ymph nodes and
also m the perivaseular and terstitial infiltrations the other organs
Many of these were hike the large “atypical Ivmphoey tes” described 1n
mfcetious mononucleosts by Downcy & MeKinlay (6), and recentls
studied under the electron mucroscope by Peagle (23} The greathy <n
larged, soft lymph nodes and disorgamized splenic reluteeture, with
wadely dilated smusewds and diffuse infiltration of mononucleir cdlls
in the pulp, trabeculac and capsule, are typical of the findimgs m in
fectious mononucleosis (7, 29) In addition large histiocy tes of the type
found n the Iymph nodes and spleen n the present ease hane been
described previously m patients with infectious mononucleoss, (18)

TABIF 1
Laboratory Findings

Tisls Besults

1 Serum bilirubin 46 mg/1p0 ml
1rec fractron 4 3 mgf100 m!
Congupated fraction 03 my 1gd ml

2 Scrum alkaline phosphatasg 4_5 (Bodansky unitsy

¥ Serumplutamic oxalacetic transaminas 160 undte

4 Scrumprotans 584 100 ml
ilbamins 1747100 ml
Gamma globulins 21 g 166 m?

5 Iirect Cuamb s test nesating

& Indircet Coomb s test and papan treated ocdls ncbn(l\ln -

lutination titre at 4 2
7 Cold agglul R,

1 he memingoencephahbis secn m this case s well hknown m infectious
mononucleosis (2) but very rare n acute leukaani:
The mfilfrates fouad w the teact, ddncs, tungs, wad adrenal glnds

are also compatible with the thignosis of infectious monontcleosts (8,

12)
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Swedberg B Mononucleosss infectiosa nigra reflexioner 1 anslutnmg Gl tre
fall med tvA dodsfall Svenska lelartidn 56 2403 2415 1959
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sils mto the Liryny s wadl known i infcetious mononuelcosts (29, 30),
and pscudomembranous phiryngatis s not rarc (18, 28) Howerver,
there 15 no pravious reecord, m the availblc literature, of pseudomem
hranous larvngotr whettis eausmng death m mnfictions mononucicosrs

RIFIRINCYS

1 Benmike 7 Studier cver Ieveraffehtionen ved mone nucleesis anfectiosa g nogho
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7 Douney H
nucleo

8 Frunn W
nuclec

9 Evans 4 S Infectious mononucleosis in University of Wisconsin students Am
J Hygiene 71 342 362 1960

0 Eyquem A Sérologre de Ia mononueldose infecticuse Nouy Rev Franc Hae
matol 1 313 323 1961

1 Futferwert W Serum all aline phosphatase activity 1 infectious mononuclen
sis Arch Int VMed f0% 253 268 1961

2 Hemecler R & 7ipf A E Herzbetethigung ber anfektiosen Vlononukleose
Munch Med Wschr 2382 2386 1900 IT

3 Hobson I' G Lausen B L S Wajfield M
Brit Med J 845 852 19381

4 Houh ¥ N & VeFarland W Acutc autoimmune hemolstic anemia comg lica
ting infeetious mononudeosis J Am VMed Ass 77 210 212 1961

5 Hopt R F Morrison I M & Ietine M G The nature of the hemagglutinating
agent nated n the blood serum of patients with viral hepatins J I ab
Chn Med 58 104 106 1961

6 habat E 4 1 kabat & Yapcrs Txperimental immunochcmistry Charles €
Themas Springficld Mhneis 1961 2 edthion 3 327

17 Aass F H & Robbins S L Severe hepatitss in infectious mononucleoss Arch

Path 50 644 (53 1950

18 A uba A Vi hiehy J & Sramlova I Letale [alle van infekticser M nenukle
ose Vireh Arch Path Anat 33§ 173 180 1961

9 Aeuffmann B F  Fosmoephiha 1n infectious mononucleosus
219 206 208 1950

20 Tanrsen T laber V & Hansen ' F

es n infecticus mono

mn infections mono

Glandular fever a field study

Am J Mdd Ser

Serum glutamie puruvie transaminase 11
Yo Bull 840 42 1961
se infechieuse Nouv Rev  Tranc

2

22 ro e gasha komplyl ationer Svensha

23 ¢ leucountes in anfectr us mon

2 . tsen [T Chromategrafic characte
glutimns J Iab Chin Med 5%

218 267 1961( )i § J Hemorrhagic ph na in infecttous mon
her I R arcay emor ¢ phenomel u o
» Scmmr::ilcems Am J Med Sei 233 175 182 1962



g ¥ 2 5 8

361

Strom J Tofech us moncpuclensis—1s the incidence increasing? Acta Med
Scand 168 3a-39 1960

Swelberg B Mononucleosis nfeetiosa nagra tefless ner 1 anslutning till tre
fall med tvd dodsfall Svensha lehartidn 56 2409 2412 1929

Thomsen S Studicr over mononucleusis nfectinsa paa basis af 349 tilfwlde
Thests Munksgaard Chopenhagen 1942

Werper W Zur Pathologie der M nopucleosis infectiosa Virch Arch Path
Anat 326 155 171 1954

Winther F \onnnucleosis snfectiosa ¥ 1 kort mversikt Tudsshr norshe legefor
87 446 118 1962

Wintrobe M M Clinical hematology 1ec and Febiger Phuladelphia 1961 5 e
tion p 178 and pp 1107 1119

Zarafonetts CT D & Rent J F Serological tests for syphilis an infectious
mononucleosis J Lab Chin med 43 203 258 1924




INSTITUTE FOR FAPFRIMFNTAL MEDICIN} UNIVERSITY OF COPF\HAGF\
71, NORRE ALIF, COPENIAGEN O DENVARA

RENAL HYPERTENSION IN RENIN DEPLETED RATS

(Relation between Renal Remin Content and Hypertension 11}

by

Jins Brng
Recenved 271162

Overdosage with sodmm retaining corticoids and st 15 known to
producc ncrcased blood pressure and deerewed repal renm content
m dogs and rals (Bessinger & Wakerlin 198, Sevy & Wakerhin 1933,
Gross & Sulser 1936, Gross 1960) In most cases the merease 1 blood
pressure s shght compared with the more marked hypcrtension in am
mals with partial constriction of the renal arteries It s therefore of
interest to myestigate whether renal hypertension can develop in des
axycorticosterone and salt treated antmals with renmn depleted hidneys
Apparently such studies have been performed only by Sevy & Wakerlin
£1953), who found developmen! of pronounced hy perlension after renal
artery constriction 1n three desoxycorticosterone acetate treated dogs
i which the renal 1enin concentrafion was reduced Thev concluded
that thas could be interpreted as evidence agamst the reni hypothens

The object of the following experiments was primarily to determinc
u hilateral partual constriction of the renal arteries produces the same
degree of hypertension in renin depleted as in normal rats, and secon-
dartly to study the effcct of the elamping on the renal remn content im
dcsoxycorticosterone and salt trcated rats In order to determine the
significance of the relation betwcen rcnal renin content and hy perten-
sion studies on the correspondence bclween renal remin content and
renin rclease were required  As the renin releast cannot be determmid
directly an esttmation of the rddcase was attempted by comparing the
mtensity of the blood pressor response to renin in umlateralis clamped
rals after removal of either the clamped remin-rich or the untouched
renin-poor kidney the rosults heing compared with the response of
hoth nortnal, non-nephrectomized nnlateralls chinped and nlaterally

nephrectonzed rais

Supported by grants from P 4 Brandts Foundation kg Christian \ s Foun

datsen and  Vordish Insulinformation

562
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MATEFRIAL AND MFTHODS

d
The matenial sncluded 66 alhino rats af swhich 18 wire untreated controls 10 ha
Dbilateral partial constriction of the renal arteries 24 were treated by subcv:‘n;"u‘
injection of 5 Mg microcry stalline Percartenc (Ciba) for about 4 months an  there
alter 25 mg per 100 ¢ body weight twice a wech and 14 were hoth treated it
Percortene and operated with unior hilateral elamping of the renal arteries While
the first (wo groups {which were ncluded 18 a presfous publication (Bing 1962))
had water the last two graups recencd 09 per ecot saline solution as drnking
flud The hormone and salt treatment was started when the rats were about 1 1%
months old In addition a further 34 fcmale alb no rats were emploved to study
the responsiveness to intravenously 1njected renin

Hupertension was induccd by the mithod of Byrom £ ¥ dson (1938) Bload pres-
sure determinations were made with the pletysmagraphu apparatus described by
Wuliam Harrison & Grolimonn (1939) either without anaesthesia or during re
wvers from a light ether anacsthesia

The hidnevs were frozen and thawed three times as deseribed by Haas Lamfrom
& Gol iblatt {19a4) The extracts were prepared 1n glass homngenizers after dilution
1 the minced trssue with exther 4 or 9 volumes of 09 par c#nt sodivm chloride Affer
hcmogenizatian the extracts were stored for about 18 hours at 4° C with a small
amount of toluene and centrifuged The supcrnatant was gencrally diluted further
before beink used for (he assay

The renin assay was pcrformed by delermination af the pressor response to in
travenous mycetion of the extracts i anaesthetized female rats weighing 160-180 ¢
wsng Ahe Tethod of Sheggs hobn & Uarsh (19333 The test rats wece pretteated
With 000y mg ergotamine lartrate The pressor respense was compared with that
of a standard renin preparation each extract bemng tested at last i duplicate 0035
ml of the standard remin diluted 1 to 100 with 09 per cent sodium chloride, was
tahen as equiralent to 1 umt of remin actiats The renal renin concentration was
<aid to he 100 per cent of the normal if 605 ml of 1 n 120 dilution of the homo
genate gare the same pressor response as 00> mi of the 1 per cenl standard renin

silution To this dose most of the test rats respanded w th increase tn bloed pres
<ure of about 12 mm

RFSLLTS
1 tontrols
The 18 untreated controls, hept in our animal house for about the
same time as the hormone treated rats, hid a blond pressure usuatly
m the range 80 and 140 with higher values tmaximally 180 mm) 1n a
fuw anstances The relative heart weight (10 per eent of body weight)
w1sn gl eases within the normal limits from 0 25 to 0 33 per cent
The rennl remn concentration was about 60 per cent (dispersion 30 to
125 per cent) of the “normal rentn content” of rats killed immediately
on recapt from the dealer (Fig 1 A) The decfease in remin conlcn‘l
mas be anandication of a hormonally conditioned stress reaction to the
handling of the rats The fofal amonnis of remin i one Lidney was
found to be hetween 730 and 2500 units (Frg 2 4) )
2 Effects of Bilalcral Clamping
Blood pressure 6 of the 10 ilateral)
(F12 3 A) with imcreasad relatine he.
per cent In the other § rats with |

s clanped rats were iy pertensiye
art weight 1 the range 032 to 0 48
bilateral partial constriction of the

I express mv thanks to a Ferrosan
and i
plied me with Perecriche Renin and "epar:’n r’;:;e:‘l’l‘:’:‘,:mt("“‘.ﬂ’ for having e




num
ber A Control

520 s 100150 200 per cent
B Blateral clamping

100 150 200 per cemt

& DOCA + Salt

520 % 100 150 200 per cent
D DOCA + Sait + Bilateral clamping

1 1 (]
50 0010 X0 B0 per cent
Fig 1
(] Nighter and @ heavier of the two kidneys
umlaterally clamped hidnes mn presiously umlaterally nephrectomizad rat
The abscissa gives the renal remn concentrafion \n per cent of the average value
found 1n normal rats hilled upon arrival at the institute The changes of scale should
be noted The ordinates pive the numbcr of rats 1n the different groups The control
rats (A) which werc kept at the mstitute for the same time as the following groups
had about half the *normal* content Bilateral ddamping most often resulted mn a
decreased remin conecntration in the heavier and unchanged or shghtly anereased
value 1n the hghtar of the two kulnevs (B) Treatment with desoxscorticosterone
wctate and salt produced the well known pronoeunced decrease in renin concentra
tion (C) Bilaterally clamped DOCA plus salt treated rats showed the same extre
mcly low renin concentration m the heavier and most often a subnormal to nermal
«cncentration an the Lighter of the kidncss In unilaterally nephrectomized rats
helonging to this group the renin concentration was extremels low (D)

20

renal arteries the blood pressurc remamed normal (Ing 6), but three
of these ammals had mcereased heart weight (from 0 39 to 0 48 per cent)
and hypertensne vascular discase, the fourth showed loss in weight,
a relative heart weight of 032 per cent, pareses and hypertensive vas
cular disease and died 12 days after the operation, so that oniy a few
blood pressure determinations could be performed The rentn concen-
tration was normal or shightly increased 1n one kidney and normal
or decreased m the other, the higher concentration occurring usually
n the hghter kidney (Fig 1 B) The ralio between the concentrations
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Fig 2
W normotensne _1 hypertensine

~ ynilaterallv nephrectomized hyper
tenshve Tats

in the two hidneds which ss normaily n the range 1 1o 1 5 had increased
(from 1 6 to 88) 10 all but one case These changes were found in hoth
normo- and hypertensive amimals The (otal amount of remn measured
per hufney vamed bolween 1101 to 3100 units 10 the hadney sath the
tugher remin content, and between an undctectable leve) and 1560 unsts
i the fadney with the lower renin content, whilst the total renin con-
tent 1n bolh kidness was in the range 1300 to 3400 umits (Fig 2B)

4 Lifects of Desoxycarticosterone and Sall Trealment

Tn 38 rats wiiech had heen pretrealed for 21, months and were con-
tinuously treated wath desoxyeorticasterone and salt, the blood prestuce
ws fallowed every second day for about 3 weehs After this period of
tme 13 normotensine were chosen for the operation of partial con-
striction of the renal attenies (Fig 3 Ry, The hovmene and salt dreat-
ment of the

2 23 rats was

d for up to about ¥ months
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Fw 3
Bluod pressurc before und after clamping of left (L) and riqht (R} renal arlery
normal (4) and desoxyeorlicosterone acetate and salt treated rals (B) The treat
munt of the animals 1n groups B was started about 3 months before and continued
after the damping The peints indicnted with an arrew mark the upper imat 250

mm Hg, which could b measured wath the method used
It 15 clearly scen that the amimals of both groups respond by exhibiting renal

hypertension and that the blood pressure curves are significantly different from
those found 1n DOCA plus salt treated rats with untouched renal arterses (fig 4

A and B)

Of these 25 rats 6 were complctddy or nearly normotensive, 7 had a
shight (Fig 4 4) and 12 a moderale hypertension (Fig 4 B) The blood
pressures of these two groups of 13 and 12 rats are given n two figures
(Fig 4 A and B) 1 order to show that the amimals which had a norm
or shghtlsy devated blood pressure after 21, to 3 months, continued to
have such rather low values Similarly the antmals which started waith
Iugher blood pressures in most cases continued to exiubit blood pressure
1n the same range It should be noted that the values are sigmificantly
lower than the pronounced hypcrtensive values found in the renal
hypertensive rats mentioned proviounsly (Fig 3 A)

The relalwe heart wetght was found to be normal or shghtly n
creased, the average value was ¢ 39 (range 035 to 0 43) per cent in the
group with the lower blood pressure (I'tg 4 A} and shghtly Ilugher,
about 042 (range 037 to 053) per cent, n the group with the higher
blood pressure (Fig 4 B) The only excephions were two anacmic am-
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mals with heart weights of 0 47 and 0 61 and hacmoglobin percentages
of 68 and 76 per cent, respectively

s some of the amimals died spontaneoush determinations of the
renal renin concentration could he performed i only 18 of the hormone
and salt treated rats, which were hilled from 1% to 8% months after
the start of ihe treatment In ail of these 18 amimals the renin concen-
tralion was found to be extremely low Most of the results obtained
ranged hetween 2 and 4 per cent of the normal value, while tn two
smgle nstances values n the ranges 4 10 5 and 5 to 6 per cent were
ricorded (Fig 1€) The concentrations m night and left kidness were
usually 1dentical, giung a ratio of 10, though n two cases a ratio of
20 was found In 6 hidnevs from 5 of the 18 rats the renin concentra-
lien was so low that 1t was undetectable by our method, which means
that these contamed less than 2 per cent of the “nermal” content No
connection was found between the duration of hormone treatment and
the pereentage amount of remin n the hidneys

The weigh! of the hidneys had n all cases sigmificantly mnereased
ahove the normat values, which was noted both by direct determination
and by calculation of the relatine weight Normally the weight of one
fudney 1 amimals of thise sizes amounts o 0 25 1o 0 40 per cent of the
body waght, but in the hormene treated animals the values represented
from 0 45 to ncarly 0 8 per cent, the lughest weight for a single kKidney
was 24 g, found in a rat weighing well over 300 g Although the increase
n renal weight 15 pronounced, 1t 1s small as compared with the marked
decrease in renin concentration The values for the fotal amount of
remn per hwdney are low, ranging from undetectable amounts to a
maximum of 190 units 1n one hidney, compared with 730 to 2300 unite
i single hidneys from control rats The lotal renin content of both
Aulneys was in all cases less than 400 umits (Fig 2C)

In four rats which were unilaterally nephrectomized 1t was found
that cessation of the hormone and salt treatment for four, eght, tnelwe,
and eightecn davs did not influence either the high weight, or the low
Temn conlent of the remaining kidney

3 Effects of Parlial Constriction of one or both Renal Arfertes m
Remn-Depleted Rats

Ihe efTects of partial constriction of one or hoth renal arteries were
studied in 14 rats 10 of which had both ren 1 arterses constricled, the
remunmg four haang had the left renal arfery constneted and the

fIght hidnes removed  As mentioned ahove these rats were chosen fry
the hormone and <t treated rats which we e
14 cnes) to 7 months treatment In 10 of {
rosultad i a sigmificant inere e n the
g 3 B) similar to those seen after the
tFIg 3 A) and differem From those obt.

re normotensine after 3
he animals the operation
blood pressure with curies
same operation on normal rats
ained 1n non-operated hormone

T —
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Blood pressure before and after clamping of lefl (L) and right (R) renal artery m
normal (4) and desoxycorticosterone acetate and salt treated rats (B) The treat
ment of the amimals 1n groups B was started about 3 months before and continued
after the clamping The points indicated with an arrow mark the upper hmit 250
mm Hg, which could e measurcd with the method used

It 15 clearly scen that the ammals of both groups respond by ¢xhibiting renal
hypertension and that the bload pressure curves are sigmificantly different from
those found m DOCA plus salt treated rats with untouched renal arteries (fig 4

A and B)

Of these 25 rats 6 were completely or nearly normotensive, 7 had a
shght (Fig 4 A) and 12 a moderate hy pertension (Fig 4 B) The blood
pressurcs of these two groups of 13 and 12 rats are given in two figures
(F1g 4 A and B) 1n order to show that the animals which hd a normal
or shghtly dlevated blood pressure afier 21, to 3 months continued to
have such rather low values Simuilarly the amimals which started with
higher blood pressures 1 most cases continued to (xhibit blood pressurc
n the same range It should be noted that the values are signifreantly
lower than the pronounced hypcrtensive values found n the renal
hypertensine rals mentioned previousiy (Fig 3 1)

The relative heart wetghi was found to be normal or shghtly in-
creased, the average value was 039 (range 0 35 to 0 43) per cent 1n the
group with the lower blood pressure (g 4 \) and shghtly lugher,
about 042 (range 037 to 053) per cent, 1in the group with the igher
blood pressure (Tig <+ B) The only exceptions were two aniemte am-
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increased relative heart weight of 056 per cent and hypertensne vas-
discase

cu?}:c renin concentralion was determned 1 13 of the 14 hormone and
salf treated rats which had one or hoth renal arteries constricted 10
of these ammals had bilatcral renal artery constriction In these the
e concentraton 1 the heavier of the two kidneys (Fig 1D) wasin
the same low range as were the values obtamned from non operated,
hormone and salt treated rats (Fig 1C), most of them being below
the threshold of the method The remn concentration mn the highter of
the tno Xidneys (Fig 1D) was distinctly higher than the values in
corresponding hidneys from the non operated hormone treated rats
(Fig 1C) and was on an average lower than those found after renal
artery constriction 1n otherwise unireated rats {Fig 1B) The ratio
between the concentrations in the two hidneys was abnormally high
from 35 to 214 In the remaming 4 rats the nght hadney was removed
three days after clamping and 1 no case did 1t contan detectable
amounts of remn These ts are not ded m Fig 1D,
which shows only the values obtained from 3 of the 4 remaining kid-
neys of the unitaterally nephrectomized rats, as the fourth anwmal died
spontaneously and no autopsy was performed The renin concentra-
tions of these 3 kidneys, which were removed 114 to 2 months after the
artery constriction were 1n all cases low, being * below threshold”, 14
and 7 per cent, respectively In all four cases the relatwe weight of the
right Ridneys, which were remosed, were high values characteristic of
desoxycorticosterone and salt treated rats, namely 0 43, 0 47, 0 53 and
059 per cent of the body weight It 15 of nterest that although the
renal arteries were partially elamped the umlateral nephrectomy pro-
duced a further “compensatory * hypertrophy of the remaming lidneys,
resulting 1n such lugh relative werghts as 074, 12 and 12 per cent,
with corresponding ncreases 1n the kidney weights m grams since
there was hittle alteration in the body weights

The results of determunations of the tofal remin confent in the two
hidneys of the ten hilaterally operated rats and in the remamng hid-
n‘t,w 1 three of the four unilaterally nephrectomized rats are gwen m
Fig 2D It 1s seen that while most animals, m¢luding the three with
un‘llnh“rnl nephrectomy, had significantly decreased alues, a few had

creased value The figure

R three apparently normo-
that of the hypertensine
LRILY
5 Relation between Renal Remn Content and Respo.
nsive,
venously Injecied Renwn " ness Lo tnlea

The degree of response to a standard dose of renin was studied 1n the
many normai rats, which served as test ammals in the above mentioned
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15 davs

Fig 5
Blood pressure of two groups of desoxpeorticoslerone acelate and salt freated rals
the cures starting about 3 months after the trcatment was commenced The first
group (A) presented normal or shghtly increased and the second (B) significantly
increased salues The fact that in hoth groups the values are fairly constant duning
many montlis shows that the pronounced mcrease n bload pressure following
clamping of the renal arteries i normotensie DOCA plus salt treated rats (f1g 3B
1s a real renal hypertension

and salt treated rafs 1fig 2 A and 2B) In accordance with this the
relative feart weight was higher, averaging 0 54 (range 0 51 1o 0 67) per
cent, when a single case of an anaemic rat with a value of relative heart
weight of 82 and a haemoglobin per cent of 82, was exeepled The
remaming 4 rals were all normotcnsne (Fig 6} One of these died
spontancously only a week after the operation Of the other three one
was hillcd about 8 weeks after the operation because of debility, pareses,
and twitchings of the head Autopsy shosed an nereased heart weght
of 0 62 per cent, pancreatic oedema, and hy pertensive vascular disease
The second which was hilled about 1% months after the operation,
was anaemie with a hacmoglobin per cent of 80, autopsy showed pan-
creatic oedema, a high relatnve heart weight of 0 63 per cent, and hy per-
fensn e vascular theease The last normotensise rat was ddnle and died
spontancously about 2 weehs after the operation, autopsy showed an
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increased relatne heart weight of 056 per cent and hypertensive vas-

lar disease
c“’I‘hc remn concentration was determined in 13 of the 14 hormone and
salt treated rats which had one or both renal arteries constncted 10
of these amimals had bilateral renal artery constriction In these the
renin concentration in the heavier of the two kidneys (Fig 1D} wasin
the same low range as were the values obtamed from non operated,
hormone and salt treated rats (Fig 1C), most of them bemng below
ihe threshold of the method The renm concentration w the lighter of
the two kidneys (F1g 1D) was distinctly igher than the values i
corresponding kidneys from the non operated hormone treated rats
(Fig 1C) and was on an average loner than those found after renal
artery constriction in otherwise untreated rats {Fig 1B) The ralic
between the concentrations n the two kidneys was abnormally igh ~
from 35 to 214 In the remaining 4 rats the right kidney was removed
three days after clamping and 1 no case did 1t contamn detectable
amounts of renin These measurements are not included 1n Fig 1D,
which shows only the values obtamed from 3 of the 4 remaming kid-
neys of the unilaterally nephrectomized rats, as the fourth animal died
spontancously and no autopsy was performed The remin concentra-
tions of these 3 hidneys, which were removed 15 to 2 months after the
artery constriction were in all cases low, being “below threshold , 14
and 7 per cent, respectisely In all four cases the relafive weight of the
right Adneys, which were removed, were lugh values charactenstic of
desaxycorticosterone and salt treated rats, namely 0 43, 0 47, 0 53 and
059 per cent of the body weight It 15 of interest that although the
renal arteries were partindly clamped the wmilateral nephrectomy pre
duced a further “compensatory” by pertrophy of the remaining hidneys,
resulting in such high relatine weights as 674, 12 and 12 per cent,
with corresponding increases in the kidney weights in grams since
there was hitle alteration 1n the body weights

The results of determinations of the tofal renin content m the two
hidneys of the ten ilaterally operated rats and i the remaiming kid-
neys in three of the four unilaterally nephrectomized rats are grven m
Fig 2D It is seen that while most animals, including the theea = ik

un latanal = 4
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tomized
Unilaterally clamped rats 1 nonoperated A after removal of the untouched krdney
£y after removal of the clamped hidney
The figure shows the relation between the total renal renin content and the respon
siveness lo wniravenously wnyected remin as measured by the duration 1n minutes
from the injection to the return of the blood bressure to its starting salte Sign
marhed with an arrow indieates that the starting value had not heen reached at the
tim¢ shown

Therc 1% an mverse correlation hetween the two values 1n all groups except the
Eroup having clamped hidneys Here the corredation did not hold in the majoerity

of the rats

determinations of the renal remin content From this 1t 15 evident that
the blood pressure in most normal rats relurns to ats starting pont &
to 15 munutes after the mtravenous mjection of renin When the same
dose was injected mto rats, which were nephrectomized 6 to 24 hours
hefore the fest, the rcsponse was higher and more prolonged as seen
m Fig 5, in which the duration of the response 15 plotted against the
total remin content of the test amimals (These determinations were
performed wath a standard remn preparation which was different from
the standard used 1n the previous parts of this work) Sinular studies
performed on umlaterally clamped rats after removal of the ehmped
kidneys showed that these rats, having a very low remn content reacted
with a stmilarly long response The figure also shows that unilaterally
n(‘phrcctmmzvd normal rats, which have about half the normal renin
content have a response duration intermedtate between those of normal
and nephrectormzed rats So far there 1s an inverse proportionahty be-
tween the renal remn content and the response {o mntravenously n-
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jected renin Studies on unilaterally clamped rats which were either
non nephrectomized or had the renin poor untouched kidney remosed,
however showed that these i most cases had a longer response hime
than non nephrectomized or unilaterally nephrectomized nonclamped
rats with symilar renal remn content

DISCLSSION

1 Effect of Bilateral Clamping on Renal Remin Content in Desoxycorli-
costerone Acelate and Salt Treated Rats

In accordance with the presiously mentioned studies treatment with
desoxycorticosterone acetate and salt was found to result in a pro-
nounced decrease 1 both concentration and total amount of remn, the
values being n nearly all cases reduced to less than 10 per cent, and
tn many cases below the threshold of determimation with our method
(Fig 1C and 2C) Clamping of the renal arteries of hormone treated
amimals resulted in the same marhed decrease 1n the renin concentra
tion of the heavier kidney as Gross & I ichtlen {1958) found m the un
touched kidney m unilaterally clamped rats In the highter kidnes,
howeser, the increase 1n pressor material found by Gross & Lichlen 1n
the clamped hidneys of DOCA pretreated rats was found 1n only a few
cases most of these kidneys having a lower renmn content (Fig 1D)
than the corresponding hidneys from bilaterally clamped rats which
did not recene hormone and salt (Fig 1B} Thus difference resulted
1n significantly lower values for the total amount of renin 1n the hor
mone treated group (Fig 2 D) compared with the other amimals (Fig
21B) It thus reasonable to believe that the extremely low values in
e heavier and the moderately decreased values in the highter kidnesvs
result from a summation of 1) the decrease found n both kidneys n
hormone treated rats (Fig 1C) and 2) the tendency for a decrease in
the heavier and an nerease n the lighter of the two hidneys found 1
Inlaterally clamped rats (Fig 1B) This view 1s supported by the very
{ow renin content which 1s found 1n the remaining clamped hidneys of
hormone ind salt treated rats after unilateral nephrectoms (Fig 1D
md 2D) the decreased values beng in accordance with recent studies
N Regalief al (1962) These workers showed that the mncreased remin
concenirabion n the umlateratly clamped hidney returns to normal
after removal of the untouched hidney Quite similarly the subnormal
:ﬂuu of our both clamped and hormone plus salt treated rats decreases

o extremels low vilues after umlateral nephrectomy

3

2 Relohion belween Renal Remn Content and Hypertension
1n the previous paper on the relation hetae

en renal renin content
" and
.r.l,:(.r.l.llllf.lfun_(mf'q,wc", it was shown that in the first 31, months

- Cane or hoth renal artenes the total content
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Normal rals @ nonoperated, () unilaterally nephrectomized O hilaterally nephree-

tomuzed
Unilaterally clamped rats (] nonaperated A after removal of the untouched kidney

£, after remasal of the clamped kidnesy
I'he figure shows the relation between the tolal renal renin content and the respon

stpeness [0 intravenously ingected remn as measured by the duration in mrnutes
from the 1njection to the return of the blood pressure to its starting salue Sign
marhed with an arrow indicates that the starting value had not been reached at the

time shown
There 15 an inverse correlation between the two values in all groups except the

group having clamped kidneys Here the correlation did not hold in the majorits
of the rats

determinations of the renal remin content From this 1t 1s evident that
the blood pressure i most normal rats returns to s starting point 5
to 15 minutes afier the mirasenous myeehion of yemn When the same
dose was mjected into rats, which were nephrectomized 6 to 24 hours
before the test, the response was higher and more prolonged as seen
n Fig 4, in which the duration of the response 15 plotled agamst the
total renin content of the test anmmals (These determinations were
performed with a standard renin preparation which was different from
the standard used i the previous parls of this work) Simlar studie

performed on umlaterally clamped rats after removal of the clamped
hadneys showed that these rats, having a very low remin content reacted
with a simularly long response The figure also shows that unilaterally
nephrectomized normal rats, which have about half the normal renin
confent have a response daration wtermediate hotweon those of normal
and nephrectomized rals So far there 1s an mverse proportionality be-
tween the renal renin content and the response to ntrascnously e
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plus salt treated rats Furthermore Qmae, Vasson & Page (1960 and
1961) have shown that while grafting of normal and clamped kidneys
onto 24 hour nephrectomized recipients results n a renin like pressor-
response, no pressor actinity is demonstrated when hidneys from DOCA
and salt treated rats are grafted Gross (1958) mentions some {un

published?} experiments showing a normal responsiveness In uni

laterally clamped rats after remosal of the untouched hidneys, and as
the clamped hidneys have increased renmn content this finding 15 1
agreement with all of the results mentioned above, making 1t probable
both that the response lo intravenously njecled remin depends on the
rentn release, and that the remn release follows the tolal remn content

The present experiments however, show that most of the unilaterally
clamped rats possessing either hoth or only the clamped hidney reacted
with a prolonged pressor response This result eannot be explained in
accordance with the above conclusions The reason for this exception
to what seems to be the general rule could be either that the remn
release 1s decreascd n clamped hidneys or that some unknown factor
prolongs the duration of the renin response in rats with clamped hid

neys In the present study on the development of renal hyperiension
m renin depleted rats it 15 of interest that rats with remin depleted
kidneys respond in the same way as hilaterally nephrectonuzed rats

Both the lack of correlation shown previously between the degree of
blood pressure elevation and the total sum of remin 1n the two Kidneys

and the present @ tration of the devel t of the same degree
of = 1% .

bu

ter .

Bont o srovvecr (1300) 10 which 1t was shown, that 1sovolemic cross
circuintion between 2 renal hypertensive and a normal rat did not
result 1n Aoy inereased pressure in the normal rat

4 Hypertenswe Disease without Demonstrable Hypertension

8 ol the rats with renal arters constriction remained normotensie
tkFig 6) Aulopsies performed in 7 of these showed signs of hyper-
tensive enrdiovascular disease namely pancreatic oedema hypertensne
vaseutar disesse, and hypertrophy of the heart In accordance with ttus
two of these normotensive rats had clineal signs of hypertensne en
cephatopathy pareses, and twitehings Some of the ammals Iined onl,

one to two weehs after the operation so that few blood pressure deu‘r)-
minations were performed The normotenswe yalues however, agre
well with the normotension found in the same period after rcnal‘ f N
;:)\m':—‘:dm? n rits which later cxhibited hypertension (Fig 1 iff'l"),

P
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of renin 1 the two kidnes s 1s almost always normal and that i apumals
surviving for more than 31, months afler the constriction well over
half have a total remin content exceeding the normal values No closer
correlation between the degree of blood pressure elevation and the
total sum of remn n the two hidness could he demonstrated at any
tune after partial constriction of the renal arteries The lach of corre.
lation between blood pressure and renal rewmn content has recently heen
demonstrated by Regalr et al (1962) It 1s still more cvident 1n the pre-
sent study 1 which reral hypertension s mduced desorycortico-
sterone and salt treated rats having an extremely low renin content
(Frg 2 C), whnch in most cases remans low, and n only a few mstances
rises to a subnormal or shghtly increased (one case) value (Fig 2D)
Although these animals were treated with desoxjcorticosterane and
salt the iy pertension was clearly of the rcnal type, the blood pressure
curses (F1ig 3B) were different from those found m non-operated
bhermone and salt treated rats (F1g 4 A and B), but very simlar to
those found after renal artery constrichion on nermal rals (Fig 3 A)

8 Relation befween Renal Renin Content and Remin Release

The fact that renal hypertension can be produced 1n remn depleted
rats agrees well with the studies on 3 dogs (Sevy & Walkerlin 1953)
mentioncd previously In order te discover if renmn plays any role m
the pathogenesis of renal hypertension 1t 15 thus of the greatest impor-
tance to know if lack of demonstrable remnt and very low remn content
are signs of a concurrent pronounced decrease 1n renn release So far
the renin relcase cannot be directly determined As an indirect estimate
the responsnencss o intravenous jection of renm was studied n
non-operated and bilaterally or umlaterally nephrectomized normal
rats and in unilaterally elamped rats which were non-nephrectomrzed
or had cither the clamped or the untouched kidney removed In this
way 1t was found that the Iength of the pressor response to remmn 1s
mersely proportional to the total renal remin content when studied
1n normal, unilaterally and bilaterally nephrectonnzed rats and n uni-
laterally elamped rats after ramoval of the clamped hadneys These
results are in good agreement with previous studies by Tlgt‘(l’il(‘df.&
Bergman (1898), Mc Cubbin & Page (1954), Masson el al (1951 53),
Gross & Sulser (1954, 1956), and the Inst two teams have further shown,
that desoxycorticosterone acetite plus salt treated rats hwing renm
depleted kidneys react with the same prolonged pressor curte as lr;:
Jaterally neprectomuzed rats From this 1t 1v reasonable to mn'clu((
that the length of the pressor effect 1s deternuned by the ronm‘rv rase
This assumption 1s further supported by expcriments of Gl';)ss & Sulser
(1954) <showmng that m Inlaterally nephrectomized rats the r(‘\non:’c
1s normalized by mtrapenitoneal 1njections of extracls of normal kid-

neys but uninfluenced by extracts of renin depleted kidneys from DOCA
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plus salt treated rats Furthermore Omae, Masson & Page (1960 and
1981) have shown that while grafting of normal and clamped hidneys
onto 24 hour nephrectomized recipents results i a renin hike pressor-
response, no pressor actiity 1s demonstrated when hidneys from DOCA
and salt treated rats are grafted Gross (1958) mentions some (un
published?) experiments showing a normal responsiveness I umnj
iaterally clamped rats after removal of the untouched kidneys, and as
the clamped hidneys have inereased renin content this finding 1s
agreement wath all of the results mentioned above, making 1t probable
both that the response fo infrapenously tnjected remun depends on the
renin release, and that the remin release follows the total remn content
The present expeniments, however, show that most of the umlaterally
clamped rats possessing either both or only the clamped kidrey reacted
with a prolonged pressor response This result cannot be explamed n
accordance with the above conclusions The reason for this exception
1o what seems to be the general rule could be either that the remin
release 15 deereased 1n clamped kidness or that some unknown factor
prolongs the duration of the remin response in rats with clamped kid-
neys In the present study on the development of renal hypertension
1 renin depleted rats it 1s of wterest, that rats with renmn depleted
hidnevs respond mn the same way as hilaterally nephrectomized rats
Both the lack of correlation shown previously between the degree of
blood pressure elevation and the total sum of remin 1 the two kidneys

and the present d ration of the devel, of the same degree
efm L

Lol & nvosier V1M00) 1 which 1t was shown, that 1evelemic cross
arcalation between a renal hypertensine and a normal rat did not
result 1n any increased pressure 1 the normal rat

4 Hypertenswe Disease without Demonstrable Hypertension

8 of the rats with renal artery constriction remained normotensie
thig ©) Autopsies performed mn 7 of these showed signs of hyper-
tensive eardiosascular disese namely pancreatic oedema, h)pcrl(‘;lsne
vascular disease and by peetrophy of the heart In actord:;nnc with this
two of these normotensive rats had clinical signs of hypertensive ,
cephalopathy, pareses, and twitchings Some of the animals Ined ﬂl’
onc to two weeks after the operation, so that few blood pressure dotn ;
nmunations were performed The normotensive values, howeves roe
well with the normotension found n the same period :;Hcr ren: ? o
constriction 1n rats which later exhibsted hypertension (Fy; 2‘1 :ﬂcr}
B) These findmgs parallel results of prestous studies on h; ge 4 o
|‘r’\ rats lF’o?rr 1954) and human bengs {hincard-Smuth, ":;P"r ;nswn

urphy, 1958, and Perera 1934 and 1961) making 1t pro’hahlc l'll;n:dl&

cle
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Fig 6
The figure gaves the blood pressire of 8 rafs which det eloped hypertenswe cardm
vascular disease although they rematned normotenswe after clamping of left (I)
and right (R} renal artery The eurves marked by unhroken lines represent the sa
lucs from rats treated with DOCA and salt, and the brohen hines show the values
1n rats which were not subjected to this treatment

vation of arterial pressure 1s only one of the pathogenic factors m the
hypertensive vascular discase The oceurrence of hypertensive vasculir
disease tn normotensinve animals can, howeser, also he mnferpreted as
a sign of madequacy of the indirect method of blood pressure deter-
mnation The fact that dircet blood pressure determinations n some
cases, wluch are not included n this materal, have revealed hyper-
fensive values i rats i which the mdirect method showed normo
ension, speaks for tlus interpretation, which 1s also supported by the
mereased heart weight found in most of these rats

5 Renal Hypertrophy n Desoxycorlicoslerone and Sall Trealed Rals

J

Although desoxycorticosterone acetate 1s not included n the hist of
renotrophic factors mentioned by Braun-Menendez (1952) 1t has been
shown to produce renal hypertrophy 1n rats by Selye (1950), who found
distension of the convoluted tubules with some hy pertrophy and hyper-
plsia of the hining cells The glomerul were found to he hyperaemie
and i somc cases glomerular hyalimization and hyahin necrosts of the
arterioles ensued In the prosent study the hormone treatment cven
where 1t was contmued for up to 6 months resulted in hy pertrophy of
the kidney without glomerular damage In accordance with the histo-
logical prcture blood urea was found to be normal In some of thesc
ases untlateral nephrectomy and clampng of the renal artery of the
romaming hadney was followed by further nerease n renal weight
Here the apparent further “hypertrophy® may be duc to the followmg
pronounccd histological abnormalities  dilation of many tubulcs with
preeipitates i some, and peritubular infiltration with Iymphocytes,
plasma cells, and considerable amounts of connectin e tissue

SUMMARY

(1) In desoxycorticosterone acetate and salt treated rats the well
hnown decrease mn renal remin concentration was observed, the values
n many cises being hdow the threshold of detection of the method
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(Fig 1Cand2C) When animals pretreated in this way had hoth renal
arteries clamped, the renin concentration remained extremely o 8
the heavier of the kudnevs In the Lghter kdney the concentration n-
creased {(F1g 1D}, but was lower on the average than the one found W
the lighter hudney on bilaterally lamped hut othersase untreated rats
(Fig 1B) In umlaterally nephrectomized hormone treated rats clamp
g of the remawng renal artery did not result sn any ncrease m the
senal remin eontent (Fig 1 D) The obsersed changes m remn con
centration ¢an most readily be expluned as a summation of the effects
of the two treatments, 1) hormone plus salt and 2) clamping of the
renal arterses

12} Renal hypertenswon could be produced in remn depleled (Fig
3 RY as well s e narotal rats (Fig 3 A} although the total renal renin
canlen! remawned exiremely low tn some anumals and subnormal 1
most cases (Fig 2D)

<3} Previous sork and the present (Fig 5) studies on the relation
between the total renal remin content and the degree of response to
satravenausly myeeted renin together make 1t probable, that a decrease
m reval renm content 1s followed by decreased release of renun The
producfion of renal hypertension in remn depleted rals can thus be
faken as one piece of evidence against the theory stating that renal
hypertension s due to a hypersecretion of rerun The fact that some
unilaterally clamped rats reacted with a more prolonged Pressor re-
spanse {0 remn than normal rats with about the same total renal remmn
confent (Fig 5) also speaks against this theory

t4) Some rats which remained normotensie after bilateral clamp
g (Fiz 61 devcloped hypertensive cardsovaseular dwease This could
either be explamed by the existence of some pathogenetic factor other
than the high blood pressure or hy ap madequacy of the indirect fie-
thod for biood prossure determinations

19 Treatment with desoxyeorticosterone and salt was followed
by pronsuneed renal hypertrophy without sigmficant renal damage
Furthur inerease i renal weight after clamping of the renal artenies

was apparentls due to dilated tubules and mhiiiration v
tic cells and connealiyn ssun " with Iymphocs-

RFFERTNCFS
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STUDIES ON VASCULAR CHANGES IN CHRONIC
LUNG CONGESTION
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by
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‘The hitcrature on vascular changes n chrome lung congestion 1s
voluminous Invesiigations have been carried out on operative and nec
ropsy specimens {3 5 23 12 13 14 29), as +well as on expenimental
anumals (2 20) Despute this wide attention opimons differ on the mter
pretation of the findings In the present investigation we studied the
vascular changes 1n the lungs m secondary hypertension of the pulmo
nary arcatation

TABLE 1
Sarvey of Watertal

Cases with mitral stenos s

Age Rest of the Control
total ‘matena mater a1
males number
0- 9 years 4
10-19 years 2
20 29 years 1 1 2
30-39 years 1 1 2 1 5
40 49 years 6 5 1 4 8
50-59 years 1 15 26 21 8
60-69 vears [ 2 3 186 g
70-79 years 6 17 23 21 8
80 89 years 1 5 8 5 5
3 89 100 T 50
MATFRIALS A\D METHODS
The materia? - .
ment of Pat
Tulmonar -
sutficlene a
nol mitra

chronic hea |

- ul usocardial wnfarcts waith
uure) and of 50 controls showing no signs of chromie lungeongestion

1 Prevent address Institute of Pathology Unnersitv of Catansa Italv

™ %
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Contracted muscular arters with thickening of the media and hyperplasia and
splitting of clastic fibres Weigert's elastica X 192

{sec Table 1) Both lungs were examined histologicalls, and 1n most cases sections
were available from each lung lobe The secttons were fixed in formalin and em
hudded n praraffin: Haematoxylin ervthrasin van Greson, Weigert's clastica and

Turnbull s stamm for 1ron werc used

RFSU11S

In the deseription of the vascular changes m lung congestion no
difference will he made between mutral disease and the remander
smce the changes did not differ i kind bul only wr severndy  they were
more adyanced 1n the mitral disease, particularly v muscle hy perplasia
of the arterioles

Large arteries 1n the lungs, (ven an young persons, showed patchy
intimal thickening of arterioscierotic {ype, somctimes with atrophy
of the media at the site corresponding to the mtimmal lesion In the
muscular artencs of larger and smaller cahibre (hetween 1000 and 100
« m diameter) ntimal fibrous thichenmg was scen sometimes, but 1t
was not always so marhed The essential change consisted of a thiche-
ning of the media because of muscle hyperplasia and was often most
impressive 1n {he small, muscular arferies (Igs 1, 5) Fibrohyalinosis
of the media was common n these vessels (Fig 2) Hyperplasia of the
elastica lnyer was also common, sometumes with sphitting of the clastic
fibres (Fig 1) Signs of vascular contraction were frequently demon-
strable by a pahissade-like arrangement of vascular endothehium and
folding of the clastica (Fig 1) Arterioles (diameter less than 100 x)
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Fbr h al nos s of the wall of a small arters Van G eson X 480

51 0 enythrosin

X 4%

Arteriole with ad anced mu  ular thicken ng of the med a Haemat x:
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showed a clear thickening 1 the muscular laver 1n the media fx;)hl;h IS.
normally very scanty (Fig 3) The media also often showed i ;odsa
Linosis of varying degree (Fig 4) The adventitia usually E‘(hlbl: n‘o‘
substantial changes Only 1n a few cases was any clear thackemng watl
fibrohyalinosis seen, apart from the mural thickemng of the l)mphahc‘s
along the adventitia (8) Yems of varymng caliber often <howed mntimal,
ous thickenimn,
hh::s to the conlril matenal, which sas grouped according to age (see
Table 1), vascular changes were not regularly scen n subjects below
50 years These changes then mecreased with age (The physiologically
thicker yasenlar walls 1n newborns also recerved altention) The chan
ges consisted of mtimal fibrosis and fibrohyalinosts of the media of
medium sized and small artenies as well as 1n artenoles Also the vems
<howed intimal thickeming with fibrosis Mainly these vascular changes
seen also m the lungs of chronic stasis wire lexs advameed mn the con
trols
TABLE 2
Degree of Mutral Stenosis

Degree of stenosis of the mitral ¢ valve accord ng to Henry' Number of cases

Degree of stenosis not known 1o rest of cases 8

In the analysis of our observations we grouped the cases according
to age, duration of hasic disease and 1n cases of mitral stenoss, ac-
cording to the degree of stenosis (see Table 1, 2) We found no correla
tion belween age and seventy of the vascular changes Nor was any
co vanation found bhetween the duration of the basic disease as judged
from chinical data (duralion of basic disease yaried between 148 years
in cses of mitral disease, between 1-10 years in cases of other diseases)
and the seventy of the vascular changes Howeser 1t appeared as if the
vascular changes in mitral disease were much more advanced 111 cases
i which the disease had cuisted for more than 7 jears Pronounced

ascular changes were seen in 15 per cent of the cases of mutral stenasis
of grade 2 and 1n 50 per cent of grade 3 Only 2 cases, neither of which
had adsanced vascular changes, could be assigned to grade 4

W e also noted the occurrence of microscopic thromh fresh or fibro
oush organized, in as many as 29 7 per cent of the entire material (1n
23 cases with autral disease, in 29 1n the rest of the material) No di
stinet correl tion was found between the occurrence of thromb: and
the sevenily of the vascular changes, and the frequency of thromb: was
not ligher than n the controls Fresh thromh were predominant 1n
chronie lung congestion and 1 the control series  (Gross lung embol)

e -
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were found in 17 per cent of patients with chronie lung congestion and
n 14 per cent of the controls)

TABIF 3
Cases Operaled unth Comnussurotomy
Duration of dis The day of h T
Sgo and set (befure operation) operation T
58 years man 15 years October-56 28157
51 years man 1year 16259 26259
49 ycars woman 29 years 4359 5359
A23years woman 3 years -54 162 60
57 years woman 2 years February -60 25260
25 years woman 6 years 3158 366t
reop 3661

The mutral disease series ineluded 6 cases m which commissurotomy
had been performed (Table 3) These cases mvanably showed severe
vascular changes of the type deseribed above, tneluding clear muscle
hyperplasia of the media of the muscle artertes and the artertoles Four
of the patients had died following operation, including one after a re-
operation The primary commussurofomy mn this case had been per-
formed 31, years previously, and the patient had smce been symptom-
free until she again had symptoms of cardiac failure i assoctation with
pregnancy She was reoperated upon in the 4h month of pregnancy
One of the patients had died a few months after operation from com-
phications (postop sepsis) In the remmning patient, who had lhsed
for 6 years after the operation, the symptoms of eardiac failure recurred

2 months after the operation

DISCUSSION

The essential change in chronic lung congestion was found to be
muscular hyperplasia of the media of the small arteries and arterioles,
a finding in agreement with that of previous mvestigators (13) Intumal
thichentag was observed m most of the cases, usnally 1 association
with hyperplasia of the meda, as was fibro-hyalinosis of the media
These changes were of the same type as the vascular changes m the
controls and seem, at least partly, to resemble the physiological ehinges
of ageng (9, 19) But they were more adsanced and occurred in lower
age-classes 1n patients with chronie lung congestion

Some authors ascribe the changes in the small arteries and m arte-
rioles entirely to vascular contraction (O Neal, Thomas) (23) with-
out muscular hig perplasta, most authors aseribe 1t to muscular by per-
plasia alone, while a thurd group describe hoth contraction and hy per-
plasia (Shorl, Bayliss) (27, 28) It s true that we found signs of vas-
cular contraction hut we feel that vascular confraction occurs n the
nateal stages of the discase, and that muscular hy perplasia soon desve-
lops and 18 hardly eapable of regression Thus 1s supported, among other
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things by the observations in our cases of commussurotomy (see Table
3) i which advanced muscular changes were scen both immediately
and several years after the operation

In recent years 1t has been stressed that the vascular changes in
rmitral stenosis ar much more pronounced in the lower lobes of the
lung (Doyle, Harrison) (7, 18) We studied 10 cases 1n this respect
(5 of matral discase, 5 of chrome congestion of the lung of other origin)
In all of these we found more adsanced vascular changes (particularly
musenlar medial hyperplasia) 1 the lower lobes than m the upper
ones, but sometimes the difference was only shght

Necrosts 1n the arterial walls, which has been reported m many pub
Leations (Old, Russel (22), Hicks (15)) was not seen 1 any of our
cases, nor were signs of arteritis, deseribed wnteralia by Dammann (6)
Glomoid hyperplasta of the pulmonary vasculature described most fre-
quently n pul ry hypertenss dary o 1 heart di
sease (huscho (17), Rossall (20) Waagenvort (31), Hruban (16), Bre-
wer (1), Naeye 1), Mcllormach (18), Rutishauser {26)) was not found
in our material either Some authors have found a clear relation he
tween thromby and artenoselerolic vascular changes m chronic lung
congestion (O Neal, Thomas (30)) We could not confirm this Neither
fresh nor old thromin appeared to be more numerous i our cases pre-
senting advanced vascular changes Morcover, we found thromb: to be
equnlly common in our controls Henry (14) has, among other things,
pointed out the relationship between the grade of mechameal stenosis
of the mutral ostium and vascular changes in the lungs Our findings

confirm this observations The severity of the vascular changes saried
with the degree of stenosis

SUMMARY

Vascalar chinges 1n lung congestion were studied in a necropsy
material (100 cases of mutral disease, 73 eases of varying origin) The
typreaf change was muscular hyperplasia of the media of the small
wrleries and artertoles The change was seen also 1n patients who had
undergone commissurotomy for mtral stenosis, which argues agamst
hperplasia being due to vascular contraction alone In addition, the
arteries ind veins of varying calibre showed fibrous 1n :

timal thichenung,
and smalt arieries and artornlae £1 L i
chinges were also !

« twi v sdular changes
RFFFRENCFS
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ANGIOTENSINASE CONTENT OF KIDNEYS OI' NORMAL
AND HYPERTENSIVE RA1S
by
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Quantitatise determinalions of the renat angiotensinase content have
apparently been performed only by Blaquier, Hohr, Taquni & Hoobler
(1961) who reeently found no statistieally signiflicant diffcrence be-
tween the values obtained in norma! and renal hyperfensne rats The
present myestigation deals with smilar studies ont normat, renal
hypertensune and desoxycorticosterone acetate plus salt treated rats
The renal renin coneentrations of these amimals have heen published
m previous papers (Bing 1962 a and by

MATERIAL AND MITHODS
Sailie stIguoi as drinking fluid
Methods Samples contaming 05 ml of diffirent concentrations (usualls 005 0098

© o smulLlsIASE WS Lien slopped DY boiling for 10 minutes and the residual
angwtensin concentration was compared with that of o standard angitensin solu
Wion The angrotersin assay was performed by detcrmination of Lhe vrescae voens

am Firu ussoy WA the same o dosenibied in i
(Bing 1962) Hypertension was mduced by the method of Byrom & ||p:l‘s\:’);xm(*l€1l‘:!’.8l;"s

Subborted by prante fr s D 4 Ba b
hing Chaistron \'s § oun-

s With angictensin (s per
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Quantitative determminations of the renal angiotensinase content have
apparently heen performed onlv by Blaquter, Bohr, Taquint & Hoobler
(1961) who recently found no statistically significant difference he
twcen the values obtained wn narmal and renal hypertensue rats The
present investigation deals with simlar studies on normal renal
hypertensive and desoxycorticosterone acetate plus salt treated rats
The renal renin concentrations of these amimals have been published
n previous papers (Bing 1962 a and b)

MATERIAL AND METHODS

The material included 56 k doeys from 41 alb no rats of which 19 were eontrols
9 had umlateral partjal constriction of the renal artery 7 were treated by subcu
laneous injection of 5 mg of microcrystalline Percortene (Cibal) for about 4 months
followed by inrections of 25 mg per 100 g body weight twice a weeh and 4 were
treated by hoth Percortene and clamping The last two groups recersed 09 per cent
sal ne solution as drinkng fluid

Melhods Samples contalning 0 5 mi of different concentrations (usually 062 0075
and 0 0125 per cent) of k dnev homogenates Were tncubated for half an hour at 37°
. oe e th
s
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“ 3 It 1 odssuy wds the same as deseribid 1o previou.
(B ng 1962) ¥ypertension was inpduced by the method of Byrom & “pllsan (‘l?‘?&‘;ﬂ!
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The figure shows that the renal angiotensinase content 1s lower in renal hyper

tensive and in desoxscorticosterone acetate plus sall treated rats than m normal

controls The decrease ih angiotensinase content 15 <cen to be non related to the

highly variable renin content 1n the hidneys of the clamped andjor harmene
treated rats

40 80 0 160 200
Renuin 1n per cent
Fug f

Normal rats
Umlaterally clamped rats
DOCA plus salt treated rats

@ clamped ladney W untouched hidney
A nonoperated A bilaterally clamped

RISUITS AND DISCUSSION

The resulls are presented in Fig 1, wlich shows that while the renal
angiotensinase content of normal rats was mn the range 40 to 80 unils
w ol hut Lwa cases, beth renal hyperteasne aad desovyeorlicosterone
acctate plus salt treated rats had lower concentrations between 7 and
40 umts No significant differences m angiotensinase content werc
found amongst 1) the clamped and 2) the untouchad hidneys of um-
laterally clamped rats, 3) the hidneys from hormone treated rafs and
4) the hidneys from clamped rats recenving hormone treatment The
low valucs obtained both in the renal by pertensive and in the hormone
trcated rats were found to be independent of the highly variable remmn
concentrations The lack of a relalion hetween the concentrations of
angiotensmase and renmn, which 1s secn n fig 1, was found also, when
the concentrations n the two hidneys from single rats werc compared
Out of 16 amimals 10 had equal angiotensmase concentrations m both
ladneys, in the remamnder the coneentration was higher m one hdney
than the other by a factor 1 51m 3 cascs, by a factor 2 1 2 cases, and
by a factor & mn the case of a single unilaterally «lamped ammal m
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which the untouched hidney contuned 5 times more angiotensinase
but 100 times less remin than the clamped hidney In other umilateralls
clamped rats the ngiotensinase concentration was the same in the
two kidnevs while the ratio hetween the remin coneentritions was hugh-
Iy mncreased

The reasons for the differenees between the results of the mvestiga
tions of Blaquier ef al and those reported hert, with regard to hoth
renal renin and angiotensinase content, are unthnown They may partly
be caused by diffcrent conditions during homogenation and mcubation,
as 1t 1s probable that more than one enzyme in the hidney has the pro
perty of destroying angtotensin (Braun Menende: el al 1946)

SUMMARY

The renal angiotensinase content was found to be lower 1t renal
hypertensise and in desoxycorticosteronce acetate plus salt troated rats
than 1n normal controls (Fig 1) The decrease i angiotensinase con
tent was not related to the highls varable remin content 1n the hidneys
of the clamped andor hormone treated rats )
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Bing Jens Relation between renal remin content and hypertension 1 Renal renin
;unlel;n lrllJnormal unilaterally nephrectomized and renal hypertensne rats
or Bertil Josephson on the oceaston of his sixtieth b rth.
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AN LLECTRON MICROSCOPIC STUDY ON THE
MORPHOLOGY OF THE ELASTIN IN FOETAL, HUMAN
AORTAS

By

JorGrN Gakrs JENSFA
Recened 231162

In a previouy study  “Histochenmucal studies on elastic membranes
of fetal human aorlae™ (1) argyrephile, PAS-positne fibres, which
were localized 1n a matrix of acid mucopoly saccharides, were found as
carly as in the 2nd foctal mouth Elastic fragments were noted abont
the muddle of the 3rd foctal month, and continuous, elastic “men-
hranes™ were demonstrable in about the 4th foctal month In addition
the argyrophile fibres and the elastin were found fo he closely mnter-
related and consequently 1f was discussed whether the argyrophile
fibres might not form a direct part of the structure of the clastn, v12
as a morphological component

The object of the present study has been to carry on these mvestiga-
tions 1nfo the morphology of elastin and argy rophfe fibres using elec-
tron mieroscopy

Llastin 1s referred to but rarely in the electron microscopic fiferafure
References publiched m the provious study shall apply also here (4)
Some of the authors eited advocate the presence 1n elastin of an mter-
nal, fibrillar structure Hall et al t3) treated clastin i buman, aortas
by elastase and found a nefworh of trregularly anastomosmg fibres with
jnternal, fibrillar structures, the dameter of fibrils bang about 200 A

Rhodin exammed elastin i lamma propria of the tracheal mucosa of
rat {6) and reported the finding of longitudinally arranged Nibrils m
elastin, the diameters of fibrils hemng 70 100 &

I E Karrer published an clectron microscopic study on the structurc
of the conncctive fissue 10 the funica propria of broncholcs (51  this
author desertbes elastin as 2 dense mass of irregular size, shape, and
surface, without periodicily, not readily observable ¢xeept if preparcd
by opaque malter as ¢ g phosphotungstic acid, the author obsersed

occastonal, fibnllar structures, the dramdders of fibrds being about

110X
188
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Other msyestizators have conssdered clstm as an amorphous sub
stance Cox & I title (2) examined clastin hy drolysed from human tissue
rich 1n elastin, the authors concluded that clastin n such tissue forms

d L com: d of g,
an 1rregular, three $ networh comp
highly differently calibrated strands and fibres, and l)cwlcﬁ‘ that sub
mucroscopically the elastin 1s a b , amorphous ¢

The argsrophile fibres which are arranged close relaton to clastin
1n foetal human aortas were described 1n detail n the presvious histo-
chemical study (4) Aarrer () and Woodside {8) m electron miero-
scopic studies demonstraied a very close nterrelation of elastin and
collagen fibres Rarrer provided s study (5) with several allustrations
(Figs 7, 8, and 22) 1 which the fibres—by this author described as
collagen fibres—re encircled by an clastie substance

MATFRIAL AND TFCHNIQUYF

Aortas from 10 human foetuses have been examined e lengths ol Toctuses

ranging from 5 to 23 em Al foetuses were alive at the tume when they were re
e b bemebam T 4 " e

www v ulsarg inolsiew ths method has been found to remove
all other structures but elastin (4)

and su
When « .
a ™

sy
pendicu ut vs L e song waibal axis of the gelatine capsule thus it 15 passible to
place the section prramid clase ta the lumen of the aarta therchy warranting the
correct localization 1n the tunica media Some of the specimens are impregnated

bv 10 per cent phosphntungstic acid others by uranylacetat 2 per cent Thickness
of cuts at out 400 A

RESULTS

Low electron microscopic magnification of the tunica media from
aortas in human {oetuses presents a morphological micture much re-
minding of the one hnown from optical microscopic studies (4), viz

A moderately cellular tissue with the charactenstic, oblong deeply
notched nucler an irregularly dispersed protoplasm, occasionally the
nucler are thinlycoated hut also long not infrequently slender, rami
are seen generally there 15 no distinet line of demareation agamst the
ntercellular structure Such low magmification presents two, morpho
logically deviating, intercellular structures (Fig 1) A greyish, appa
rently amorphous substance arranged 1 irregular, partly coherent,
partly fragmented strands forms an intercellular network Usually
however 1t 1s mamfest as strands parallel to the lumen of the vessel
As to shape and localization this substance corresponds to the histo
chemieal elastin In close apposition to the elastin faseiae of fihres are
noted often w direct continuation of the substance of elastin
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(1 s cctonof the a rta me hia from a [ ctus mea ur ng 11 cm (X 24000) ilto

llast cnc reled v clastin ant argyrojhile it res n te the mterts ining of filres
wh¢l are seen 1 mmtimate cortact w th clastin

In such low magmificition the fibres seem to he massive and also the
structure seems to be more densc than that of elastin No periodicits 15
observed The morphological loealization of these fasciae of fibres 1s
similar to the one known from the histochemieal argyroj hule fibres
(Figs 15)

Nerther collagen fibres nor reticulin were ohserved mn the tunicnt
media of the examined aortis from foetuses of 23 em or less

Using higher mogmficitim and impregn thion by phosphotungstic
acid and uranyl the structure ind interrelition of clastin and argsro
phile fibres 1s further examned

1t will be notcd how the fibrilinr substance n close apposition to the
clastin and hence corresponding to the histochemieally determined
argyrophile fibres are composed of fiserte of fibres the diumcters of
which range hetween 350 and 400 1 By crosssection the fibres will be



Figs @ 5
F g 2 Foetus measur ng 14 cm (X 41 500) To the left elastin t« the mght argvro
phile filres Note the very close interrelation of elastin and argyrophiule
fibres
Fig 3 § 5 Foelus measuring 14 em (X 50000 78 000 and 63 000) The tertwined
argyrophile fibres (320-400 A in diameters) are seen in fasciae The
fitres are curied and intertwined they seem 1o be spiral shaped
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circular, 1n other planes their courses are noted to he more less curved,
generally they are arranged m small fasciae, not mfrequently they have
mtertwined, rather giving an impression of hay g a shaped course

In phosphotungstic acid preparation the fibres are rich 1n opaque
matter although the degree of opacity may vary, if the degree of opacity
be low the fibres will present an miernal, fibnljar structure Using very
high magmfication the internal structure of the 350 A wide fibres 1s
seen to he composed of fibrils the diameters of which are 30-50 &
(Figs 6, 7) 'These latter present a curved, tortuous course resembling
mteriwined spirals, their outlines may be more or less blurred, and in
very ligh magmification also these fibrils present mternal, fibnllar
structures (g 9)

Thus the argyrophule fibres with diameters approumating 350 & are
curved, their course scems to be spiral shaped, and they have mter-
twined with scveral other fibres thereby forming fasciae The mternal
structure 1s fihrillar and these fibnils as well, the diameters of which
are 30 50 X, are curved and ntertwined, occasionally actual, mnter-
twincd sprrals are seen distinetly In high magnsfication even the spiral
shaped fibrils with diameters of 30-50 & scem to have an nternal, fi-
brillar structure All of these systems of spirals may be more or less
densely intertwined

The clastin, which m low magmfieation was found to he an appa-
rently amorphous substance, presents quite a different prcture m hugher
magnification The degree of opaaity of the grey substance varies, quite
often the opacity may be most marked peripherally m an elastm “islet’,
but the internal, fibrillar structure 1s demonstrable all over the cut sur-
face (Iigs 2, 8) Curved, often distinctly spiral shaped fibrils with
diameters of about 30-50 & are scen to be mtertwined thus forming a
network (Fig 8) The density with which they are packed varies there
by determmung the fluctuating degree of opacity of the elastin When
densely pached they form fibre-numiching structures which are un-
distinguishable from that of the argyrophile fibres (the order of magni-
tude being 350 &) the imnternal fibrils of which are less densely pached

Not infrequently well-defincd argy rophile fibres, the order of magni-
tude of which 15 350 &, may be demonstrable centraliy in {3 preal elastic
substance, (Igs 2, 4) fibrils, the order of magnitude of which ranges
between 30 and 50 &, are seen quite often to pass from the clastin into
direct continuation of the mternal fibrils of the argyrophile fibrils

(Figs 8,9
Suppose an neision be made through 1 fasern of “swollcn™ closely

Figs 6 7
measuring 11 em (X 152000) I asciae of argyvrophile fibres (150
ki 6 ff;‘()“,{‘“ln drameters) with internol fibmillar structure of cursed fibrils (30
50 % wn diameters) oceassionally marhed!y spiral shaped

I1g 7 Detail of 11g 6 (X 324 000)
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circular, 1 other planes their courses are nofed to be more less curved
generally they are arranged i small fasciae, not infrequently they have
intertwined, rather giving an mmpression of having a shaped course

In phosphotungstic acid preparation the fibres are rich in opaque
malter although the degree of opacity may vary, if the degree of opacily
be low the fibres will present an nternal, fibnillar structure Usingvers
high magmfication the internal structure of the 350 A wide fibres 15
seen to he composed of fibrils the drameters of which are 30 30 A
(Figs 6, 7) These latter present a curved, tortuous course resembling
ntertwaned spirals, their outlines may be more or less blurred, and 1
vers high magmfication also these fibnls present internal, fibrtiar
structures (Fig 9)

Thus the args rophile fibres with drameters approuimating 350 A are
curied, therr course seems to be spiral shaped, and they have nier
twimed with several other fibres thereby formmg fasciae The wmternal
<tructure 15 fibrillar and these fibrils as well, the diameters of which
are 30-50 X, are curied and intertwined, occasionally actual, mier
twined spirals are seen distinctly In high magmification even the spiral
<haped fibrils with diameters of 30-3G & seem to have an mternal, l1
bnllar structure All of these systems of spirals may be more or less
denscly intertwined

The elastin, which 1n low magmfication was found to be an appa
rently amorphous substance, pre<ents quite a different prcture in higher
magmification The degree of oprcity of the gres substance varies, fl“’:"
often the opacity mas be most marhed peripherally m an elastin “1slel”
but the iternal, fibnllar structure 1s demonstrable all over the cut sur
face (Figs 2, §) Curved, often distinctly spiral shaped fibrils wlh
diameters of about 30-50 & are <cen fo be intertwined thus formig
network (Fig 8) The den<ity with which they are pached vanes there
In determining the fluctuaing degree of opacily of the elastm When
denselv packed thev form fibre-mimyching structures which are ut
distinminchable from that of the arm rophule fibres (the order of mast!
tude being 350 &) the mternal fibrls of which are less densels pached

Not infrequentls well-defined argyrophile fibres, the order of magn
tude of which 15 350 & may be demonstrable eentrally m tepeal clastic
<ub<lance (Figs 2, 4) {ibnlc the order of magmiunde of which Tanges
between 80 and 30 X, are seen quite often to pas< from the elastin nlo
direct continuation of the internal fibnls of the argrrophile fibrils
tFige 8,9

Suppose an meiien be made through a faseia of “cwollen™ closelt

Figs -

Fig ¢ Foetns measumng 11 €2~ 15200 Facsr f &rQT pHil
£00 & in dizmicters St an ernal fivmllar <arpetere ¢f coTTe
S0 & am dumetere accasaomally mzrkedly sprral <hoped

Fig 7 Detmlof Faz. 6 N\ I24( "

e fibres (320
a fivmls (30
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packed, argyrophile fibres, the picture thus obtamned were undistingu-
1shable from the one of “clastin®

In sections from hydrolysed aortas, which from a histochemical point
of view represent pure elastin only, low magmification will demonstrate
a presence of strands of a greyash, apparently amorphous substance
with varyng opacity, the periphery may be the site of more dense,
fibre-mimuching structures A presence of cells was never obseryed

In tugh magnification of hydrolysed medial aortas elastin diseloses
A networh siructure of fluctuating opacity, its aspects bemng the same
as the one hnown from ordinary electron microscopic scchons The
network 1s composed of spiral shaped fibnls, the diameters of which
range between 30-50 & The density with which these spirals miertwine
may vary, 1f densely mtertwined they will be curved (spiral shaped)
fibres with diameters of about 850 &, they will be of the same aspect
as argyrophile fibres (Figs 10, 11)

DISCUSSTON

Using electron microscopy structures have bheen identified n human,
foctal tunica media of aortas the morphology of which tally with histo
chemieal elastin and argy rophile fibres In clectron microscopic pictures
such structures as correspond to the istochemienl, argyrophile fibres,
hase heen found to he composed of fasciac of cursed (spiral shaped),
mtertwimned fibres with diameters of about 350400 X ven these fibres
present an mfernal arrangement of spiral shaped, intertwined fHibnls
the diameters of which range between 30 and 50 A The mtertwiming
of the fibrils may be more or Iess dense, if densely picked these fibnils
form a well dcfined, argyrophile fibre the diameter of which range
between 350 and 400 & If less densely packed the aspect of the argyro-
plule fibre will be of a looser, rather “swollen” nature, the oullines
<omewhat blurred If several fibres of this eategory be arrangea closely
together, the fibnllar network thus formed will be identical to the one
found m elastin

The following theory seems not mmprobable “clistin® and argyro-
phile ibres mught represent two diffcrent, functional stages of the cia-
otie tissue clastin Indeed the theory 1s supperted by the fact that
structurcs, the morphology of which 15 wdentical fo that of argyroplule
fibres and “elastin®, are found 1n the hydrolysed aortas, 1 1n histo-

Fris 89
T8 wn ac riny 21 cm (X% 257 000) At the top the elastin 1s present as a

1
Fig 9 e Fig 8 (X 545000) Note the sntcrnal fibrillar structure of the fabras
with a drameter 30 50 &
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chemieally and biocherueally pure clastin More or less “swollen™,
argyrophile fibres passing into direct continuation of the fibnils of
elastin are not ngrequent, they represent the functional, intermediate
stages

At present 1t can hardly be decided whether the indinvidual clements
represent one or the other functional stage although 1t imght be relevan!
to assume 1hat the argrrophile fibres account for the resting phase

Nerther collagen fibres nor any other fibres with periodicily—as
observed by Aarrer & Woodside 10 relation 1o elastin i bronchioles—
were demonstrable yn the here diseussed tumiea media 1n foctal, human,
aortas Several of the fibres which Aarrer has found to be 1n close appo-
sition to elastin (1n bronchioles) (5), (Figs 7, 8, and 22)} and 1o be
charactenized as being of a collagen nature, presented an internal strue-
ture with a curved course and hence, were reminding of argyrophile
fibres

The fluctuating opacity of elastin, 1s described by several investiga-
tors and also observed 1n the present study, mas be explamable on the
basis of the here discussed working theory, 1lnays remembering that
dense mtertwiming of the indisidual faseiae of spirals provides well
defined, opaque, spaced fibres Conversely, a swelling of these fasciae
will provide fibrils with faint opacity spaced by small quantities only
of an amorphous substance which In seetions present an amorphous,
greysh substance The studies on clastin shall be continued with a view
to further clucidating the morphology of such systems of spurals

CONCLUSION

The presence of an internal (spiral shaped), fibrllar structure has
been demonstrated in elastin from the {umiea media of foetal, human
aortas A fibnillar structure has been rated n close
to elastin the internol, fibrillar strueture of which 1s curved and tor-
tuous (spiral shaped) and thus dentical to the internal, fibrlar siruc-
ture of elastin 1t has been suggested that fibrils which as to localization
correspond to histochemical, argyrophile fibres, actually represent
functional stages of clastin Hence 1t may be assumed that elastin has
a sysiematic well arranged nternal spiral shaped, fibnlar structure,
¥he composition of whieh determunes its elasticity ’

REFFRFNCFS
V. Bertelsen So & Jensen € E Hystechem cal studi
Human Aorlic Trssu,
Acta Path et Mierobiol S o " “
2 con O O Mhcrobicl Scandinm 38 305 1960
of e e

An clectron mucroscope studs of elastic tissue Praceedings
3 Hal '
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chermeslly and hiachemcally pure elastin \fore or less “swollen”,
arggrophile fibres passing into direct continuation of the fibnls of
elastin are not ingrequent, they represent the functional, intermedrate
stages

At present it can hardiy be deeided whether the indimdual elements
represent one or the other functional stage although st might be relevant
to assume that the argsrophile Nibres account for the resting phase

MNesther collagen fibres nor any other fibres wilh perodicily—as
observed by Rarrer & W sadsude 1n relation to elastin i bronchioles—
were demonstrable 1 the here diseussed tumea media 1 foetal, human,
aortas Several of the fibres which Aarrer has found to be 1n close appo-
sition to elastin (11 bronchioles) {5), {Figs 7, 8, and 22}) and to be
characterized as being of a collagen nature, presented an internal struc-
ture with a cursed course and henee, were remmding of argyroptule
fibres

The fluctuating opacily of elastsn, as dusenbed by several investiga-
tors and also obsersed in the present studs, may be explamable on the
basis of the here discussed working theory, alwavs remembenng that
dense mtertwiming of the indnidual fasetae of spirals prosides well-
defined opaque spaced fibres Comverscly, a swelling of these fasmae
wdl provde fibnils with faint opacity, spaced by small quantities only
of an amorphous substance which 1n sections present an amorphous
greyish substance The studies on elastin shall be continued with a view
fo further elucidating the morphologs of such systems of spirals

CoNCLUSION

. Th;prescnce of an internal (spural shaped), fibrillar structure has
cen demonstrated 1n elastin from the tunica media of foetal, human
aortas A fibrillar structure has heen demonstrated 1n close al;po‘l!lun
tlo clastn the internal, fibrillar structure of which is curved and for
tE::Zt(s}m:ﬂ shaped) and thus identical to the internal fibrillar strue-
carmspZ:; 1;10 "h?ats h;on suggesied that fibrls which as to locahization
et Lo S l‘m:l emical argyrophile fibres, actualls represent
Bivrcuiy ges”o ¢lastin Hence 1t may be assumed that elastin has
lh well arranged, mternal, spiral shaped Bibrillar structure,
¢ composition of which determmes 1ts elastieity

RFFFRENCFS
Bertelsen Sp & Jomeon o0 a2
Acta Path et
Cor R € & Lamtt "
L the Roxal € P o .
WD 4 Reed 1 )
h:;““: :‘:Xpl ‘{:e" nm_‘;’f:;";a;)k];‘“ Flectranmucroscopse studses of Flastic
e § Gors & Bertelen S, 1y
etal 1$tochemical studics on elast,
3L human arrtac Acta path el micrehy | scandinay Vol '§1mr=£’:";n'1’95';{

P



- @

498

Rarrer II ¥ The fine Structure of Connective Tissue 1n the Tunica Propria of
Bronehloles Journal of Ultrastructure Research 2 96 121 1958 39

Rhodin I & Dathamn T Ilectron Microscopy of Collagen and Llastin in L amina
Propria of the Tracheal Mucosa of Rat Fxpt Ccl) Research 9 371 192>

Romhanyt ¢ Submicroscome Structure of Flastie Ibres as obscrved in the
Polarization Microseope Nature 182 929 1958

Woodside 6 1 & Dalton 4 J The Ultrastructure of [ ung Tissue from Newh
and I mbryo Mice Journal of Ultrastructure Rescarch 2 28 54 198 59



g A}
FROM THF UMUVFRSITY INSTITLTF FOR }\IFI(I\IF\T{II‘ZFHICI F
COPFMIAGEY §f DEAMARK HEAD JENS BIMG M

ACUTE VASCULAR DISEASE CAUSED Bl SEVERE
RENAL ISCHAEMIA

By

Jory GIesF
Recened 31162

Many studies have demonstrated the close assocrition belween re-
duction of renal bleod supply and duvelopment of necrobizing aaseular
disease (e g Goldblatt 1938, Wintermitz et al 1040) Several hinks m the
chain of events inthated by he induction of hidney tschaema shill
remam unhnown, and the question of the relatise importance of differ-
ent factors m the pathogencss of vascular necrosis cannot be con-
sidered {inally setiled

The present paper reports studies in rats exposed to scvere renal
1schaemua, the wterest has heen centered on changes 1n \ascutar per-
meabilits and the oceurrence of deposits of serum protens m the vas-
enlar walls  Attempts at modification of the pathological mamiesta-
tions by administeation of quinine are presented, this part of the study
bemng wnspired by reports on the effectiveness of quimine as an anb —
permeamlity compound in vanous forms of cxperimentally increased

capillary permeabiity (Carone & Spector 1960, Spector & Willoughby
19607

MATFRIAL AND WFTHODS
Laimals Altano cats mostly female werghing approsimately 200 grammes were
use

Methods for induction of kilney ischaemia In a smaller number of amimals the
miethod decribed by Lorenc & Goracz (19345 for induction of experimental hyper
tension was used in 2 modified fcrm Rubl cr capsules were applied to both kid
MEVS  conlrary 1n the crigiaal method care was taken to insure extreme renal
chaemia by vers tight application of the capsules Although productne of lesions
the method was found ccause of diff n the pres
sure apphied to the kidpers

¢ method adopted next was found to be more reproducible Clamps made of
wlier wire wnternal width 915 mm were apphied on both renal arterics This method
priduced pathol peal

i a very high 1 of apimals when
applied 10 rats weighing about 200 grammes

"'\‘}'\)u work was supbtried by grams from  Retaholdt W Jorck og Husirus Fond
m:“:r:a;:“:lo tense Johann ag Harne Wetmann [ Seedorfs Legat and P Carl Pe

1 waat to thawk my e Uesgucs at the institute dr Henrth Qlesen and dr

imierczah for hind help with pht reses and iy
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ml‘:ﬂ:;‘:‘;':}i[’-;:’:ls‘ﬂnlaﬂ :lht' l’O;slhle cffect of qumine it was fclt necessary 1o eh
were apphed 0; “]“’ ! .“l mtake, g slandard pracedure was adapted Stlser clamps
the hrri f‘ on the renal arteries, 5 mi of saline were myected subcutancoush at

¢ of operation and agam 5 hours later No drinlang water was provided and
the anumals were hilled 24 hours after operation

Quumine was uscd as a 10 per cent solution of quimne hydrochloride dissohved 1n
2 10 pcr cent solution of urethane Doses of 135 mg per kg body weight were inpeeted
subcutancoushy at the time of operation and again % hours later

Horphologic methods At autopsy effusions were collected b3 a pipette and vo
lumes measured Tissues were fived in caloum chloride formabin as a routme In
some cases Carnov's or Regauds fixatron {luid was used Periodre acid—Schiif
statming was cmploved as a routmne (Pearse 1960) Sclecled tissue blocks hoown
to cantain pathalogieal vessels were sectianed for spectal stains  Casons stain
(1950) Mallorys phosph ic i—h xshn h 1 and
Feulgens nuelear stamn alternate PAS—stained sections being used for comparison

In cvaluation of sascular pathalogy lesions were graded using a scale ranging
from O to 4+ +, the average degree of vaseular drscase for an amimal was calen
lated on the basis of several slides and expressed as absen! mimmal moderate oF
severe

Faperiments with fluorescent prolein tracer Tooled rat serum was conyugaied
with Tissamine Rhodamine RB 200 rs described by \arrn (1962) Unconjugated die
was removed by charcoal extraction Various doses of tracer and different routes
of adminmistration (intrasenous and intraperitoneal myection) nere tried I ali ex
petiments a sham aperated control ahumal and an ammal subjicted to hidnes
1schaemia were injected with wdentical amounts of fracer protem After fixation
i formalm or Carnots fluid tssues were embedded, deparaffinized <ectrons
mounted 1t “Fluarmount (f Gurr} were examined under ultraviolet blue hght
Alternate PAS stained stctions were used for comparrson

Two different batches of conjugated serum were used Serum A (2 cxperiments)
Protein concentration about 40 mg/m! Volectlar ratio of fluorechrome to protein
about 3 Tatal dosc emploved 3 4 m)

Serum B (3 experimunts) Protein conceniration ahont 20 mg/mil Molecatar ratio
of fluorochrome to protein about 03 (suboptimal degree of conjugation) Total
dose employed § 16 m}

Both sera were compated with a normal unconjugated rat serum by immune
clectrophoresys Serum B showed a secrmungls normal preepitation pattern whereas
serum % which was subjected ta immunoclectrophoresis several months after the
cxperimunts emplaswag this serum showed x terdency to donble contouring of
the albumin precipriation hine thrs may possibly madicate 2 shight denaturation

Proteint concentrations in stra and offusions were determined by spectrophota
metric mcasurements al 2600 and 2800 L A nomograph (F idams) based on the
data of Warburg & Christean (Brochem 7 310 384 1942) was nsed

Immunodlctrophoresis was performed s described by Schedegger (195%) Ap
piratus §hB 6800 A Antiserum was produced i rabbits by repeated imjechions of
rat plasma mised with freunds adjuvant

Paper elrctrophorcsis was performed wn LRB apparatus 1276 BN (honizental
strips) wath Sthlexher and Sebull 2043 bmgl paper strips Buffer vurcmalbuffer
H &G 007 molar with b mg <o walomm (Louredl 1956} The dricd strips were
stamed with Amidoblack 10B

S rum urca was determmned by Conways method

RISUITS

Climcal Picture
Aammals subjected to kadncy ischaemia by the methods deserthed re
generally 1 a bad condition affer 24 hours thewr general condibion
<eems elearly worse than the condition of anumils 24 hours after bt
lateral nephrectomy Very aften dyspnoca 1s a pronuncnt foature
In ammas subjected o the stndard procedurc only small canges

mn hody weight were recorded m most eascs Measurements of blood
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pressure (plethysmographic method) were rerformed in a few anmnals,
but no conclusinve resutts were obtamed Anaesthiesia was badly tole-
raled, and it was difficult to obtain good readings m unanacsthetized
ammals Bleeding by decapitaton was very sluggish in most cases

dutopsy Observations and Chemical Studtes

In most ammals effusions 1 pleural and or peritoneal cavtties were
found The colour of the flurd was varymg from grayish—yellow to
haemorrhagic In ten ammals subjected to the standard procedure an
average of 3 7 ml was found, one animal had no effusion and one hd
9 mlof fluid

Delermunations of profemn concentration were performed on serum
and effusion flutd from these animals, mdividual salues are guen mn
Table 1 (see below) Generally, the serum proten fevel was higher in
ammals showing large effusions Serum and effusion fld from four
ammals were studied by ummunoclectrophorests and paper clectraphio-
resis All protein fractions of serum could be 1dentified m the effusion
flmd The presence of fibrinogen i the effusion fluid was evident by
the formation of clots after removal from the serous cavities

In many cases a pronounced ocdema of the pancreas was nohiced,
m severe cases the pancreatic tissue looked like embedded m a gela-
tinous mass with widely separated lobules In some eases hacmorrhages
m the pancreas were found The tissues, especially the mesenterium,
Aave an impression of succulence Oedema of the lung was macrosco-
meally visihle 10 3 out of 10 anumals subjected to the standard proce-
dure
Clearly visible necroses of the liver were found mn a single case The
hidnevs were marhedly changed. an mtermingling of congested and

palc areas on the hidney surface was the general finding

Mcroscopeal Observations
The most important feature was a deposition of PAS-positive sub-
ofance m he salls of small arteries and arterioles These deposits were
sometincs located 1n the whole areumference of the vessel g 13,
womclimes only m part of the circumference (F1g 2) In vessels longs
fudmally sectioned this patehy character of the deposition was often
evident Vissels showmg deposits were most often found m the pmn-
creas and mtestines, mneluding the mesenterum, but were found alse
1 the stomach and byer In rare cases deposils were found n arterioles
10 the right side of the hieart In sections stamed by Cason’s triehrome
the deposits shewed up as red (fuchsimoplilic) With Mallorys phos-
photungstic acid-haematoxyfin many PAS-posttne deposits shoved 2
dark blue reaction (fibrin reaction), deposits were cosimophilic n
hacmatoxy lin-cosm otatned scctions In plices where PAS-postine de-

posits were found, a loss of buclerin the mediy of the vessel was most

often ohsersed
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Fig 1

Fig 1 (PAS stain) Ocdema of pancreas, arteriole showming PAS positise deposit 1n
media (X 150)

Fig 2 (PAS stain} Pancreatic artery showing PAS positive matenial mn the media,
onlv a part of the cireumference 1s imvolved (X 375)

Another wmportant finding was a pronounced nterstitial oedema,
especially noticeable m the pancreas I obules of pancreatic tissue were
wadels separated (Fig 1), and a hibnllar precipitate was visible in the
miershizum

The occurrence of these lesions varied 1in different ammals, i seve-
rely affected animals many vessels showing PAS positive deposits could
be found 1n a smgle section, 1n others oniy a fewn pathologieal vessels
were found 1n several sections Interstiial oedema was likewise varying

The necrotic foc1 found 1n the Iner of a single animal were rather
sharply demarcated from surrounding, apparently normal, tissue

In sections of the hidneys a picture of severe degeneration was seen
In some areas congestion was noted, other arcas appeared totally
1schaemic The degree of degeneration saned i different places, m
some places no nucler were visible, 1 others nucle: could still be found

Studies Employing Fluorescent Protewn Tracing

These studies were undertaken in order to msestigate, whether the
PAS-positine deposits i vascular walls nught be, at least partly, com
posed of serum proteins

As mentioned previously each of these experiments nvolied the
admmstration of equal volumes of rhodamine-conjugated rat serum
protein solution to a sham operated control animal and a rat subjected
1o hadney 1schacmia Some difficulty was experienced n selecting su
table doses Five experiments were performed (10 ammals), m four
27
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pressure (plethysmographic method) wcre performed 1n a few antmals,
but no conclusine results were obtained Anacsthesta was badly lnlc,
rated, and 1t was difficult to obtamn good readings n unanacsthetized
antmals Blecding by decapitaton was very sluggish m most cases

Aulopsy Observations and Chemucal Sludres

In most anumals effusions 1n pleural andior peritoneal cavities were
found The colour of the fluid was varying from grayish—yellow to
hacmorrhagic In ten animals subjeeted to the standard procedure an
average of 37 ml was found, one animal had no <ffusion and one lnd
4 mt of flurd

Determinations of prolan concentration were performed on scrum
and effusion fluid from these anmmals, individual values are gien m
Table 1 (sce bedow) Generally, the serum protemn level was lugher
antmals showing large effusions Serum and effusion flmd from four
amimals were studied by mmmunoclectrophoresis and paper electropho-
rests All protan fractions of serum could he wdentified mn the effusion
flmid The presence of fibrinogen m the effusion fluid was evident by
the formation of clots after removal from the serous cavities

In many cases a pronounced oedema of the pancreas was noticed,
m severe cases the pancreatie tissue looked hike embedded n a gelr-
tinous mass with widely separated lobules In some cases hacmorrhages
n the pancreas were found The tissues, especially the mesenterum,
gwe an impression of succulence Oedema of the lung was macrosce
pically s1sible m 3 out of 10 anmmals subjected to the standard proce-
dure
Clearly visible necroses of the hyer were found 1 a single case The
kidneys were markedly changed, an intermingling of congested and
pale areas on the hidncy surface was the general finding

Wicroscopreal Observations

The most tmportant foature was a deposttion of PAS posttive sub
stance 1n the walls of small arteries and arterioles These depostts were
sometimes located 1 the whole crrcumference of the vessel (Fig 1),
sometimes only in part of the eircumfercnee (g 2} In vessels longi-
tudinally scctioned this patehy character of the deposttion was oftcn
evident Vessels showng deposits were most often found m the pan-
creas and mtestines, ncluding the mesentertum, but were found also
n the stomach and fiver In rare cases depasits were found i arke rioles
m the right side of the heart In sections stamed by ( 1son s trichromc
the deposits showed up as rcd (fuchsimophihe) With Mallorvs phos-
photungstic acid-haematoxyhin many PAS-positine deposits shewed =
dark blue reaction (fibrin reaction)  deposits were cosmnophilic 1n
(matoxylin-cosin stuned scetions In places wherc PAS positine de-

IR
a loss of nucler 1 the media of the vessel was most

posits were found,
often observed
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Fig 1 Fig 2

Fig 1 (PAS stain) Ocdema of pancreas arteriole showing PAS positive depnsit 10
media (X 150)

Fig 2 (PAS stain) Pancreatic artery showing PAS positive material 1n the media,
onls a patt of the mrcomferente 33 1nvolved (X 375)

Another important finding was s pronounced inferstitial ocdema,
especially noticeable in the pancreas Lohules of pancreatic tissue nere
widely separated (Fig 1), and a fibnllar precipitate was visible n the
ntershitium

The occurrence of these lesions varied in different amimals n seve
rely affected animals many vessels showing PAS positnve deposits could
be found 1n a single section m others only a few pathological vessels
were found 1n several sections Interstitial oedema was likewise varying

The necrotic foc1 found n the Iner of a single amiumal were rather
sharply demarcated from surrounding apparent!y normal tissue

In sections of the hidneys a picture of severe degeneration was seen
In some areas comgestion was noted other areas appeared totally
1schaemic The degree of degeneration varied in different places,
some places no nucler were visible, m others nucler could stll be found

Studies Employing Fluorescent Profein Trating

These studies were undertaken n order to nvestigate, whether the
PAS posttise deposits 1 vascular walls might he at least parfly com
posed of serum protetns

As mentioned presiously each of these experiments imvolied the
administration of equal volumes of rhodamine conjugated rat serum
protein solution to a sham operated control ammal and a rat subjected
to kidney 1schacmia Some difficulty was experienced selecting su-
table doses Five experiments were performed (10 amimals), i four
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Iuoreseenee photomicrograph (ultraviolet-blue light) Scetion of pancreas

Fig 3

Frg 3
At upper and

showing large vein with tracer contaiming plasma m lumen
Tower left arteroles showing fluorcseent tracer deposits in medin (X 120)
I'tg % Fluorescence photomicrograph  (ultraviolet-blue Light) Pancreatie arters
showing fluorescent tracer deposit 1n media (X 225)

experiments hidney 1schaemia was induced by silver elamps and mntra-
peritoneal mjections of conjugated protem were used, 1N one expert-
ment rubber eapsules were applied o the hidneys and ntravenous
mnjections of tracer protemn were used The experimental period covered
24-29 hours

In all of the five anmimals subjected to hudney ischaenna deposits of
tracer protem were found m the media of a smaller or larger number
of artenal or arteriolar vessels (Figs 3 and 4) These vessels were found
m scctions of pancreas or ntestines, mcluding the mesenterium In
most placcs a good topographical correspondence between the fluore-
scent deposit scen under ultraviolet hght and a PAS-postine deposit
in the eontiguotts section exammcd under visible hght was found In
two of these experiments the tracer dose was apparcntly too small tthe
dsye concentration of the conjugate was rather low), deposits were
visible as rather famt, but still well rceognrzable, 3cliow spols i these
cases, whereas the fluoreseence was brighter and more orange rcd m
the other expenments

Care was taken to examme a comparable number of sechions from the
control animal 1 cach of the five expertments In no case were found
PAS-positine vascular deposits  no fluorescent deposits were found

any
alls 1n sectrons studied under ultraviolet ight

1 vasenlar v
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All of the five amimals subjected to kadnes 1schacma showed a typt
cal ocdema of the pancreas 1n sections a fluoreseent netsork of pre
eipitated (f1xed) protein 1n the interstibial tissue was seen

Incomplelely Operated A nimals

Two armumals subjected to the standard procedure showed nracrosco
pically visible intact areas mn enc hidnes at antopsy These ammals
were 1 good climical condihion after 24 houss thes showed a marhed
loss of weight (16 and 24 grammes) Serum protein was 82 83 per
cent this value 1s higher than the values usually found in rats with
complete kidnev 1schaemia and was judged to be due to dehydration
No effusions were found one ammal had no vascul ir lesions the other
moderate lesions

\ephrectomt ed Animals

In order to studv the effect of tolal lack of hidnes funetion per se
three amamals were hilatcrally nephrectormzed hut otherwise treated
accordmng 1o the standard procedure Clinical condition after 21 hours
was good one amimal had no effusion the two others had 02 and 05
ml of fluid in the pleural cavity Two of these ammals had no vascular
lestons and one anumal munumal lesions

The Effect of Quimne on Serous Effusions and V ascular Disease

Quinme has heen reported to suppress the mcreased capillary perme
ability following thermal or chemrcal injury (Spector & Willoughby
1960) Since the expenimental disease described 1n the present paper
appears to myolve increased capitlary permealihitv 1t was decided to
try the effect of quinine on pathological mamfestations resulting from
hidnev ischaermia

Twenty animals were subjected fo the standard procedure Ten
served as cantrol anumals ten animals were treated with quinine hydro
chloride (120 mg kg at the time of operation and agan 5 hours later)

Chimically one stribang difference between treated and untreated ani
mals was ol served dvspnoea was a general finding m the control ani
mals whereas only two treated amimals had shght dyspnoea

Results of chemical and morphologieal studies are gnen in Table 1
It 1s clearly seen that avery substanfial reduction 1 volume of effusion
flowd 15 ot tuned by treatment wath quwne The average volume 1 the
treated group 1s onk a few per cent of the average value for the un
treated control group S1¢ out of 10 treated animals showed no effusions
at all This absence or pronounced reduction of pleural effusions
the treated amimals explamns the chnreal difference between the two
groups Also ocdema of the lung was found in three control animals
but not m the treated group Generally oedema of the pancreas was
much mare prancusced m the control group

Eomtine- gy



Fig 3 Fig 4
Fig 3 [ luorescence photomicrograph (ultrasialet-bluce light) Sectton of pancreas
showing Targe vein with tricer containtng plasma 1n lumen At upper and
lower Ieft artertoles showing fluorescent tracer deposits i media (X 120)

Fig & 1luorcscence photomicrograph (ultravielet-blue light) Pancreatic arters

showing fluorescent tracer deposit 1n medra (X 225)

expermments hidney 1schaemia was induced hy siver clamps and mntra-
peritoneal mjections of conjugated protemn were used, 1n one experi-
ment rubber capsules were applied to the kidneys and ntravenous
mjections of tracer protemn were used The experimental period covered
21 29 hours

In all of the five anmmals subjected to hidney rschacmia deposits of
tracer protemn were found m the media of 4 smaller or larger number
of arterial or arteriolar sessels (Figs 3 and 4) These vessels were found
n sections of pancreas or intestmes, mcluding the mesenterium In
most places a good topographucal correspondence between the fluore-
scent depostt seen under ultraviolet hght and a PAS-positine deposit
n the contiguous scetion examined under visible ight was found In
two of these expertments the tracer dose was apparently too small tthe
dye concentration of the conjugate was rather low), diposits were
vasible as rather famnt, but stil well recognizable, yellow spots mn these
cases, whereas the fluorescence was hrighter and more orange red n

the ather experiments
Care was taken to examne a comparahle number of sections from the

control anunal n each of the fise expertments In no case were found
any PAS-positive vascular deposits  no fluorescent deposits were founad
1n vascular walls 1in sections studied under uitrasioiet hight
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shin chemically mduced pleurisy (Spector & Wlloughby 1960), and
some forms of protanurny (Carene & Spector 1960) In the present
study the admunistration of quimine brought about 8 complete or very
substantial suppression of the formation of serous effustions This was
thought to be due to an ant: permeability effect of quinmine, although
1t 1s Tealized that other effects (e g cardiosascular) of thus compound
might be of importance The effect of quinine on the occurrence of PAS
positne deposits 1n artersal and artersolar walls could not b considered
to be significant

The present study offers a parallel to several observations m the hte
rature Ligation of hoth mam renal arteries 1n dogs causes necrotizing
sascular disease and oedema of several organs (Winlerniz ef al 1H40)
In rabbits scrous effusions are produced by bilateral mfarctions of the
fadness (Narrn 1904) an further studies effusions were produced by
admimistration of renal exiracts and remin preparations to nephrecto
mized ammals (Nairn Masson & Corcoran 1996) No vascular lesions
were reported in these studies Partial renal nfarctions m rals gne nist
to hypertension and vascular disease (Ioonus 1946) In 1 few (un
published) expermments using one of Ioonus methods (infarction of
one and 4 half kidney) I have noted a fow amimals displaying acute
PAS jositive vascular lesions in the pancreas these lesions have been
found about two weeks after the o] eration and are very similar to the
lesions produced by the methods described in the present paper al
though the adventitial cellular infiltration 15 more pronounced In two
of these ammals y anereatic oedema was present onc had serous effu
s10ns The occurrence of pancreatic oedema in rats with expenimental
malignant hspertension has heen described by Byrom (1928 59)

Deposits of fluorescent serum protemn tracer n vascular walls hase
heen demonstrated m rats exposed to repeated injections of angiotensin
(Giese 1961) Txudation of serum protewns nto yascular walls and other
}::;‘:l‘;‘has ll.ecn stressed as an important pathogenetic factor 1n mahg
B pertension (Awncard Smuth VcMichael & Murphy 1928) and in

eclampsia (Telford Govan 1961)

ST MMARY

1 Induction of severe renal sschacmia in rats gives mise to serous
ffusions interstiial oedemn of connective tissue and acute vascular
fesions mvolving deposition of PAS positive substances i arterial and
arteriolar walls These Pathological ehanges are manifest after 24 houss

2 Chemmenl «tud
tes show sumlanity between protemn f

T
serum and effusions r actions of

4 Fluorescent protein tracer studies s pport the assumption that the
; T t: P T
deposits 1n artertoles and s T form 1 least par! Y
mall arteries are formed (at least p y) b

4 Th
e central pathogenetye mechanism 1s supposed to be an merea
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A rather large number of shides was examned m order to compare
the vascular pathology n the two groups. It 1s scen from the table, that
depostts were absent 1in 3 out of 10 treated ammals, whereas 2ll animals
m the control group had PAS-positne deposits to a varying degree Se-
ven treated animals showed deposits, the average degree of vascular
disease i these antmals may be a hitle fess than the average for the
untreated group Takmng into account the small number of animals and
the inherent diffrculties of morphologic grading, the observed effect of
quinme on the occurrence of PAS-positive deposits i vaseular walls
cannot be consudered to he sigmificant

DISCUSSION

The expersments reported here show that mnduction of severe renal
1schaemin in the rat may give rise to wncreased capllary permeabilily
as evidenced by the formation of protem-contmining effusions i the
body cavities and interstitial oedema of conneetive tissue The protein
fractions demonstrable 1n serum by immunoelectrophoresis and paper
clcetrophoresis are also demonstrable m the effusion fluid, 1t seems
that a greater transcapillary transport of plasmatic flutd 1s mtiated by
the mduction of renal 1schacmia

Another prominent pathological manifestation caused by renal 1scha
e s & vasctlar lesion, which 1s charactenized by deposttion of a PAS-
positive substance i the walls of small artertes and arterioles The
studies employing fluorescent protein tracer support the assumption,
that these deposits are composed (at least partly) of serum proteins
the deposits are accompanied by a foss of nucler n the media of the
1essel

If these two pathological changes are related, a possible concluston
15, that the endothehal cell i the artertole and small artery 15 affeeted
m the same way as the capillary endothelial cell The mereased perme-
ability of the eapillaries grves nise to serous effusions and nterstibial
oodm;m of conneetive frssue, shereas the increased permeahdity of the
luminal endothelial layer mn the arteriole or small artery may allow an
inereased passage of plasmatie fluid nto the vascular wall, resulting
1n places 1in the deposttion of protemns

The pathogenctic mechanism responsible for the mercase tn \nscu‘lnr
permeability m ammals subjected to hidney ischacmia has not hetn
wdentificd A release of remm from the ischaemie hidneys might be rr;
sponsible, 1t 15 generally asstuned, that such a release does oceur .m(]
st 1s well known, that renin has the property of mducmg( I’I;Cr( 150
capiflary permeabilits (Addis et al 1949, Paldine & Iygman 19% I) .

Another possibly 1mport‘ml(gxc;lll,u:l;:;x_;;nght be an actnahion o

“ 2, )
plesma P(‘Fllm‘nl;:i‘:;“ 5:1':(]))\‘\':1,"10 c:untcr.lct increased camliary perme-
nl;gxl:l;n:ca ;i:nﬂ;er of expenimentl sitiations  thermal injury of the
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STUDIES ON C-REACTIVE PROTEIN

9 The Presence of C-Reactive Protern during the
Pre- and Neonalal Pertod

By
Lars & Hanson and Lars & Niwsson
Recerved 1718 62

Cereactive protein (CRP) has heen demonstrated w frequencies he-
twcen 0 and 82 per cent during the latter part of the pregnaney (2, 3,
7, 8,13, 15 16, 17, 18) and at parturition (2, 3, 4, 8, 10, 13, 15, 16, 18),
but 1t 1¢ rarcly found m umhilical cord sera (2, 8, 10, 15, 16, 18) exeept
i a few mvestigations which report the frequency to be about 15 per
cent (3, 4, 7, 19) These findings have been assumed to imdicate that
CRP docs not pass the placental barricr (3, 8, 10, 15, 16, 19) CRP has
not been demonstrated 1n human milk {10, 11) 1t has been discussed
whether or nof the infant may he able to form CRP shortly after par-
turition as 1 some cases CRP has heen found in sera from infants
durnng the neonatal penod (3, 4, 7, 8, 10, 15, 16)

Recent studies haive shown that the precipitation m agar gel 1s a sery
sensitive and specific method wath which to demonstrate the presence
of CRP (9} This ntcthod has been apphed m a study on the presence

of CRP in the serum and milh from the mother and 1n the serum from
the offspring

MATFRIAL AND MFTHOD

fluman sera Umbilical card blood was tahen from £ ot ainc ~F1 1 =%,

samples were ohtained f

auu s sl AL Kbt Stockhalm

with the blood samples from 15
sd nt ant . artunition
l‘mplﬂ\:d“ v anlisera commercially available from Schieffelm Lid Were

HMethod The analvses were performed with
the dauble diffusien
f Duchterlany (12) 1n the micromodification of Wadsworth (20)“ X\é:‘e(‘fchi;lquc
rangement was used as shown in an earlies paper La] o ae

109
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sed permeabilily of endothehal ecells in capillaries and mn artertoles and
small arteries

5 Treatment with quumine was found to suppress the formaton of

effusions very definitely The effect of quinine on the occurrence of
PAS-positive vascular deposits was doubtful
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Number
of coser

9 12 3 a4 3 8 7 Agmdm
g 1
The presence of TRP 1n sera from hyperhitirubinaenic infants 0-7 d.

avs old as
demonstrated with a diffusion in gel methad

Fig 2
Comparative double diffusion analyses of a positise CRP eontrol serum (upper
middle hasin) and teo sera from Infants one (upper left hasin) and tnn fx onor

precipitates crossed each other and identified with two precipitates in
the spectrum formed by the control serum and CRPA (sce Fig 2}

o inhibitory effect on CRP by umbilical cord serum could be noted
tn a control experiment in which a CRP-positive serum was incubated

with a CRP negative umbilical cord serum prier to the diffusion-m gel
analysis
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RESULTS

Analyses for the presence of CRP were performed 1n 46 pairs of ma-
ternal and ummhilical cord sera taken after pregnancies of less than 40
weehs” duration CRP was found 1n only one of the umbilieal cord sera,
but was demonstrated in 38 of the maternal serum samples (Table 1}
The umbiheal cord serum which contained CRP was from a delnery
taking place after 38 weeks of pregnancy In this mstance CRP was
also found m the serum from the mother There was no evidence of
complication or disease m mother or child

TABLE 1

Presence of CRP in Colostrum and in Sera from Foeluses and \eonates and the
Corresponding Mothers

Number of cnre
wamples Posttive Negatine
Pregnancy Umbilical
15-38 cord serum 46 1 15
weeks Materasl serum 16 38 g
Tull term Umbilical cord
pregnaney serum 58 55
Maternal serum 58 51 7
Maternal colostrum 15 0 15
Maternal serum 15 15 0

Of the 58 umbilical cord sera from full term dehineries 3 contaned
CRP In the corresponding maternal sera CRP was present m 51 samp-
les, but was not found i 7 (Table 1) None of the three positive cases
showed any evidence of abnormahty during pregnancy or parturition

CRP was not demonstrable in any of the 15 tested colostrum samples,
whereas all of the serum samples from these mothers contaned the C-
rcactive protemn tTable 1)

\nalyses of 16 serum samples taken on the first day of Iife from in-
fants \\Nnh janndice showed, 1 agreement with the figures presented
in Table 1, that CRP was present in the umhilieal cord sera only n a
very few cases (Fig 1) In serum samples tahen one das after barth ot
was found m about 50 per cent of the eases A still higher frequencey
was found for the followmg three days, whereas at duninished at five
and sin days On the seventh day 7 of the 9 test samples showed the pre-

s 1)
SCIZ)C: ?121(1:1})‘1: :lf;}tlclon-ln-gcl analysis some of the sera from infants
g reactione of partial mterference with the CRP of the control
shov e A\In‘n\ of the sera showed the prosence of at least two separate

serum J with CRPA In several mstances two of these

precipitates ® hen teslec
™~
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In order to evaluate these findings 1compirison should be made with the
frequencies of CRP 1n sera from healths neonates A recentinvestigation
has shown that the frequencies at which CRP 1s present healths an
fants are shightly infertor to the ones found in this matenal consisting of
hyperbithrubimaemic nfants (1) This indicates that the demonstration
of CRP 1n the first week of Lifc cannot be used as 1 dingnostic entenion
suggesting a presence of pathologienl conditions So far it remains
unexplained at which stage the correlation between CRP and disease
mas be established 1n nfanis

SUMMLRY

The sensitise and specific double diffusion in g method 1s cmploved
for the imvestigation of CRP in the prenatal and neonatal periods

CRP 15 onhv occasionally foundd n umiheat cord sera wherens i 3s
often found 1n maternal sera

CRP 1s present at ncreasing frequencies in sert taken dueing the first
days of life {rom mnfants with hyvperbibirubinaenia

In some of the eases these ser contained material ginvang 2 reaction
of partial interference with the CRP 1n the control serum Some of the
sera gave spectra demonstrating a heterogeneity of the CRP

The frequency at which CRP 1s found in the present material includ
ng infants with jaundice 1s 2Almost sinular to the one reported by the

authors for healthy infants Thus the CRP test does not scem to he of
am chinteal salue during this period of hife
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DISCUSSTON

Studies on CRP n umhilical cord sera from prematures have heen
reported, among others, by Valsecclt & I'inzi (19, Bellomo & Muscolino
(3) and by Bellomo, Muscolino & D'Urso (4). The latter authors report
the presence of CRP n all of their cases as demonstrated with the pre-
eipitation n capillary fube method This frequeney for cord sera 1s not
m accord with the one we have found with a diffusion-in-gel methed
It may be noted that a few of the precipitation reactions obtamed with
the capullary tube method can be demonstrated to be of a non-specific
nature by means of diffusion-in-gel methods (9)

From reports in the iterature (3, 4, 8, 15, 16, 19) as well as from our
findings (1, 10) CRP seems to be present at a ligh frequency 1n the
maternal sera at partunition but at a lower frequency in sera from the
newborn Assumediy this may indicate that CRP does not pass the pla
cental barrier Another possible explanation of these findings nught be
the prescnce of some hind of CRP-inhubiting substance mn the umbiheal
cord serum On the other hand such a CRP-inhibiting effect of the um-
bilical cord scrum could not be verified by control experiments

The analyses of sera taken from mfants during their first week of life
show the presence of CRP tn more than 50 per cent of the eases Nemur
el al (7), Bellomo el al (3, 4) and Nesbilt et al (8) among others, have
reported the demonstration of CRP n some nfanis during the neonatal
period Bellomo ef al as wdll as Nesbult et al obtained deereasmg num-
hers of CRP-positive sera after the age of four to five days, which s m
accord with our findings In  chnically thoroughly examined matenal,
we have recently found a comparable distribution (1) The significance
of the higher frequency of CRP-positive scra on the seventh day of the
neonatal period 1s obscure but no defimite conclusions may be drawn
on the basis of such a small materral It would be of mterest to enlarge
the matersal and extend the investigation to include more than the first
weeh of hfe

The finding, that CBP 1 seldom demonstrated m umbzlieal cord sera
but 15 otten found n sera from mfants one or a fow days old nmught n-
dicate that infants are alrcady capable of forming CRP when they are
one day old It 15 possible that the fact of thus condition may be a ohi-
mulus to the establishment of myvestigations on the mcchanism and
locale of CRP formation which at prescnt are unknown (14) In ths
conncction 1t 15 of 1nterest to note that seme of the scra from mfants
provided material which only gave a reachion of partial mterferance
with the positne control serum  Probably this allustrates the hctero-
geneity of the CRP (9), which was alvo demonstrated by the crossing
of precipitates in CRP CRPA spectra (ef g 2)

In several serum samples from neonates no CRP was found although
all of these infants had hyperbibirubinacmia, m more than 23 of the

cases to such an extent that cxchange transfusions had to he undertahen



FROV THE BACTFRIOLOGICSL [ ABORATORY
SAHLGREVSR 4 SJLAHUSET, GOTHF\BLRG SWEDFN AND THF UNIVFRSITY
OF BERGEN SCHOOL OF MEDICINE THE GADE INSTITLTF DEPARTMFNT oF
MICRORIOLOGY HALAFLAND SYRFHLS HFRGEN SORW 4}

A FURTHER COMPARISON BETWEEN THE
REITER PROTEIN COMPLEMENT FIXATION TEST (RPCF)
AND THE TREPONEMA PALLIDUM IMMOBILIZATION
TEST (TPI)

By
J hJIELLANDER, O Strsers and Th ¥ VogeLsane

Recerved 26+ 62

In a previous paper (1} an investigation was deseribed 1 which the
RPCF was compared with the TPI 1n a selected material of sera from
patients with and without evidence of luetic infection This vestig-
ation has been continued along the same lines

MATFRIAL
Avbefore the aera ware cal tote¢ = * .
torses for R R
to find ser .
Sera gnin

In all Toy sera were meluded in the present imvestigation 413 from Gothenburg
::l;::‘dl-) from Bergen Thus together with the previcus material 1257 sera have heen

METHODS

“Th;;ame methods have been used 10 the present investigation as described earlier
N n{ (hcl“l:d" 35 veferred to this paper for details Here 1t should be mentioned
" 3 that the sera were sent to the two laboratories without accompanying notes

ese were not produced until the examination had becn e mpleted

RESULTS
The results are presented i Tables 1 8
""{}::Iyl—le‘ 1 shows the outeome of the reactions i the whole matenal
e TPI 15 considered as specific, 1t will be seen from the table that

the RPCF
oy was positive 1n 58% out of 734 TPI-positive sera (794 per

Table 2 shows the results from th
e part of the matenal which has
l::fn :o}lecu-d .m the present investigation Of the 409 Tp1 e
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16 of thesc sera came {rom patients with ssphilis 13 of thase were
early, treated cases, where the TPI did pever become posithyve or where
the reaction had rapidly become negatne 3 cases were old, treated
enses In the remamng 27 cases evidence of syphlis was absent, and
the RPCF must be consulered as {alse posatnne the majonty of these
cases, comprising 7 6 per cent of the RECF-positive sera

Table 3 shows a comparison belween the TPI and the STS i the
present materral The table shows that only 254 oul of the 402 TPI-
positive sera (83 2 per eent) gae cleag-cut reactians with the STS, te
15 per cent less than the RPCF In 16 of the 58 cases givng posiine
STS but negatise or inconcluse TP tests evidence of syphihis was
1nching, and the STS has thus goen false posdtnve reactons o the
majorty of these eases, COMPNING 18 1 per cent of the STS poutne
sera The frequency of false positive reactors wath the STS was thus
more than fwice that of the RPCF 1w this material

1t should be pointed out i this connection that part of the matennl
was sclected on the grounds that the STS gave weonclusne results
Tins explains the ugh frequency of mconclusse STS seen 1n Tables
3 5and 7 Of course such a high number of weonclusie STS (40 7 per
cent) wall not be found m a non selected routine matenial

TABLE 1
Qutcome of RPCF and TCI th 163 Sera {rom Patients with Syphdes not Treated
1= inconclusit e

I nrcr
™ | B —
+ | 2 Total

+ 135 12 7 154
933,
1 s 1 7°
2¢;
' 2 1 1 e
24

Tital 138 18 9 16
836 ¢, 109 55t 100 e

The present material ean be divided into two groups according to the
presence or absence of esidence of ssphilis 335 sera came from cases
presenting evidence of syphilis Of these 165 K
presenting ¢ 5 were untreated and 170

Table 4 shows the outcome of the RPCF and the TPI in the untreated
cases 933 per cent of the sera were positise with the TPI Of the 7
negative sera 2 came from patients with earls syphilis where the RPCF
was also negatine 4 were classified by the ehmcian as Iatent syphilis
on ncc;mnl of positine STS It 15 doubiful whether this dmgn‘asn L
correel sinee 3 of the sera gave negatine RPCF and one gave mcnnclu<



115

TABIT 1

Outeome of RPCH and TPI 1n 1257 Sera from Patienls with and withont Syphiis

t==1neonclusit e

necl
mnt
-

+ - ' Total

+ 583 13 7 734
8 gce

— 7 383 36 195
3910t

' 14 1 3 28
226

Total 671 509 7 1247
5346t 105 61¢, 100 ¢

TABLE, 2

Qulcome of RPCF and TPI 1n 728 Sera from Patients unth and without Syphtlis

pe=nconeiusu e

RPCF
el e e o
- - H To1l
3 73 15 402
+ 14 s
— 33 254 19 306
{20
1 10 7 3 20
28¢,
Total 357 334 37 728
490 ¢; 459 ¢ 51 100 ¢

TABLT 3

Outrome of STS and TPI tn 728 Sera from Patients with and without Syphilis

1= nconclusu ¢

‘ STS
TPl R
‘ + 1 Total
254 29 119 102
+ 5520,
— 50 90 166 306
20
8 1 n 20
! 28
312 120 206 728
Total 29 165 07 100 ¢
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TABLE 7

ts with Treated Sgphilis
CF and STS in 170 Sera from Palten
Outcome of RPCF an 1 == tnconclusive

\ RPLE

w e
3 72

+ 50 19 5,
2 14

— 14 28 28
1 54

T 36 17 s
170

100 B4 6
ot 5305 % 3Tt 35 100 ¢
TABLF 8

Outcome of RPCF and TPI wn 47% Sera from Patients with Sgphults wn Various Stages

4 TPt RPLF _
el ) ewr DAL AR | e
i |

Prenatal 17 15 2 0 0
Early 23 17 1 3 2
Tertiary 47 43 3 1 0
Neuro 51 50 1 0 b
Latent 128 103 10 3 8
Treated 210 120 33 16 38
Total 474 350 5% 23 16
Per cent 100 738 1n7 49 97

The outeome of the TPI and the RPCF 1n the treated cases ean be
seen in Table 6 69 4 per cent of the sera were positne with the TPI and
58 8 per cent with the RPCF Presumably this difference s a reflexion
of the hnown fact that the RPCF as a rule comverts to negatine more
rapidly than the TPI after adequate {reatment Since the matenal does
not allow for a grouping as to year of treatment we can not say to
which extenl this 1s true n the present matenal

In table 7 the RPCF has been compared with the STS mn this matenal
of treated cases The table shows that the RPCF ginves clearly positive
reactions to a greater extent than does the STS the difference hemng

about 16 per cent This, also 15 presumably due to the fact that the
STS turns negatine earlier than the RPCF after adequate treatment

In Table 8 a number of cases has been recorded in which data were
nalable as regards the stage of the disease at the tume when the
Tatients were tested The table meludes only those sera which gave
clear cut results with both tests In all the TPI has girien positnve
results more often than the RPCF, the difference being 6 8 per cent The
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snve result with this rcaction The last of the TPI-negative cases was
classified as aorhitts Juetiea, giving positive STS and RPCF

836 per cent of the sera were positive with the RPCE Of the 18
RPCI-negative cases, 3 came from patients with early syphilis two of
which were also TPI negatrve 2 were classified as neurolues (TPl
posilive) and 11 as latent lues (8 TPI-positine)

TABLE 5

Oulcome of RPCF and STS in 165 Scra from Patients with Syphilis not Treated
t=1nconclusu e

RreCF
oTS

+ i - i Totat

+ 109 9 4 122
739°¢

—_ 4 4 2 10
61¢

1 25 5 3 33
200

Total 138 18 9 165
836 1097 55 ct 100 ¢

In Table 5 the RPCF and the TS are compared m this material of
untreated syplulis It wdl be seen from the table that the RPCF has
given about 10 per cent more clearly positive results than the STS,
which to some extent has given mnconclusive results The 9 cases grvng
positne STS but negative RPCT comprise one ¢ xse of lertiary <3 plulis
(TPI-positive), onc case of ncurolues (TPI positnve) and 7 cases of
lues latens (6 TPI-posttive) Of the 4 cascs which gave poutine RPC
2 were classified as prenatal lues (umbiheal vein

but negatine STS, 2
blood, TPI posttive) and 2 as latent syphulis (TPI positive)

TABIF 6
Outeome of RPCF and TPI in 170 Sera fram Pattents with Treated Suphulis
1=1nconclusi ¢
nict
11 - _ _ _
+ ) Tatal

87 2 2 118

*+ 694
- 1 3% 2 16

271¢¢
2 2 2 6

! 3560
100 64 6 170

Total 488 Cc 377 35 100 e
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GEL FILTRATION OF SE
POLYOVA VIRUS HAEMAGGLUTININ ON SEPHADEX

By

J Jonsen, k HELGELAND and O LAHELLF

Gel filtration with the crosshnked polysacchande dextran “Sepha
dex has recently heen widely used for the separation of substances
with different molecular dimensions (1 3) The separation 1s related
to the molecular size of the test substances and 1s only to a small degree
influenced bv the solvent However, with some substances the ionie
strength and the pH of the gel column may cause both positive and ne-
gative sorphion to the bed materal partly caused by small amounts of
10n1zed groups (2)

Gel filtration with sephadex has recently heen described as a desalt
g method for virus preparations which contained salt as a result of
punificabion procedures 14y

The present publication describes gel filtration experiments with
rolyoma virus suspended in a nutrient mediem The experimental con-
ditions have been vaned by changes m the molarity andor pH of the
buffer used for equilibration of the sephadex columns

MATERIAL A\D METHODS
Viras Material
The poly ma agent origina 2 ¢ —~ - o7
wart It 1nduced tumour form
embryo monolaver cultures ¢
and 0002 per cent phenol Tec
serum protems the gel exper

- U4 U4ys LUG € USE LRE VITES Suspension Was clars
speed centrifugation arhed by low

Preparats n of Column

Sephadex G 75 (Pharmacia Lppsala Sweden) with a w

ater regain of
n;‘r Ig L;rsﬂgel was emploved 11 g of the gel was suspended 10 ahm..":sz 7rngl ‘;l:«‘:sr
Bhate buller of desired molanity and 1omic strength Aftcr sedimentation fan &

421
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majority of these cases belong to the group of Jatent syphilis and, as
cxpeeted, among the treatcd cases In the remaining group of lite
syphulis the difference 15 not as marked, and m the group of early
syplults there were 20 RPCI-positive sera but 18 TPI-positise

DISCUSSION

The results of the present mvestigation do well agree with those
of the previous one (1) and also with resylts obtamed by other m-
veshigators, eg Wilkinson (2), Olanshy et al (3), Dorp-Petersen {4)
and Vogelsany ef al (5) It 1s evident that the RPCF, as carried out
here, cannot replace the TPI It does not attam the specificty of this
reaction, but it can he considered as a valuable complement to the STS
It 15 possible that a standardization and improvment of the Reler an-
tigen along the hnes attempted by, ¢ ¢, Pulof et al (6), will further
inerease the sensitisity and specificity of the reiction Probabiy it will
not be long hefore 1t 15 Justified to replacc the cardiohpin antigen of the
WR with a Reiter antigen

SUMMLRY

Tlus investigation has shown that, as far as specifiesty coneerns, the
RPCI" can be chissified between the TPI and the SIS In an undiffer-
entrated material of syphilitic sera the RPCI gave 10-15 per cent more
positive reactions than the STS, but about 10 per cent less positine
reactions than the TPl ‘1hc frequency of false postlive reactions was
about twice as igh with the S1S as with the RPCE (18 1 per cent as
comparcd to 76 per cent) As a rule, RPCE turns positive somewhit
earhicr than the TPI i cascs of early syphilis On the other hand, the
TPI remains reactive for a longer tunc after treatment than does the
RPCF which 1n this respeet secns to oceupy a plhice between the TP1

and the STS
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preciptation with 4g\0s No precipitation took place in the high mole
cular fractions (1 14) which contamned the hacmagglutinins The elu
tion of chloride started 1n fractions in which the first appearance of
small molecular U\ material was evident The total UV material 1n
these fractions was dialysable by conventional dialvsis against 0 8o per
cent saline

The experument with the 0001 M [H 7 2 buffer gave results nearly
wdentical to those obtaned with the 601 M pH 72 buffer The hae
magglutinins were recovered m 33 m! (fractions 7-12) and the hae
magglutinin peak was separated from the subsequent ultraviolet ab
sorbing peak by six fractions 15 was the case with the 601 M pH 72
buffer

The experiment with the 0001 M pH 55 buffer followed essentially
the same pattern as that obtawned with the 001 M pH 7 2 buffer The
haemagglutinin contmining fractions cluted with the acid huffer were
shightly turbid A summary of results obtained 1n the Hiltration expen:
ments are presented in Table 1

TABLF 1
Gel F ltrat on of Polyoma Virus Suspens ons with Sephaler 75 as Bed Matertal
tnput Recovery
Buffer Tule no
ms oD na oD
to 31 total total ., total .

0oL M 6100 313 713 3307 57 97

PHT2 1421 0 0 15 3;
22 4 o 0 27 3

001\ 3200 313 712 203+ 1] 3

pHT2 1319 1 0 o5 3
20-34 [} 0 209 67

001\ 2816 387 28 316

PH 65 14 306 "

001\ 1600 813

pHEBO 1410 90

001y 3200 304 712 1760 B 1

pH5ES 1319 [ o i 4
20-31 0 0 214 60

DISCUSSION

“I)(‘\nllmg of virus suspensions 1s mostl;
ultracentrifugation These methods are at hest
may cause loss of virus material The gel hltrn:::):e :xu::rlx‘:;n% -
seribed above show that sephadex G 75 1s excellent for th ey
of SF polyoma virus which was present 1n a nutrient e‘ s
smll molecular substances which absorb ultray 1olet In h‘l“ﬂ e el
m fractions which were distinctly separated from |hc§,,ﬂ}:‘:z]du§ed
8 ecular

y achieved by dialysis or by
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column was kept 1n a distinet vertieal position and was partly filled with phosphate
buffer of room temperature when the sephadex suspension was introduced The
outlet cock of the column was kept closed until a 5 em layer had formed With the
outlet cock open the suspending buffer was then allowed to drain The length of the
prepared wet column was about 25 cm The column was then washed with 30 ml of
phosphate huffer The volume of the prepared column approximated 125 ml corre.
sponding to a capacity of abont 35 m} for desalting purposes

ipplication of Materal

1he phosphate buffer overlaying the sephades column was allowed to dram uatil
it had reached the upper nivean of the sephadex partieles 25 ml of virus suspension
(PP 19) was then carefully lavered upon the column

A small amount of huffer was used to wash the nner surface of the glass column
after the virus suspension had entered the sephadex column It was followed hy a
larger yolume of phosphate buffer for elution The elution rate was about 1 ml per
3 min The cluate was collceted m 55 ml fractions and the collection started at the
time when the material was put on the column

{naluses on Fluted Vaterial

Iach fraction was assayed for vrus hacmagelutinins To 02 ml samples W23
added 02 ml of a 04 per cent suspension of guinca pig ery throcvtes and hacmagglus
tination was carricd out at 4° C The ultraviolet absorption of the ndnadual frac
tions was estimated at 260 my and 286 my and the whole spectrum in the range
230 370 my was determined on selected fractions

The absorption at 430 my was used to follow the elution of phenol red which at
this wavelength oxhibits a pronounced absorption peak Phenol red also absorbs
the ultraviolet light throughout the entire 230-370 my range The readings were
therefore corrected by subtraction of the absorption due to the calculated amount
of phenol red present in cach fraction

RESULTS

Experiments were made with sephadex which had been cquilibrated
with phosphate buffers of varying pH and molanty (Table 1) In the
experiment with the 0 01 M, pH 7 2 buffer (Fig 1) the hacmaggiutmins
were cluted 1 fractions 7-13 comprising a total volume of 385 mi
compared with a volume of 25 ml for the material put on the column
The recovery of hacmagglutinins by the elution was 34 per cent The
distribution of the agglutinms 1n the posiine fractions gase no evidence
for any separation mnto hacmagglutiming with different affimies to
the hed materal and the ultraviolet absorption of the fractions had all
a mnm absorption at 251 252 my The 280/260 ratios were about 1.3
The absorplton at 260 my and 280 mj3 of the dnadual posttive frac-
tions followed closely the mdiadual amounts of the hacmagglutimins
When compared with the positine fractions, the amount of uliraviolet
absorbing matenal i the negative fraction 14 1s at the tumt for a po-
sitive hacmagglutination test ‘

The elution of virus haemagglutinins was followcd by fractions 15 20
which contamed yvery small amounts of yitraviolct absorhmg mate Em)
The subsequent fractions 21-10 contained material abserbing at 260
and 280 my and, 1n addition, fractions 28 40 contaned phenol-red

Sodium chlonde 1s the dommating part of Hanhs balanced salt <olu-

tion Iis position the elution cdhagram was qualiatively mdicated by
10!
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Gel filtration of SE polyoma virus haemagglutinin on Sephadex G-75

Polvoma virus in I'agle Hank with phenol red as ndicator
UY material at 280

———- phenol red at 430 %

Tlution with 001 M, pl 72 phosphate huffer

fractions which contained haemagglutinins The filtration also removed
the phenol red indicator from the virus suspension On the other hand,
no separation of virus haemagglutimins from high molecular non vral
components was achiesed, and the absorption speetrum of the 1solated
fractions was apparently dominated by the latter (ID280/260 = 13)

A moderate dilution of the virus suspension occurs during the desalting
procedure but a ramd concentration could again be achieved by troat-
ment of the virus suspension with dry sephadex In our experiments
the clution of the material has been made with phosphate buffers of
varying pH and molarity, but 1n the conditions described no sigmficant
difference was found in the elution patterns The salt composition and
the pH of the cluted virus fractions will correspond to those of the
equilibration buffer Filtrations with sephadex as bed matenal 1s there-
fore convenient compared wsith conventional dialysis when it 1s desi-
rable to change the suspending medium for a virus suspension The
removal of small molecular substanccs and phenol red from the virus
suspension will greatly facilhitate analyses with which these materals
interfere In many experiments a more or less pronounced loss 1n re-
covered HA units was found In some experiments, however, the re-
covery was equal to or cxceeded the HA umts put on the column It s
therefore probable that a fadure to obtain maximum rceovery 1s most
lhkely due to uncertmnties in the HA determmations A small virns
nactivation or loss due to other causes can however not be ruled out
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MATERIALS

The sera were obtained from pregnant women or hlood donors presenting no
demonstrable irregular blood type antibodies They contained no additives Mast of
these were tested either fresh or after storage at 4° C for up to 4 davs a few Were
tested after storage at —22° C for up to 5 months

METHODS

Tufration of the 180 aggluttmns The sera were testel n saline using doubling
dilutions Fresh red cells tullected 1n 4CD solution once washed and made up to a
025 per cent <uspersion were added m equal am nnts The tubes were hept for 18
hours at 4° C followed by nne hour at room temperatare before thev were examined
for agglutination The titres were recorded as the reciprocal of the final dilution
gning macroscopic agglutination Testing of the incomplete anti A and anti B
This was performed hy the indirect test after of the
agglutinins as described by Dunsford & Bowley (3) A broadspectrum antiglabulin
Teagent was used The titres were Tecorded as the reciprocal of the final dilution
gnang by

The complement fization test The complement source was fresh human serum
or serum stored at —22°C It was from an AB Le(a b ) donor without irregular
anutodies The guinea pig complement Was either Iresh or stored as mentioned
above The complement was titrated 1n saline and tested against the same indicator
system as in the actual test It was required that the complement contatning serum
should have an actiity strong enough to be diluted 1 1m 4 for human complement
and 110 14 for gunea pig The dos¢ of ¢ was 2 times the
runimal dose giv10g a 100 per cent haemolysis

The pH of the serum saline dilutions was fousd to be about 74 a suitable val »

L u a1 llu Leus wete ol Lype
Le(a b ) They were collected 1n ACD solution wsed fresh or stored at 4° C for up
to two weeks and washed 10 saline at least 3 times before use The stored cells gave

Just as good results as the fresh ones The cells were used 1n a 10 per cent suspebsion
i saline

The
and ™
was of

minute P b ¢ supernatant was tested against

indicator system at 37° C far 15 min The supernatant showze?! ags a rulozln?‘h:f»:':e
Iyvsis probably beca

fuged and the amour

was estimated by gr

~mall trates of hacr

as the final dilution

Group O cells were a

o

wu waa liehaune control

RESLLTS

142 random sera from

B and O human red cel

wards the ABO groupmn;
are shown in Table 1

pregnant women were tested agamst group A,
Is by the complement fixation test and aftcr’

g was carried out as blind tests’ The Tesults
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(CHIFF OTTO HARTVMANN, U D)

NATURALLY OCCURRING ANTI.A AND ANTI-B AND
THEIR ABILITY TO I''X COMPLEMENT

y

Prork @st6ARo and Hirarn OR1as1TiR
Recaved 281 62

Anbi-A (and anb-B) antisera from different subjects may Oiffer
greatly an their serologie properties They are usually divided nto two
elasses “natural” and “mmmuane”, this diviston 1s conventent but not
absolute The classes have been differentiated by eight properties (7)
of which the most “charaeteristic™ arc  that * immune” antibodies hne-
molyse group A: (group B) human red cells, sensitise red cells to the
antiglobuhin test even after nentralization with an excess of AB sub-
stance, ave an optimum femperature of 37° C, react with pig A-w-
figen, and fix complement ~ whercas “natural” antibodies do nothing
of this

Istherto few mveshigators have studied the abiity to iy complement
Ta the best of our knowledge the first investigation was carried ot by
Scluff & Adelsberger in 1924 (9}, “normal” human scra were fested and
only 4 out of more than 100 sera were found to fix complement when
testcd agamst human red cells of group A, B or AB Later, eomplement
fixng antibodies wath A-specificity were found by Wilebshy (10) ma
group Q mother who was delnered of a child suffering from a hacmo
tytie disease This author reperted that the “naturally’ occurring tso-
agglutinins did not present this abihity of fixing complement

Lrunn ef al (4, 5) demonstrated a presence of complement Nixing
anbibodics with Asspeeificity 1 scra from * dangerous’ unnversal do-
nors None of these had ever recenved transfusion or other hnown st-
mult for a development of crythrocyle antibodies of immune 1y pe
neyertheless the sera appearcd to have scveral of the characteristics
attached to the 1 mmune antibodics

This work deals with further investigations on the complement frang
aluhty of the 1so antibodies of the ABO-system

The authors are greath ndebted to Or George Discombe of 1ondon for reading,
the manuscrspt and making valuable suggestinns
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The correlation 1s shown m kig 1 presenting also the 7 sera from
mothers delnvercd of babies suspecled of having hacmolytic diseases
On the whole, sera without demanstrable complement fixing actuvity had
an agglutimn titre below 11128-1/236 On the other hand, all sera with
complement frung abihty had agglutinin titres above 1/64 and most
of these above 1/128 Moreover, the hitres of complement fixing antt
bodies were approximately proportional to the agglutimin titres The 7

pathologieal sera showed no desiations from the rule Most of these
had comparatisely high titres, agglutimn titres as well as complement
freation titres, but they were as scattered as were the ‘ normal” ones
Fig 1

TABLE 3
Comparison of Human and Guinea Pig Complement in the Complement Fizatin

Test The Tests are Performed against Group 4y Human Rel Cells 1n Group O Sera
from Pregnant W omen

Culpea pig
complement
_ O} sum
+ i
Human complement + 6 37 13
Human complement 0 11 1
Sum 6 18 ot

All sera positne with guinea pig complement gave higher titres with human
complement

It was thought that the source of complement 1t some way or other
mught wiluence the sensitinity of the complement fixation test To n
vestigate this we performed parallel complement fixation tests hoth
with human and with gwimea pig complement vnder 1dentical condr
tions (Table 3) The table shows a sigmificantly higher frequency of
positive results obtained with human than with gmnea pig
complement The titres also were higher using human complement
The mmportance of different antigens was more closely examuned by
testing n parallel some ant1 A contaiming group O sera agatnst group
As and A- human red eells A» cells were regularly found to grve lower
titres than &; cells most frequently the difference was found to he
about 2 titre steps Simifarly, by lesting group O sera aganst Ay and
B celts Yower ntres were generally found aganst B cellshthan a‘m“ t
Arcells Ttis well known that the same 15 scen 1 agglutination legstsns

DISCLSSION
“ I’rlchmtmar) tests were made with a view to making our complement
Xalion test as sensitinve as possible, and s
', pectal precautions w
:;) ’I\md‘nnn speeific reactinns The amount of comp]emcnle;:tial;;n
cgree of concentration of the red cells were hoth as law as thes cmﬂs
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Fig 1
Correlation between the complement fixation titres against group 4 and B human
red cells and the agglutimm titres against the same red cells

The complement fixation titres recorded as points  + + + + =4 paints
+4+4 =3poemts
+4 =2 points
+ =1pots
— =0 points

X sera from blood donors
@ the last 7 sera shown in table 2

The findings show that the complcment firxing ability has the same
speeifieity as the iso-agglutinms m the ABO-vystem, and that more
than two thirds of the tested anti A sera and about one fourth of the
anti-B sera lind complement Only 1n one serum a weak positine reac-
tion occurred agamst the O(H) antigen used as control This indicated
that non-specilie fixation of complement had not influenced our resulls
Thus, the frequency of complement fiung antibodies was found to be
uncxpectedly high as compared with the earlier observations Seventeen
of the positive group O sera were therefore examined with the mdirect
anliglobulin test after neuiralization of agglutimns as mentioned before
(Tahle 2) Of these, 10 scra were from unselected “normal™ pregnant
women, while 7 sera were from mothers delivered of group A or B ha-
bies suspected of having hacmolytic diseases due to ant-A or anti-B
In the “normal” scra no or onlv doubtful traces of incomplete ant1 3
or anti-B were observed, althongh complement fixing antibodics wilh
relatively high titres could be demonstrated

Further, 29 sera from blood donors were tested an® = - -

complement fixing antibodies were comp ared wath the ag
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explained, but similar ohservations have been reported comparing the
haémolysing abihity with that of the agglutimation (1} Thus, the pro-
blem seems rather complex, although 1t 15 Justiftable to conclude that
the property of frxing complument 3s not a speeial charactenshie of the
immune” 1so-antibodies anti-A or anti-B, as has been usually sup-
posed, but rather an expression of the strength of the agglutimins, pos
sthly with an addition of complement fixing icomplete anti-A or antt B
antibodies That a high agglutimin titre by itself to some extent may be
an expression of ymmumsation 15 another question The difference
between the so called “immune” and *natural” anhi-A or anhi-B 1s pro-
Dably best regarded as a quanlitaine difference, as has been empha-
sized also by Wollison (6) who pointed out that probably all ants-A sera
contained at least traces of “wmmune ’ anti-A Its, however, improhable
that the complement fixing actnits found should be dcpendent on
traces of “y mmune’ antibodies

SUMMARY

This myvestigation deals with the complement fixing ability of ant A
and antt B antihodies as shown by a complement fixation test

Of 142 random sera frem pregnant women more than two thirds were
found to fix complement with Ay buman red cells and about one fourth
with B cells All complement fixing sera showed agglutinin titres higher
than about 1128 and an pproximate proportionahfy between the ag
gluhinm titre and the complement fixation titre could be demonstrated

The titralion of complement fixing antibodies against different an-
tigens such as Ay, A- and B human red cells, showed the same corre
Iations as arc well known for the agglutinin titres

Ten group O sera from pregnant women showing relatively migh
tomplement fixition titres but otherwise unselected, were examined
b\ an antiglobulin test after partial neutrahzation No mcomplete anti-
A or 1nti B antibothes were found On the other hand, 7 sera from
mothers presenting chinical evidence of ARO-immumzation, most of
these showing ncomplete antt & or anti B antibodhes, guve about the
sime complement fixation titres as the 10 sera mentioned ahove

The complement fixation test was found considerablt mare cane ¢

i wnal i on the anti-A or anti-B antibodies ool

REFERENCES

Crawford H Cutbash M Falconer H & Mothison rL
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* Ineomplete™ Cold Antibodies



432

be without makmg reading difficult We hehieve that this 1s one reason
for the ugh frequency of positive results found On the other hand, the
experiments performed as “blind tests™ confirms the speaifsety of our
reactions (Talle 1)

Table 1, 1n which one + reaction 15 read as negaine, shows that the
complement fixng antibodies have the same specificily as the aggin.
tinns antt-A or ant-B It 15 therefore highly improbable that the high
frequency of complement frang antibodies found 1s due fo non-specific
reactions, even though the results elearly differ from the mveshigations
mentioned in the introduction

Schuff & Adelsberger as well as Wifebshy used guinea pg comples
ment We also found a considerably Jower frequency of positine reace
tons with guinea pig complement than with human complement More-
over, Witehsky i Ins expernnents used AB-subistance from amniotie
{lwids as an antigen (10)

In the sera from “nrormal” pregnant women we found that more than
two thirds of the anti-A and about one fourth of the anti-B antibodies
fixed complement Although a certain amount of scaftering eusts, the
fitres of the complement frxmg antibodies are approximately propor-
tional to those of the agglutmins hasmg a titre ugher than about 1/128
The titres were regufarly found to be Tower agamnst A: cells than agunst
Ar cells and lower against B cells than agamst Ay cells in group O sera
as 1s usual tn agglutination tests Al of these findings mdicate that the
naturrally oceurring anti-A or anti-B antibodies fix complement f therr
agglutinin titres are sufficiently high vadence of this s alse present i
the obsersations of Dacte {2) demonsirating the adsorption of comple-
ment 1o “non-mmmune” 1y pes of anti-4 or antt-B antibodies, also found
to be of the “non-ganunaglebulnr” type That naturally oceurring anhi-
A may consist of “non-gammaglobulin” antibodies 15 also indicated b
the findings of Reaton (8) The antibodies of the “non-gammaglobuhn
type are usually regarded as complement frung antibodies

The cowponicnt g properdy kas lormesly been regardid 25 3
characteristic of the “immune™ iso-antihodies, m the same way as de-
monstration of mcomplete anti-A or anti-B by the mdireet antiglobuhn
test after partinl neutrahzation This can not be confirmed by our cv-
persments In our investigation 7 sera were included in which mcom-
plete anti-A or anti-B were found i most of the cises These serad it
not show complement finabion fitres of unusual height, but they were
very sinmar to the titres of the * normal* sera included 1n Table 2 and
Fig 1 The content of meomplete antihody seems not 1o have noticcably
wiluenced the complement fixing alulity, but a certamn influence cannot
be prectuded, beeause the titres of mcomplete antibodies were low as
compared with the agalutimns

In Fig 1 one serum s noted which clearty daffers from the others
it had a lhugh agglutinm titre but showett a low complemont ,fl‘mh(;n
utre, alse confirmed by re-testings  Thns diserepancy cannot be fully



FROM THF BACTERIOLOGICAL DFPARTMFNT OF SFRAFIMFRLASARFTTFT
STOCRUOLM (HFAD ARME LITHANDER M.D)

THE PASSAGE OF PENICILLIN INTO
THE CEREBROSPINAL FLUID AFTER PARENTERAL
ADMINISTRATION IN STAPHYLOCOCCIC
MFNINGITIS

1 An Fxperimental Investigation on Rabinls

By

ARSE Liteaspeg and Brita FITnasorr
Recened 6v162

One of the requirements of antibiotic treatment of wfections s that
the substance used be present 1n sufficientls high concentration in the
center of infection This requirement 15 sometumes difficult to satisfy
particularly 1n ewes of infection n the cerebral meminges and i the
bram We have clinical expertence of the passage of different sub
stanees 1o the cerebrospinal fluid and the bran substance in these con
ditions 1n man but expernmental iy estigations 1n the field are lacking

The fact that «ven with high concentrations in the blood the ma
Jority of chemotherapeutic prej arations penetrate only poorly 1nto the
cerebrosy inal fluid and the brain when the ecrebral meminges are in
tact 15 helieved to be due to the blood eerebrospinal fluid harrier and
the blood bram barner

It has been learned from tmaestigations on healthy subjeets that if
the meninges are intact there 1s vers hittle 1f anyv permeation of the
cerebrospinal fluid following parenternl administrations of moderate
doses of the majority of witibioties The blood cerebrospinal barrer 1y
nevertheless not ¢ntirely 1mpermeable This 15 esident for example
from tlw fact that «ven when the meninges ire wtact penietlin ean be
detected 1n the cerchrospinal flmd after very large doses However the
toneentration of penicilin 1n the cerebrospinal flurd 15 vors low even

Ater Jarge doses Boger Balier & Wilson (1) and Goodman & Guman
\\’ax‘{’l‘":\(:\&:nl the cﬁnccr:lrwllon of penicdllin 1n the plasma generally
pir milhmeter or more m eases in which pemcilhin was
iTesent an the ccrebrospinal fluid after parenteral admimstration to
Tersons wath intact meninges W hen the menin

ges were inflamed
other hind the (ffectneness of the on the

blood cerchrospinal fluid barmer
The pen aill
Staek bt “ulin tn the present nvest gation was kindls supplied by 4B A4y

14
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ammals and 1mmature ones as regards the functional capicily of the
blood-cerebrospinal fluid and the blood bran barrier Bakay (12), for
example stated that the passage of radioactine phosphotus inte the
cercbrospinal fluid was more rapid n young thm n adult rabbits
Other workers have attamned the same resulls in principle, using trypan
blue Gronfoft (13), on the other hand, could find no difference mn this
respect between newborn and adult rabbits in cxperiments w ith trypan
blue

The present investigation represents an attempt to complete chinieal
observations made hithertho by studies of the passage of various anti
biotica across the blood cerebrospimal barrier in infections of the cen
tral nersous system 1n ammals For varous reasons 1t was considered
advisable to begin with penicillin

MATERIALS AND MFTRODS

Adult rabbits werghung between 2 and 3 k lograms were used fr the most part
Young rabbits between the ages of three and four months weighing 14 and 15 kg
Sere used 10 one series The backs of the hecks Were shaved and the an mals were
£ \en 1otravenous anaesthesia consisting of 0 4 ml of 6 per cent nembutal per hilo
eram The cisterna magna was and 05 ml of flu d was with
deawn {rom the gromn ammals and 02 ra} from the \oung Immediatels thereafter

e~

.

N -

animals and the voung ones were ginven iotracisternal injections of 05 ml and 02
ml respectively of physiological saline solution The follow Ing dav the rabbits were
€1ven ipjections of benzyl pemeillin (penicillin G)! when thes exhibited symptoms
of men agitis which uwspally was the case 20 to 22 hours after the injection of
staphylococes The controls and the exper mental animals received the injections by
pairs The control rabbits were given injections of the same amount of pemicillin
and after the same interval as the correspending ¢xperimental animals The 1njec
tons of penicill o were adm n stered Intravenously The dosage was 20000 units

#31r m ralb ts J0 minutes alter the mection ot

penicillin The cerebro:
was removed with the utmot care i order  n 4 4 - sebrospmal flad
b A P

.
U B tous sunutes atter the beginm ng of the

N . u
1
o ternal puncture The blood was immediatels centrifuged and the plaseen e

rat 4 Th

cua 4 U B of e T rain Were put 1ato formaln f tholnescay TEC*
minauisn The grester part of the brain was saved for pemeni noloRical exa
this connection the lateral cercbral \entricles were s Blood e et 12

ebrospina

} Heretnafter the term  benns pentetin™ will he ahbresiated 1y penterll
entcillin™
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appeared to decrease and antibiotics passed more easily into the flud
At the same time, Kelenter & Foldes (3) reported that in cases of con
tinous mtravenous admustration a concentration of 3 to 10 umts of
pemcilhin per millimeter of blood plasma 1s needed to achiese thera
peutically effcetine concentrations i the cerchrospinal fluid  Most
workers consider, however, that in menmgitis a suitable therapeutre
concentration can he produced m the cerchrospinal fluid with a lower
concentration in the plasma also

Friedertszick & Hoffecher (4) investigated the relationship hetween
the concentration of pumieillin in plasma and cerebrospinal fluid 1
children with meningococeie meningitis and pneumococcic menmgihis
They found the ratio to he 7-57 1 1 the acute stage of the discase and
23 100 1 when the patients had almost completels recovered In studies
with fluorcsein 1 adult cases of meningococere menmgibis, I ange,
Schwwimmer & Boyd (5) noted a mean ratio of 16 1 between the con
centration mn plasma and in cerebrospmnal fluid 1n the acute stage -
The picture 1s different m other types of mfection Fer example, Ban-
mann & Kardos (6) found that inveterate neurosyphilis did not affect
the blood-ccrebrospinal flind barrier in such a way that penielllin per-
meated the cerebrospinal fld Vellwain (7) reported that even if a
dose as large as 25 milhion umits of penicillin was mtroduced intrave
nously 1n neurosy philis so that the plasma concentration exceeded 50
units per millimeter, the concentration 1n the ccrebrospimal fluid was
at most 0 5 units per milluneter Krantwald & Kolmar (8) assumed that
the permeability of a substance may be proportional to the extent of
the inflammatory process in the meninges Boger & Wilson () rcported
that the penctration of pemcillin into cerebrospinal flnd apparently 15
not parallel to the mtensity of the mflammation, if the latler s Judged
by the degree of pleocytosis

Lxperimental studies on ammals have resvcaled that, after intrave
nous 1njections of chemotherapeutic preparations, the permention
through the nervous system 1s much slower and less pronounced than
permeatian through other parts of the orgamism In experimenis on
healthy, adult rabbits, Foldes & Kelentet (10) found that no penicillin
penetrated the cerebrospinal fluid following intrasenous administration
of doses of 2,000 to 15,000 units per kilogram No differences could be
found between anaesthetized and non-anaesthetized anmmals I cx-
periments on healthy animals, other workers have observed that enor~
mous miravenous or miramuscnlar doses of pemcsliin are required if
penseilhn 1s to be found 1n the cercbrospmal flud

Few experumnents have been made on amimals with infections 1n the
central nervous system I'tnek (11) found that the permeability of the
blood-cerebrospmal fhuid barrier by P32 was much greater i adult rab-
bits 1n which memngitis had been produced by intrathecal mnjection of

and staphylococer than in healthy animals
gl?;:g?:fzsllgatons appear to have revealed differences betwoen adult
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1o the majonity of the cases The control rabbits exhibited no signs of
menmngilss or other condilions and their cerehrospinal fluid was clear

TABLF 1
Pemcillin Concentrations in Plasma Cerebrospinal Fiurd and Bramn

Cerebrospinal | *e Quot ent
Group Plasma 1) Ry Bram (B} Srraares
Adall rabbiis 5000 [L pentcillin kg
Controls 161+018 030000 039 =006 5 10
041 (5) SN (3)
Meningits all degrees 158010 092+00) 072x007 22 14

025 {6) 022 6 016 (5)

Adult rabbits 20000 I L pemiciliin Rg
Controls 23300y 068 + 004 083 %004 2 3
028 (A 020 (32} 021 (31

Menmgitis
+ 236013 120 £ 012 101 =009 7 4
029 (5) 026 (5) 020 (5)
++ 221 =015 127 + 807 101 £ 008 n ©
039 (D) 019 () 020 ()
++ 4+ 229 * 006 157 =006 112+ 002 19 7

026 (20) 02 (20) 024 (20)

Young rabbits 20000 11 peniciilin kg
Lantrols 259 = 006 090 £ 006 104 =004 2 3
018 (1M 018 (1) 01t (10)

Menmgitis
+ 259016 126037 111 +014 5 3
4 1)
+ 255 =009 1522016 120 =088 2 4
3 3) 3)
4+ 2672013 2M =005 137 +017 28 5
) [£3) )
Adult rabbits 80600 1U penicrllin hy
< mirels IS0 1W O 14700 1 1
037 (5 012 (5) 021 (5)
VMeningitis all degrees 338 006 228 + 016 19*011
015 (6) 038 (6) 026 (6)

P
pbeptellio ¢ ncentrations cxpressed as log (100(number of penicillin units per
Fach group of flgures represents

mean = error of mean
stand devial (number of cases
The quotients in the right hand column are calculated from the £roup means

The concentration of pemicillin in the plasma rose (Table 1) as th
itravenous punerllin doscs were mereased For example, the )
centration w 1s lowest using a penicillin dose of 5 000 umts pc’r hal am
nd was on an werage five times greater when the dose wa gﬁr{%ﬂ
units per hilogram A dose of §0,000 units per halogram > o
wproximatels twelve times the concentration of a do;c of ”:)ca‘(;ItEd I
per kilogram In each dosage serses the concentration of ;c;xuc:)l::llh

n
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flurd were washed from the brain with phssiologeal saline soluticn after which
the bramn was dricd nath cellulose waste 4 sample of the brain was weighed and
ground with sterile sand 1n 2 mortar The ground brmin substance was corefull
mited with a fixed amount of buffer ~olution The supcrnatant fluid was remove i
after the hrun suspension had heen centnifaged

The samples of ecrchrospinal fld plasma and brain substance wire collected at
such short mntersals that they may he sud ta have been tal en practrcalls sumal
tancously

The penteilhin concentration of the cerchbrospinal flnd the plasma and the bra a
extract was determincd immediately after the samples were abtained

Diffusion techmque 1n 1gar was used for detcrmination of the pemerllin o ntent
of plasma ccrebrospmal flwid and bram substance A modification «f the method
doseribed By Al in 1857 (14) was apphied using Subtilis spores of the AT(( €633
strain as test orgamsm The spores were suspendad in melted agar 1 a concuntrahy n
of 7500 sporcs per millimeter of agar The agar was §cured into petri dishes with
plane hotte ms whith were placed «na horizontal base When the agar had soh hiicd
s1x or scven evlindrieal holes mine muilimcters in diamcter were punched out on cach
plate 006 mulitsters of phasphate huffer salutn s of standard petuerthn contamim
012 006 and 003 umts per mlhhiter were ntre duced into three of these holes
cach plate The ramaming holes were filled with 006 malliliters of the solutions of
plasma cerehbrospmal fimd or cerebral substance the perieillin content ¢f which
was to be determincd  An averye of v plates was used 1n cach test Readings
were made following wncubation at 37°C for 18 hcurs Two diameters at right
angles of the inhibition zine were mensured 1 a magmfying apparatus Only or
cular zones were approved 3 Linear regression Iine between pemeallin concentrations
(lop units) and diameters was caleulated for the standard m cach plate Wath the
ard of this line the penicillin ccncentrations corresponding to the drameters «b
tained in the experimental animals were read

The error «f the methad deserthed 1 the f rew ung was detected by disse bving
pemicillin in frxed <o neentrations an the same buffer solutions as the onc used m
the determination «f penieallim concentration i plasma cerebrospinal flmd  and
bran substance The invostigaticn showcd that the error «f the methad varied with
the {emcillin concentratien 1n the buffer solutien For determiaticn of the con
centration of penieilhin 1n the diffcrent substances n the present experiments m
rabbits we used concentrations 1 which the error of the methed did not cxceel
5 per cent

Only the pemallin nct bound Iy plasma cerchrespinal flurd and brain substance
cculd be determined in the cxperrments m rabbity deseribed abose The ability of
those substances to ind pemeillin was studied It was found that rabbit plasma
1w undiluted or only shightly didated fcim had a great capacity of binding pen
cillin while cerebrospinal flurd and brain substance were less potent an this resy ect
Dilution of these substances was followed by a decrease an therr abity to bind
peralling The results of these studies and of the investisation of the errcr of the
methcd will 1 ¢ published Iater

nESI TS

All of the rabbits which werd given mjections of staphtlococct m the
postcrior ewstern exhubiled signs of meningiis the dav Wfter the mjec
tion Onc group of rabbits whieh showed onls mld signs of manngites
with some degrce of opisthotonous md spasticity was 1ibelled +
Another group of rabbits wath modcrate opisthotonous nd spwhiaity
was Inbdled + + The magonity of the infeeted ribbads 1e 20 immals
revealed pronounced signs with a lugh degrec of omsthotonous nd
spashiety, 1 well as eramps whieh werc sponfineons m somc ¢ ses
wnd 1n others occurred on provoc thion Thrs group was labeled + 4 +
The gener il condition 1n the different groups was affectcd to m cxtent
corresponding to menmgitis The cerchrospurl find wis vers clonds



439

1 the majonity of the cases The controt rahbits exhibited no signs of
menmmeitis or other conditions and their cerebrospinal fluid was clear

TABLF 1
Pencilfin Concentrations 1n Plasma Cerebrospinal Flutd and Brain

*, Quatlent
Group

Plasma () \““""‘“‘F‘;“‘\ Pratn (B)

Fuid ( “Fr_ B1
1dult rabbuts 5000 IL pentcillin kg
Controls 1612018 030 =D00 O3 +006 5 10
041 (5 (4 (3)
\eningitis all degrees 1552010 0924003 072007 20 14
02 (8) 022 (6) 018 ()
Adult rabbits 20000 I U Jenicrllin by
Contrals 233200, 068=004 083+001 2 3
028 (32) 020 (31} 024 (32)
Veping tis
+ 236013  120x012 101008 7 1
023 (5) 026 (5} 020 (5)
++ 2214015 127£007 1012008 11 3
03 (D 019 () 020 (D
+++ 229+ 006 157006 11200 19 7
626 (20) 025 (20} 028 (20
Young rabbits 20000 I L jenicitiin ky
Controls 259« 006 090 =006 105+ 004 2 3
018 (1O 018 (M 014 (M)
Menmgilis
+ 250+016 126+037 111x014 5 3
)
+x 255+009  152+016 120%08 3 1
3 3}
ot 267201 211=00  137=017 28 5
4) 4 (€3]
4 Tult rabbuis 80000 IU penterllin kg
Controls 3432016 123200 1472009 11
037 (5) 012 (5 021 (5)
Menmgit 5 all degrees 338=006 228=016 179+011
015 (6) 038 (6) 026 (6)

Il?elucl]]m concentrations expressed as log (100(number of penicillin units per
m|

Each group of figures represents
mean « error of mean
stand deviat (number of cases)
The quotients 10 the right hand column are caleulated from the group means

The concentration of pemciilin in the plasma rose (Table 1) as the
mtravenous penucillin doses were mereased For example, the con
centration was lowest using 2 pemseathin dose of 3 000 units per kilogram
and was on an merage five tunes greater when the dose was ‘78 000
umts per hilogrim A dose of 80000 umts per kilogram resul?’:d m
wprotimately twelve fimes the concentration of a dose of 20 000 umit
per hatogram In each dosage serics the concentration of ;emcnllm xrsl
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the plasma was approvimately the same i the expenmental animals as
in the controls The dose of 20,000 unuts per hilogram gase a4 somewhat
higher average plasma concentration n soung anmmals than wn adult
rabis
Table 1 <hows that using a penseathin dose of 20,000 units per halo-

gram the pemierihn penetration from plasma nto bram tissue and cerc-
hrospinal fluid increased with the degree of mfection (0, +, ++,
+++) This 35 best llustrated by the trend of the quotient values
Adult and young rablnts did not differ much i this respeet, nor did
the groups with perucliin doses of 5,060 and 80,000 unsts The percen
tual penctration indo bramn bssue and cerebrospinal flurd was hest wth
low pentedthin dosege (5,000 nmits), and appeared to decrease with -
creasing plasma levels

Most of the groups are relatinely small It 1 elear, however, that the
penicillin contents of cerchrospinal flurd and brain were significanthy
larger in animals with mcmngitts than m the controls

At the same tume, the use of quotients to compare penetrations 1s not
entirely sabisfactory Instead, the dircct corrclation hetween cerebro-
spinal flwsd, bramn and plasma values, as well as differences belween
such correlations, should be exanuned Muitiple correlations were also
caleulated

Three correlations piz cerchrospmal fimd-plasma (Fig 1, 5), bram
plasma (Fig 2, 6), and cerebrospmal [luid-bramn (Fig 3) as welf as
the refation belseen the levels of pemiedtin and blood corpuscle (white,
Fig 4) mn the cerebrospinal fluid, were stucdied and pfotted in diagrass
Owing to the pronounced shewness i the stabistical distrbutions of
both pemiciilin values and corpuscles, loganthmic values were used
throughout, in diagrams and m calenlations The three first-mentioned
correlations were platted graphucally for youny and adult anymals, for
the three panenthin doses, and for all degrees of momngins {0, +, + +
+ + + ) separatels (Fig 1,5, 2, 6, 3) Clear correlations were observed
anit regressions were caleulated for the largest group (pemiciilin dose
of 20,000 umts in adults) and separately for the varous degrees of
memngits (Fig 1, 2, 3) The regression hines are mdicated 1 the da-
grams For the other groups all values were plotted and the regression
line for the corresponding adull group which recened 20,000 umt doscs
was mdluded for comparison (g 5 and 6)

The correlations arc mdhcated m Table 2

The corrclations are clearly sigmificant m the largor groups and
numerically high i the other cases Since we have liere thirce variablos
which hat bren mterrelated it would he mteresting o determine
whether they are all true relationships SMulliple correlabion coefficients
were therefore alvo calculatcd In principle this means the ramnoval of
the mfluence of one factor upon the correlation hetween the other two
The result appears Table 8 This was dante for the two larger groups

controls and cases of menmngitis + + +
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TAHBLE 2
Correlations between Pemeailin Conlents 1t the Various Vedia
—Trebrerpnl | 3 = bratn penieitimy = cers brospinal
b gree of menngns | s memcslion o ¥ flutd pemediin
gree ¢ s 2 = plasma peniedtin | % = plrsma penscitim | 3 = brain penicilin
Controls +059 +082 +048
e TE T 08ix  3=—151F095x =018+050x
82 exner) MY 016 022
\eningitis +093 + 094 + 094
05 cameny v=110+103x =100+131% —0144073x
011 011 008
Meningitis ++ +071 +030 +072
(7 casex) =030+ 150x v—062+156x 3=—003+077x
030 626 213
Meningits ++ + +082 +077 +069
(20 cases) +—=0U9 + 083X v=1384+082x +v=009+063x
015 017 018

Pen ciltin dose 20000 umits per kg Pemicillin concentrations expressed as log [(100
number of penicillin nfuts per ml)]
Fach group of figurcs represents
corr caeff
regression hine
<tand dev
around
egr Line
Statistically significant correlation coefficients are un lerfined (P < 001)

TABLF 3
Multiple Correlations between Plasmn Brain and Cerebrospunal Flutd Pemctlltn
‘ I g to the Direct C tn Table 2 Adult Rabbiis
Iirect correlations Multiple correlations
Controls (32 cases)
T(FP) =+ 059 r(F/IP B) =+ 040
BT TR FEP F) —~+076
(BB =3 Q18 rFBP) =001
Meningihis 4 4+ (20 cases)
(F/P) == + 082 T(BP k) =+ 063
HBPy =0T WFB P) == £08
Y TR HEFP B) =+ 042

Pemcitlin dose 20 000 unats per hg Correlation coefficients (r) Plasma (P) cere

bros, ) AT 0
Il'l’ppr"'::fd wed (F brain iBr Significant enrrelation cocfficrents (P <001y are

It will be seen from Table 3 that only the correlations of cerebro-
Apwal flwd and brain fo plasma are {rue, whereas there 15 no irue
relationship between certhrospinal fluid and brain concentrations The
threet correlation obsersed between the latter two would thus be only
a secondary effeet derved from the fact that both of these two factors

are enrralaten ta

“ts Thus the penicitlin content
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of the cerebrospinal fluid seems to be wholly controlled by the plisma
level This also apphes to the panicillin coneentrafions of the bram
Any exchange of penicillin between brun and eerebrospinal flud, how
cver, 15 probably purely random

The pemcillin concenlration i the cerebrospinad flird was consist
ently Ingher in rabbits with menngiits than i the control rabbils with
out memngtlis (Table 1 and Tig 1) Ihis was the case regardless of the

e of the dose of pcmcalim and of the age of the rabbits In the series
g Tuch the dose of pemiciilin was 20 000 umts per hilogram, the con
l:n‘:rl':tculm was approximately 8, m the serics given doses of 80,000
Ci g B
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umts 1t was approximately 13 and with 1 dosase of 5000 1t was ap
1 roxumatels four times s lugh in the experimental rabts Aanumals as
in the corresponding controls (Table 1)

Figure 1 shows the relation hedween the jenieilhn concentration in
the cerchrospinal fluid and the pemiailhin concentration n the plisma
it different degrees of the chinteal signs of memingitis i wdult experr
mental animils ginen doses of 20 000 units of pemeithn per hilogram
wnd 1n control ammals who recened the same dose of pemeillin

Table 1 and Figure 1 reveal that the concentration of penicillin in
Al rabints was higher 1n plasma than n cerebrospial flnd

Al a cerfain plasma concentration the cerebrosptnal flud concen
trahion tncreased with the intensily of the signs of memngitis Wathm
2 specific chinical piclure the concentration 1n the cerchrospinal flnd
mxarbly appeared to increase with the plasnta concentration This
ppenrs to be the case n il degrees of memingitss te from Group O
comprising the control amimals to Group + + + If the concentration
w the cerebraspinal flud i chimieal groups + and + + + v compared
with the concentration in the control group the quotient hitween them
1s constant in each chinieal group (constant log distance) regardless of
the plasma coneentration it which the comparison 1s made Group + +
ippears to deviate somewhat 1n this respeet probably hecause this
micemediite group 15 more difficult to define than groups <+ and
+ 4+

The perucithin concentralion n the brain was consislently higher 1n
rablifs with memngitis than in controls (Table 1 and g 2) This was
the case repardless of the size of the dose of penicillin and of th
of the experimental ammals (Fig 6) ¢ age

L
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Correlalion between penicrilin concentration and
number of leucocytes n cerebrospingl fluid {CSF)n

8
20{2 cdult rabbils receming 20000 1V pemicitiin . .
< 0 controls ¢
5 A& meningihis 1t degree . *
< oa 2nd .
' Z e 3rd * .
s N . ae
.
o - ‘A%
4 &
to o ° 4
o &
o o 4
S @
o0
0s. ) o
o © o
0 1og (MWucocytes)
1o 5 20 2% 3t B
Fig 4

Table 1 and Figure 2 reveal that the concentration of pemcillm 1n all
rabbils was lngher m plasma than i brain substance An ncrease of
the plasma concentration was accompanied by an ncrease 1n the pent-
cillin concentration n the hram, but the increase was relatnvely inde-
pendent of the degree of meningibis

The relations between the concentration of peniciliin i the cercbro-
spinal fluid and the bram arc shown mn Figure 8 The penicillin con
centration 1s scen to he Jugher n the brain than 1n the cerebrospinal
flutd n the controls The opposite 1s the case in antnals with memingitis
This difference mcereased with the degree of memingitis Thus, the
fection appears primarniy to have nfluenced the blood-cerebrospinal
barrier An nerease m the pemaihin concentration mn the cercbrospinal
fluid was matched by an merease in the brain and pice versa If the
anmals are compared with one another, we find that the increase of the
concentration mn the cerebrospmal flurd matched by an merease m the
hrain was constant and independent of the degree of menmgitis

The number of leuhocytes mn the cerehrospmnal fluid of the rabhits
with menigitis saried hetween 660 to 26,160 and the number of red
corpuseles hetween 120 and 5,580 per millimeter The leuhocyte count
wn the control amimals was generally lower than 100 per millimeter,
although 1t was 460 per mulimcter 1n two cases The ervthrocyte count
n the controls was 1n general the same as in the «xpenimental animals

If we examne the relation betwedn the concentration of pemailin,
on the one hand, and of lcuhocytes and cryvthroeytes in the cerchro
spnal flhud, we find good correlation between the concentralion of
penseditn and of leukocytes m the cerebrospinal fluid of the rabbrts
with menmgitis (F1g 4) This relation appears to be due to the presence
of varying degrees of meningitis There 1s no such correlation 1n the
control rabhts or within the vanous memngitis groups No correl ttion
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whatevcr could be found between the pemicillin concentration and the
coneentration of erythrocytes

Figure 511llustrates the correlation between the concentration of peni-
cillin tn, cerebrospinal flmd and w plasma n adult rabbus which had
recenved injections of 5,000 umits of pemicilin and i those which had
recersed doses of 80,000 units per kalogram, as well as i young ammals
which had been given 20,000 umits These correlations are compared
with the regression line in the group of adult rabliuts which had been
guen 20000 umts In this connection, consideration 1s given to the
relationship between the values recorded for the three first-mentioned
groups fo the r(gression line The eomparison was made for each one
of the different chinical groups and for the controls The groups are
small, but some general trends can be ohserved For example, the values
obtamed with a dosage of 5,000 units, reveal a consistent tendency to
range abave the regresaion lines, while the values obiamned with a do-
sage of 80,000 units imanably ate below these Thus the penetration
of the barmer obtained with a dose of 80,000 units per kilogram was
deflimtely mferior to the one obtained with 20 000 unyts and penetration

obtamed with a dose of 5,000 unils per hilogram was
one obtained with a dose of 20,000 umts, e o S0 the

e

bearing in mind the degree
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CORRELATION BETWEEN BRAIN AND PLASMA CONCENTRAT!
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of meningitis The degree of resistance of the barrier increases with the
penicillin doses — Seven cases of young anumals were aliove the regres-
sion fine, 14 were below, consequently there 1s no definite trend for
soung anmmzals

4 sunilar study was made on the relationship hetween the pemicithn
concentration n the brain and n plasma (Fig 6) The correlation wasy
the same as between cerchrospmal fhuid and plasma, with the exceplion
that the penetration nto the bram in young anmmals appeared to be
consistently inferior to the one seen m adult ammals (the fevels were
below the regression line)

Microscopic exammnation of speeimens of the meninges removed from
the rabbists confirmed the chnreal findings For example, the extent of
the anatomic changes 1n the cerebral meninges 1n the individual rabbits
was usually proportional to the clinical degree of the meningitis In-
flammatory changes were not found n the memnges of the controls
Famnt signs of irrtation of the meminges were seen 1n a few of the con-

trols
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DISCUSSION

The question whether penuerlhin permeates cerebrospmal flusd 1 of
interest 1o the therapy of nfections m the cerebral nervous system
With mitact memnges the blood cerebrospinal barrer 15 beheved to
| revent permeation of penicillin except to a mnor degrec of no thera
peutic sigmficance Wih purulent of the m
man 1t has been found that pemeiin permeates the cerchrospinal flnd
with much greater faclidy Thisis constdered to be due to the fact that
the blood cerebrospinal fluid barrier has been rendered at least par
tially meffectise by the meningitis as a result of the nflnmmation

In the present miestigation 1t was found that the concentration of
pemeihin i the cerchrospinal flud nises when the concentration n
plasina increases This applied equalls to rablnts with memingitis and lo
control rabhnts

That the penieiihn concentration in cerebrospmal flud tended to be
higher in young than mn adult rabbis both in the experimental animaly
and 1 the controls was probabls due to the fact that the pemicilin
concentration 1n 1lasma was higher n young ammals Consequentls
there was not necessanly any difference between young and adult am
mals with regard to the passage of pemicilhin to cerchrospinal fluid One
objection to the myestigabion mas be that the voung animals should
hwe been still younger Ixperiments with jounger animals were 1
fulure howeser because of technical complieations

To discuss the correlition befween the concentration of pemicillin in
cerebrosprnal flwid and n plasma a comparson should preferably
be made at 1 suitable time after the injection of peueithin It appears
from Part 2 of the present studs that the passage of penuctllin to cere
brospin 1l flmd 15 largely completed after about 1o minutes An intersal
of 30 minutes between the administration of pemieillin and the takin,
of samy les appears to be appropriate for purposes of comparison

The penicillin concentration in the cerebrospinal fluid was consider
ably higher 1n the ammals with meningitis than in the controls An
explanaticn of this s {hat the nflammation 1n the meninges 1 the
experimentl rabbits facilitated the passage of penicithin nto the cere
brospinal fiuid I vidence 1n supy ort of this explanation 1s that with a
certan concentration of penieillio 1n the plasma the concentraton w
the cer¢bros] mal fluid inereased with the elinieal signs of memngitis
That the | sssage was relitively better with smaller doses of pemicillin

and at the vame time 1lso with 4 lower penteithin concentration m the
phsma than wath larger doses may have been due to the fact that th

tassage nto the cerdbrospinal fluid was not completels unminhibited
dispite the presence of memngitis

The fact 1hat the penteilin concentration in the bram generally was
Tugher in rabnts with meningitis than 1n bealthy rabbits may indicate
that 1n the former some penicillin had passed from the cerebrospinal

i —
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flurd fo the brain substance No proof of this was obtamcd, however,
by the multiple correlations (Table 3) A morc probable explanation of
the difference between the rablnts with memnmgitis and the heaithy
rabbits m this respeet 1s that the blood-bram barrier also 1s altered i
meningitis hut not fo be the same extent as of the hlood-cercbrospinal
flutd harrier The change in the former barrier was, howesver, greal
enough to result in a higher pemcillin concentration n the bram sub
stance than in rabhits without meningitis

The eircumstance that the increase in penteithn concentration in the
hramn which ocenrs when the concentralion i plasma rises was rela-
tively independent of the degree of meningitis substantates the theory
that the penicillin passes mto the braun largely directly from the hlood
and {o a smallcr degree via the cerebrospinal flurd This view 1s further
supported by the fact that the penicillin concentration was higher m
the bran than m the cerchrospinal (lwd i the control anumals and
lower mn the bramn than mn the cerchrespmal fluid m the amimals with
meningihis

The penieillin coneentration i the cerebrospinal fluid appeardd to
have a certam correlation with the concentration of lcukocytes mn the
cerebrospinal fluid This relationshap must have been produced by the
meningitis, since the penieithin iiself was found not to influence the
coticentration of leuhoeytes In many of the control rabluts the con-
centration of leukocy tes m the ccrebrospmal flurd had nereascd, indi
cating that the measures tahen had causad irritation of the meninges
This 1reitation was not sufficiently pronounced, however, to facilitate
the passage of perncillin into the cercbrospinal fluid Nor did at suffice
fo chieit even the shghest ehimeal signs of meningitis

The alinost complete correspondence hetween the nfensity of the
chinica) signs of meningitis and the degree of nflammatory changes
rcvealed by microscopie examnation of the cerebr :l maminges indieates
that the passage of pemallin into the ecrebrospinal flud as related o
the pathologicnl change in the ccrchral meninges

In the antimotic treatment of infcctions of the meninges, 1t 15 very
mmportant that the prepwrations used reach a sufficiently high coneen
tration m the cerebrospinal thnd In the present experiments a peni
cillin coneentrition m the cerebrospial fluid which might be valuable
n some of the ordinary forms of bactcrnl menmgitis w s obtuned m
rabbits with staphylococeic memingitis using intruvenous doscs of onlh
5,000 units per hilogram of hady waght Using a dose of 20 000 umts
per htlogram, the penicilhin coneentration would be adcquatce for the
majority of the infections with which we may be facd When these
doscs were used 1 control rahbits, the conccnlrations in the cerebro
spinal flurd were too low to he of therapeutic significance Not until the
dose was raised to 80,000 units per kilogram ¢hdd the concenirations
the cerchrospinal flmd of control amimals rise to levdds of some thera

peutic yalue
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When an antibwhic has been selected for use 1n a guen case, the
dosage 1s determined with due regard to the sensitiaty of the bactena
1w question and to the site and sevenity of the infection 1t 35 not possible
to follow the concentration of, for example, pemeithin in the cerebro-
spinal flud n cases of memngilis 1 man If the results obtmned m
rabbits correspond to conditions 1n man, a study of the pemicsilin con-
centration in the blood at an appropriate time might provide gwmdance
for the penicillin treatment of staphylococcic meningitis and of other
purulent forms of the condition In this connection 1t must be borne
i mmnd that the p \J 1 cerchrospunal flwd does
not increase proportionately with the concentration in the plasma, 1€
with the size of the dose, hut that relatively less pemcillin passes into
the cerebrospinal fluid as the dosage 1s wcreased It1s an advantage m
chineally grave eases of memngitis that the passage of pentcilhin mto
the cerebrospinal flmid occurs more readily than in less serious cases
of meningitis

In rabuts with meningitis only a dose of 20,000 units of pemeiliin
per kilogram gave such high concentration i1n the bramn as might give
hopes of a therapeutic effect in infections susceptible to pemicillin With
a dase of 80 000 units per kulogram the penieillin concentration n the
brain would be considerable 1n the experimental animals and relatively
good m the control rabbits

Since hacterial infections 1n the brain substance usually occur i the
form of abscesses, rather isolated from the rest of the bram, 1t 15 not
certain that perieillin not even 1n high concentrations 1n the other
parts of the brain will reach the centers of nfection We cannot be
sure that the walls of ahscesses are permeable by pemieithn, even though
according to some worhers, penicsliin has a greater capacity of pene-
trating walls of infected lesions than most other antibiotss

It 15 therefore reasonable fo assume that infections n the brawm sub
stance require higher dosages of pemicillin than memngitis wath the
same baetenial stram and also that a hram abscess 1s relatnely non-
responsive to treatment with penucilin This s 1n aceordance with the

sew based on expenience that brawn abscesses are most successfully
treated by surgery

SLMMARY

{1} The passage of pemcilin admnistered intravenously into the
cerebrospinal fluid and the bran was studied in rabbits with staphyl
ococeiec meningits and in healthy rabits ;

12} The pemesthin concentration in the cerebrospinal fluid was high-
eran rablats with meningitis than i antmals without menmingitts Thes
also applied to the penteillin coneentration n the bram The pemellin

K'o:w&'nlrahun n the cerebrosmnal flnd and the brain hoth of these
categories varied with the variations of the pe
e e penacilin concentrabion 1

———
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(3) The penicillin concentration n the cerebrospmal flnd following
the same dose was relatively higher the more pronounced were the ch
nical signs of meningitis It also was related to the concentration of
leukocytes m the cerebrospinal flnd

() The passage of pemcillin to the brain appeared to occur mamly
directly from the blood

(5) The pemeillin concentration m the bram of rabbits with menin
gilis was somewhat higher than in the controls, 1 both of the catego
ries it was relatively independent of the intensity of the symptoms of
menmngitis

(6) Penicillin passed into the cerebrospinal flurd with approximatels
the same facility 1n adulf rabbits and 1in young animals

(7) If the results obtaned were to serve as guid ince mn the treatment
of meningitis 1n man, they might constitute an argument 1n fasour of
high dosnge of pemicillin with concomitant hagh pameillin concentra
tions mn the plasma
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COMPARISON BETWEEN AN IN VITRO
INDUCED PENICILLIN-G-RESISTANT STRAIN OF
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THE CORRESPONDING PARENT STRAIN

1 Immunological Studies

By
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For several reasons, increasing interest has been focused on the anti-
genie properties of Staphylococcus aurcus In his extensne monagraph
on Staph pyogenes, Elek (1939} devoted some chapters to the problem,
and Oeding (1960) has recently presented a review of the subject

The antigemie properties of Staph aureus are considered to be com-
plex, since eross reactions are extremely common, which may be due
to the sharing of antigens in sarying proportions among different
stramns Cowan (1939) used heat-hilled bactena for immumization, and
was able 1o dishimpuish 3 mann 1y pes by absorphion and shde agglutma-
tion Christie & heogh (1940) increased the number of types to 9, and
Hobbs (1948) to 13 Oeding (1952), using factor sera produced against
formahin killed hacteria, was able to demonstrate 10 different antigens
1 pyogenic staphylococer (Hauhenes ef al 1960, 1961) It is usual to
speak of major and minor antigens rather than of type specific anti-
gens Although much work has been done in this field, no generally ac-
cepied serelogical Yyng system has been forthcommg

hnowledge of changes 1n the antigenic patterns due to acquirement
of pemcillin resistance should be of some interest, but httle research
has been done on the subject Oedtng (1932) found evidence of 2 eorre-
lation hetween sensimaty to pemaillin and serological type Cowan’s
typc 1T with the phage patterns 6 747 1s supposed to be an easily mu-
tating group Recently, however, staphylococer of all phage patterns
hae been Tound 10 31eld penseilhin-resistant mutants (Barber & Bur-
ston 1053%)

“‘:‘I;;r:r?c:l‘;l l111:3‘16)(‘:)1;.‘:r:ll:lgc[l;nndnu:tmcupwal studies, compared the
4 venicilin-sensiive and corresponding

penieilhin ressstant staphylococeal stram and showed the latter to be
|
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more thin. A comparison betw een sensitive strains (Cowan’s types 1, II,
and IIT) and corresponding penicillin-resistant ones has been performed
by Stern & Eleh (1957), using agglutination reactions with absorbed
antisera produced against heat-killed bacteria. They were not, however,
able to find any changes n the antigenic structure of pentcillin-resis-
tant variants.

An account is given in the present paper of a comparative study, by
means of the agar diffusion technique, between a chnical penicillin-G-
sensitive strain and a corresponding penicillin-resistant one, prepared
in vitro, with respect to possible antigenic changes No attempt has been
made to analyze the precipitation Iines chemically but we have confined
ourselves to recording their number.

MATERIALS AND METHODS
Organism
A coagulase-positive stramn of Staphylocorcus aureus was chosen for this study
Thas strain, with the chnical number 1429, was 1solated from pus from middle ear,
and has also been used 1n a preliminary study (Norhrans & Bertrandsson 1962)

Preparation of Pemictllin-G-resistant Strain

The penteillin used was the sodium salt of benzyIpenicillin, kindly placed at our
dispasal b3 halu Co The reststant stramn was prepared from an one-cell culture of
1429, imtially by the gradient plate techmique of Szybalshe (1952) However, when
cultivation was to be performed in a hquid medium, the resistant stram was also
prepared 1n 1t, by repeated transfers to penreilhin in rising concentration Seral dilu-
tions of penicillin were used, dissolved 1n stertle phosphate buffer, pH 60. The
medium consisted of Antibriotic medium 3 (Bacto-Penassay Broth Ihfco) A con-
tinous check was made for contaminations

The resistance capacity obtained in this strain (R) was 6000 &g of penicillin/ml
The strain was lyophihized, and stored in scaled ampoules

Cultivation Techmque

‘The organisms were grown for 20 hours at 37° € 1n 12 litres of the aforementioned
hquid medium 1n a 15 Lire-flask, through which amr was contmously bubbled To
ncrease the 31eld, 1 per cent glucose was added and a small quantity of Antifoamsng
DCA to prevent foaming The flasks were moculated with three 300-ml Erlenmever
flashs, each containtng 50 ml of a 20-hour culture Before moculation, the resistant
stramn, from the ampoules, was transferred several times 1n the highest possible
pemiciliin concentration with a vrews to presenting the consequences of back muta-
tion (Erhsen 1946}, sinee no pemicillin was added to the cultivation flasks The bac
terial y1ld was about 57 g dry weight of bactcria i the sensitive stram (5) and
about 25 g in the resistant one (R) It was collected 1n a continous-action rotor
attached to a high-speed 17 centrifuge (MSF, Ltd ), washed three times with sterile
saline, 1yophilized, and stored 10 a refrigerator

Antigen for Immumization
Antigen for immumization was prepared in two different ways te by heat treat-
ment and by formahn treatment The latter was suggcsted by Oeding (1952) as
© the antigenic structure of pyoegenic staphyloencet
f Iyophilized bacteria (05 g/10 ml) was treated at
. or 6 hours, since the bacteria werc not completely
‘reatment The cclls were washed three times with

ne, Iyepmiized, aiw + aghed

" ment Two pcr cent farmahin in sahine was used to kil the cdls,

sterile sal
g for 1 hour at 37° C The subscquent procedure was as

Formalin treat
during mechanical shahtn

abave.
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Two bactersal suspensions 1n salme were prepared they contained 1 and 3 mg
dry weight per ml respectively The vaccines were tested for sterilits

Antisera

Male rabbnis wejghing from 2 25 kg were used for the production of antisera
Three rabbits were used for each stramm They were controlled for the absence of
antibodies to the experimental strain by pre immune sera It can be mentioned that
the latter were always free from “normal antibody (¢f Oeding 1960) The vaccine
way fogected fatrarenously four times a weeh for one month in & successivels in
creasing dose each week 12 1 2 5 and 10 mg One week after the last injection
the rabbits were exsangumnated by cardiac puncture The following antisera were
prepared from whole blood with Cohn s (1952) technigque Sy«= antiserum against
brat killed sensitive Staph aureus (S) Rype= antiserum aganst heat Lilled resistant
staphylacoecs (R) Sp—antiserum agamnst formalin killed S Rp=annserum
aganst formalin Wifled R

Ant gens for Diffustan Tests

4 Disintegration 1n glass homogenizes 0200 ¢ of 1ophihized bactena were sus
pended m 10 ml of sterile sabme The suspensions Were treated manually for 10
inutes 1n a glass homogemizer Intact cells and fragments of cell walls were se
Persted by ccntmfuging for 20 minutes at 13000 ¢ The antigen solution obtained
“as preserved with merthiolate (1 10 000)

assembly heing kept cold 1n an 1cebath throughout exposure Remaiming intact cells
and bactersal debris were seperated by centrifugation for 20 minutes at 13 000 g
Merthiolate (1 100005 was added as prescrvative to the antigen solution obtasned
The solutions wre tested for protein content with the same method as 1n A and
for the same reason
Ring Test
The tests were ~nda ~ 1 Ve amam A mates B oo s .

Proved uveful
ents

Agar diffusion tests

. \\zJ u:vd"\he methods devised by OQuehterlony (1919a b ¢ 1953) The gel con

ussUd mi and the Petrs dishes used had dismeters of 5 em After filling thes

Rere placed at 37° € 10 a moist atmosphere 1n order t
1954) Readings were ma fc daly { r 10 days “ o svod refilling (ef Kaminsie

RFSLLTS AND DISCUSSIQYN

\ Antigen Antibody React
oger 'y Reaclions with Antigens Prepared 1n a Glass Ho-

Oeding (193%) suggested that
g (193 suﬂicc’c at blocking and heat labile antigens occur

whereas heat stable ang blocked antigens are
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Precipifation patterns of strain 1429: antigen solution prepared by ultrasonic
disintegration

§ =sensitive strain Spe=antiserum against formahn-hilled S
Re==resistant stramn Rp=antiserum against formaln hiled R

present n the protoplast An antigen preparation obtained by grinding
in a glass homogenmizer presumably consists mamly of protoplast an-
tigens and may he devoid of antigens derived from the robust staphyl-
ococcal cell wall The antisera to formalin-killed staphylococer (S¢ and
Rf) contain antihodies to the antigens on the bacterial surface, in addi-
tion to both heat-stable and heat-labile protoplast antigens

Surprisingly enough, antisera agamst heat-kilied staphylococel, Sp
and Ry, gave one preciprationline more on the agar plates than Sr and
Ry A possthle explanation 18 a relabive increase in the heat-stable anti-
gens dunng heat treatment, since - m preparation of antigen for ym-
munization — the loss in weight of the heat-hilled bacteria execeded that
of the formalin-killed ones by about 20 per cent Morcover, formalin
treatment s supposed te bind the superfictally located antigens very
firmly to the bacterial body (ef Jensen 1959) Since, howeser, as a whole
very few precipitation lines were obtamned and the tests dul not reveal
any shared antigens for the sensitive and the resistant stran, it could
be supposed, that the homogemzing effect of grinding in a glass homo-
genizer was too weah to produce a sufficient concentration of the anti-
gerie material actually present in the protoplast Consequently, the ul-
trasonic disintegration method was applied

B Anfigen-Anlilody Reactions with Antigens Prepared by Ullrasonc

Disintegration

A larger number of diffusible antigens was obtained by preparation
with ultrasonic waves When they were tested with Sy and Ry (Fig 2)
and with §; and Ry (Fig 1), respectively, more preciprtation hnes were
obtained 1n the latter case

The reaction with Sy (Dg 1, a) mdicated that the sensitive stram
and the corresponding mduced penicillin-resistant one had no antigens
1 common Nor did the resistant strmn and Sr al any concentration
gne any precipifate n the ring fest

In fests with Ry, on the contrars, the resistint and the sensiine
strains scemed to share at least two antigens (g 1,b) The fact that
the sensitive strain dud react with antiserum agamnst the resistant one
may ndicate that these shared antigens were actually present i the



Fig 2
Precipitation patterns of strain 1429 antigen solution prepared by ultrasome
diswntegration
§ == sensitive Stram Sy «~=antiserum against heat killed S
R = resistant strain Ry==antiserum against heat illed R

former strain, but that the concentration was too low to give nise to any
detectable amount of antibodses This implies that the sensitive and the
resistant strain had twe antigens 1 common, although their concentra-
tion differed in the two strains

As seen 1 Fig 2, the oppostte results were obtamed i diffusion tests
with antisera to heat hilled bacteria Thus, no hines occurred between
the sensitnne strain and Ry (Fg 2, b), whereas weak precipitation lines
were present between the resistant strain and Sy (Fig 2,a) An expla-
nation analogous to the one suggested ahove, however, mght apply m
this case as well, 1e, that the heat-stable antigens were present 1 a
too low concentration n the resistant strain This strain, 1n fact, was
found to have fewer precipitation hnes (cf Figs 1 and 2), indicating
that 1t 1s more sensitive to heat treatment than 1s the parent stramn

On the assumption that the ultrasonic method gnes protoplast anli-
gen alone (Cohen et al 1938), the increase in number of precipitation
lines should be an expression onlv of the greater efficicney to be ex-
pected wath this method It cannot be ruled out, hownever, that they
might have dernved from some splitting off and degradation of the proto-
plast antigens (ef Cohen et al } Although the ultrasonic method max be
a gentle one, 1t may mvolie 1 certamn risk for the antigenic matenal &
prolongation of treatment, for 1nstance, brought about a disappearance
of some hines 1n the agar-diffusion test Thus, exposure for 15 minutes

ihe ime used throughout this imvestigation ~ resulted n six precipita-
uon hines (siram 1429 R), whereas, only 5 and 4 lines were obtained
after exposure for 30 or 60 minutes, respectively

Salton (1960} emph 1 that ‘the d ation by sound and
supersound can lead to a greater hreakdown of the wall steucture than
ltl:ll encountered with other di 1on methods s used
{‘(“(Ie:n::l;':;:l:"l"l'r‘t\,mslo[ Staphylococcus aureus can he rcnder;d non-

1s statement argues m favour of another probable

explanation of the larger number of precipitation lnes w our tests of
'mhg;-x'uc‘:mh;rml prepared by ultrasonics, as compared to that pre
prred by the glass hemogenizer
lines derived from cell-\\gnl:"leill:xeal;md !¢ that some of the additional
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tant one (Figs 1 and 2), shows that quahtatine as well as quantitatine
differences were present Thus, more of the antigens obluned from the
reststant strain than from the sensitive one were heat-labile Further-
more, the detectable heat-labile antigens occurred n higher coneentra-
bion m the resistant stram than i the sensitive one, whereas the oppo-
site apphied to the heat.stable antigens OQur results therefore differ
from those obtamed by Stern & Elek (1957), who stated that “pemaithin-
and streptomycin-resistant vartints show no changes mn the anhigeme
structure”

Different explanations of this diserepancy can be discussed Our re-
sistant strain 1429 had a very lgh resistance capacity (6000 ugm!)
whereas those used by the aforementioned authors had a very low one
(2 Iml) This difference, however, does not seem to be cructal per se,
smee four penicillin-G-resistant staphylococer, with resistance capaci-
ties ranging from two to 80 pg/ml, all deviated from their sensitine
parent strans as regards the antigemic pattern (Norkrans & Bertrands
son 1962)

As a rule pemeillin-resistant strains, induced m vitro, are not pent
cillinase-producers (¢f Wallmark 1953) It s vahd for 1429 too In this
respect the strams, used by Stern & Elek mmght differ from ours How-
cver, they do not mention, that their straums were mduced under any
special conditions, which — according to Szybalshi (1953) - should -
vour the appearance of pemcillinase-producers

The discrepancy, however, may be expluned as follows Most of the
differences found here, and relating to the heat-lnbnle antigens, were
detectable tn view of the fact that we used antisera agamst both heat-
hilled and formalin-hilled bacteria, whereas Sternt & Elek used heal-
hilled ones only Turthermore, they used the agglutmation method, and
not the agar-iffusion techmque used m the present study The former
may disclose pronounced differences between superficially lTocated an-
tigens, whereas the latter allows even exceedingly shght differences in
chemieal costitution to be detected and, i addition, not only those It-
mted to the surface antigens

SUMYMARY

(1) The anfigenie pittern of a clinical, penserim-sensitts e, corgulase-
positive strawn of staphylococcus aureus (no 1429) has been compared
with that of the corresponding penicillin-resistng strain, induced m
sitro
(2) The reactions betwecn antigens prepared 1na glass homogenizer,
as well as by exposure to ultrasonic waves and antibodies produced
agamst heat-lalled and formahn-hitlled bacterta have been tested by the
double-diffusion agar techmque

(3) Both qualitatine and quantitative differences were observed bhe
tween the antigenic pattern of the resistant strain and the nattern of
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the parent stram Itis suggcslcd that these changes must have arisen

on

of Ihn r n

(4) The ultrasomic method, lls efficiency and its probable effect on
protoplast and cell wall are discussed, as well as the probable degrada
tion of the antigenic structure produced by 1t
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tant one (Figs 1 and 2), shows that qualitative as well as quantitatine
differences were present Thus, more of the antigens obtained from the
resistant siram than from the sensitive one were heat-labile Further-
more, the detectable heat-labile antigens occurred n higher concentra-
tion 1n the resistant stram than in the sensitine one, whereas the oppo
site applied to the heat-stable antigens Our results therefore differ
from those obtamed by Stern & Elek (1957), who stated that “perucillin-
and streptemycme-resistant variants show no changes 1 the antigenic
structure”

Different explanations of this discrepancy can be discussed Our re-
sistant strain 1429 had a very high resistance capacity (6000 pgml)
whereas those uscd by the aforementioned authors had a very low one
(2 Iml) This difference, however, does not seem o be crucial per se,
since four penreillin-G-resistant staphylococel, with resistance capact-
ties ranging from twe to 80 pgiml, all devsated from their senstise
parent strans as regards the antigeme pattern (Norkrans & Bertrands
son 1962)

As a rule pemicilhn-resistant strams, mduced m vitro, are not pent-
cillinase-producers (¢f Wallmark 1953) It 1s vahd for 1429 too In this
respect the strams, used by Stern & Elek might differ from ours How
eser, they do not mention, that their strams were nduced under any
spceial conditions, which — according to Szybalshi (1953)  should f2
vour the appearance of pentcilliase-producers

The discrepancy, however, may be explamed as follows Most of the
differences found herc, and relating to the heat-lahile antigens, were
detectable 1 view of the fact that we used antisera agamnst both heat-
killed and formalin killed bacteria, whereas Stern & Elek used heat
killed ones only Furthermore, they used the agglutination method, and
not the agar-diffusion technique used in the present study The former
may disclose pronounced differences between superficially located an-
tigens, whereas the latter allows even exceedingly shght differences in
chemical costitufion to be detected and, mn addition, not only those b

mited to the surface antigens

SUMMARY

(1) The antigenic pattern of a chinieal, penseilhn-sensttiv ¢, coagul 1se-
positive stram of Staphylococeus aureus (no 1429) has been compared
wuth that of the corresponding penictlin-resistant stran, induced 1n
vitro
(2) The reactions between antigens prepared 1n a glass homoganizer,
as well as by exposure to ultrasonic waves, and antibodies produced
agnst heat-hilled and formalin killed bactersa have been tested by the

ble-chffuston agar techmique
dm(lal)enom qualitative and quantitative differences were ohserved be-
tween the antigenic pattern of the resistant stram and 1™~ wnttacn af
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ihe parent strain It1s suggested that these changes must have arisen

on

of 1 emcallin ¢
(4) The ultrasome method its efficiency and its probable effect on

protoplast and cell wall are discussed as well as the probable degrada
tion of the antigenic structure produced by 1t

[ L
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A SIMPLE BIOCHEMICAL “TRIPPLE TEST’
FOR PRELIMINARY IDENTIFICATION OF GROUP A
STREPTOCOCCK

By
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In the grouping of streptococct the practical purpose of which s to
differentiate pathogenic stramns from others the serological methods
of Lancefield and Grifftth have now largely superseded the presious
methods based on fermentation reactions ete Seiveral tests are how
ever available which are stutable for routine diagnostic work and will
bring about a prelimnary classification 1n a simpler way than by the
use of serological methods

As known most of the 8 haemolytic streptococeal strams which are
pathogenic to human beings belong to one of the Lancefield groups A
Cor G and to group A in particular It 1s also hnown that addition of
nuclemnate ta the culture medium almost imvarnahly stimulates the pro
duction of haemolvsin hy strams belonging to these groups this re
sponse mas be used as criterton for primary classification of the stram
as pathogemie to human beings (Grubd 1950) Another simple test now
widely used 1s based on the fact that most streptococer of group A are
suscephible to bacitracin while streptococer of other groups are usually
resistant { Waxted 193)

Addition of glucose to the culture medium lowers the haemoly tic ac
tinaty of certan g haemolytic streptococer particularly of group A
streptocer This phenomenon has recenved nittle space m the anglo ame
nican literature and 1t was the fortuitous observation of such depres
sion of haemoltsis in our latoratory which prompted the present in
vestigation

The phenomenon has heen hnown for a long time and was deseribed
as ewrly asin 1906 by Ruediger In 1940 hobayash: offered a classifica
tion svstem for 8 haemoly tic streptococer the systemancluded a group
I which was most commonly wolated from cases of scarlatina and
from progenic lesions and whose haemolytic activity was depressed
l‘;\ Rlucose The nuthor humsell stressed the suymilanits between his

rouf 1and J ancefield s group \ and in - later paper Ogawa & Rhob
P obay

5%
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asht (1941) reported that strains of group I regularly helonged to group
A Hackenthal & Bierhowsh (1951) published another classification s3-
stem based on a series of blood agar plates to which had been added
sarious sorts of sugar, 1a glucose According to Brerhowsht (1956),
the absence of haemolysis by strans cultured on glucose blood agar
15 absolute cvidence of group A streptococar, streptococer of groups
B, D and N also losc some of their hacmoly tic activaty but they also pro-
duce a characleristic discoloration of the blood agar ~ Schnewers & Nik-
fetrat (1959) compared the resulis of serological determunabion of a
number of streptococcal strmins with those obtamined with baciracn
and glucose, all of their 81 group A strans were susceptible to baci-
tracin and showed whibition of haemolysis on glucose medium, while
strains belonging to group B, C and G showed no such uniform pattern

Neither the German nor the Japanese authors could find any relation
between the reaction of the streptococer to glucose mn blood agar me-
dwm and their capacity fo ferment different carbohydrates, including
glucose As carly as 1919 Brown expressed the view that absence of
hacmolysis by streptococer on addition of glucose to the medium was
due to reduced formation of hacmolysm In several of Ins papers on
the preparation of streptolysin, Todd states that if streptococer are al
lowed to grow in medium contaming glucose (¢ g Todd-flewntt hroth),
no streptolysin S will develop but only streptolysin O (Herbert &Todd
1944), thus has since heen confirmed by other workers (Bernheimer &
Rodbart 1948)

In the present imieshigation, streptococed) strams belonging to dil-
fert scrological groups were studied with a “tripple test” composed of
three sub-tests testing for susceptibihity to baeitracin, stimulation of
hacmolysis by nucleate, and mhibition of haemolysrs by glucose, the
purpose was to find out 1f group A streptococer could he differentiated
from other streptococer i this way

MATFRIAL AND MFTHODS

Vaterial 12 R haemoly tic streptococcal strains of which 125 had been collected
from specimens sent to the laboratory (throat and wound infections £y naecalogical
<amples and urste samples) and the remaining consisted of reference strans 18
stramns which had gnven growth of characterisbic colomies on tellurite agar were
classifsed as enterococct 85 strains were determined serologically at the Strepto

- - FR sarplagy Malme by the method described by
the method of Thulin (1949) The number
en an Table 1 blood

Wedium 11t sligpioe o 1 on blood agar plates the blood content
of \\(}(::ch consistedt of equal amounts of horse and sheep blod and which contamed
small amounts of KkC! NaaHPOy and maltose (Grubk & \gmar 1955) For the per
formance of the test was also used

tracin test dises (diameter 5 mm) containig 02 F bacitracin pre
,,;:'23 '\?,E K\‘:-,C,B;clcrmloslcnl Laboratory Karolinska Sjukhuset Stockiolm
¢ discs (diameter 127 mm) manufactured hy Schlewcher &
o e Bl cent glucose <olution (Dextropur) which had been heated in
.

a water bath at 100° C for 20 manutes
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for the pucleate test lablets of the following composition mnatr nuclein e faece
(Merek) 0025 taleum 00236 magn stearas 00004, amyl solan 0065

Performonce Each stram was smeared densely on a blood sgar plate, after which
the tno discs and the nucleate tablet were placed on the surface of the agar The
disc used for the glucose test was then allowed to absorh 3 drops of glucose solu
tion after which the plate way incubated st 37°C The results were read at the
earliest 12-14 hours later

Some strains were also studied by two other methads for their reaction to glu-
cost 87 strains were smeared an the blood agar plates of the above mentioned com
posttion but with an addition of 3 per cent glucose to the medivm 76 strans were
tested with a glucose solution in stamped holes 1n the plate (agar-cup methad) All
three methods gave identical Fesults, upon glucose agar medium many strains did
not loose all their haemolytic power hut the resulting haemolysis was faint and
greemsh <omewhat resembling the & haemolvsis given by viridans streptococcr

Eroluation

Bacttraein test positive (strain suseeptible), 1f 2 zone of growth inhibitron at
least 12 mm in diameter occurred around the dises

Glucose test positive, 1f a 2one free of haemolysis without discoloration of the
medum occurred arovad the discs,

Nucleate test positive if the h lysis was around the
tablet (= the ndnidual streptococeal colomes showing wider and more brilhant
20pes of haemals si5)

Tripple test  positive only if all three sub tests were positive

RFSULTS

In Table 115 shown how the 142 streptococcal strains belonging to 13
different serological groups reacted fo the “tripple test” (examination

of the susceptibihity to bacitracin and the effect of nucleate and glucose
upon the haemolysis)

TABLF 1
Susceptibilitiy to Bacitracin and Influaence of Glucose and \acleate upon the Haemo-
{ysis of Streptococer of Different Serologrcal Groups

net  ner | ner  mer | me. | me | ac— | me~
Croup wlowri e 4

B BC s A BN | A | 85| B ] ¢
A 53 - - - - s
< 2 2 3 2 H
E - - 19 19
G 1 ; 1 1‘ z i 2 H
i -1 - g ol PR+
iy e -
{\ 1 - 1 - - 1 1 g
o - - z ! H
° - " - 3 3
non A 2 - s - :1 - 1; 22(;

De+ = haemalysis stimulated by nucl,
B+ = haemolysis inhibited by glum‘s:.h
bact ~susceptible to bacitracin
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The 53 group A strains studied proved to be susceptible to bacitracin,
their haemolysis was mhibited by glucose and stimulated by nucleate
the “tripple test” thus positise One stramn not falling withm group A,
a group G streptococcus, showed the same pattern

The maternal mcluded 19 strams of groups C and G Of these, 8 (42
per cent) gase a positive reaction to glucose as well as to the nucleate
tests, while 18 (95 per cent) gave a positive reaction to one of these
two tests As to streptococer not falng within the A-C-G groups (4
strans), the corresponding figures were 3 (7 per cent) and 8 (18 per
cent), respectinely

6 sirans not helonging to group A (6 7 per cent) gave a posiline b
tracin test No streptococcus of groups B, D, K, N and O gave positise
reaction to any of the tests

The reading of the “tripple test” usually caused no difficulty Some
streplococcus strains, particularly those helonging to groups C, G, and
L, primanily showed very wide and briliant zones of haemaly<is, which
made 1t difficult to recogmze any stimulation of hacmolysis — Some
strains producced discoloration of the blood agar medium around the
glucose discs Pronounced and constant discoloration of the substance
of the medium was thus produced by most strams of groups B, M, N
and O, a weaker and less rcgular discoloration by enterococer and by
some stramns of groups C, G, H, and L. A darhening of the medum can,
of course, at first glanec be confused with inlibition of hacmolysis, the
discoloration zones were, however, always diffusely outlined, m con-
trast to the circular and well defined zones of mhibition of hacmolysis,
so that, as a rule, evaluation was not difficult

DISCUSSION

The nucleate- and glucosc tests mfluence the sime function of the
streptococel, the formation of haemolysin, and 1t 1s probably the for-
mation of streptolysin % thit 1s affeeted 1t 1s known that the nucleate
stimulates the hacmolytic activity of groups A, C, G, L and L (Grubb
1955), and :n this matcrial it was also found to stimulate this activaty
of same stratns of group H and M Bernhieuner (1948, 1949) found ihe
nucicie acid haemolysin 1 all respects studicd wdentical with strepto
lysin &, he observed the nucleic acid (ffeet i struns of groups A, D,
I, G Hand L

The glucose rcichion has heen tested by all previous vestigators by
addition of glucose (1-3 per cent) to the culture medium The dise
method described appears to be simpler and to grve more cs1ly readblc
resulls, m work with glucose blood agar 1t 1s necessary, for cxampie,
to use only very small mocula, since any preformed hacmolssin will
otherwise be transferred with the platinum loop and produce liemo
Jysis also m the glucose medium (performed haamolysin s thus not
inhibited by glucase) — In the present study the glucose was pourcd
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onto the dises just before use, but glucose discs may be prepared m ad-
vance, and they will stand seseral months’ storage They can probably
be stored much longer, but they are more liable to nfection than anti-
biotre dises

Mether the glucose nor the nucleate test alone can deaade whether or
not a streptococcus belongs to group A The baeitracin test s more reli-
able, 1n previous investigations the frequency of group A streptococer
among resistant strains has been about 1 per cent, while the frequency
of non—A—streptococel among sensitive strains 1 8 daffercnt series
was on the average 36 per cent {Schneweis-Nihfetrat) The corre-
sponding figures n the present material were O and 6 7 per cent, ve-
spectinely It thus seems to he more rehable that a streptococcus which
1s resistant to bacitracin 1s not a group A stran than vice versa

The “tripple test™ appears to be a more rehiable method than testing
with bacitracin alone, 1n the present matenal only 1 “false” group A
streptococcus was noted, and no “false” non-A-streptococcr If, prima-
rilv the question 1s not whether a streptococcus belongs to group A,
but rather whether 1t s pathogenic to human bungs, the test has a
further adsvantage a positive reaction on glucose and nucleate argues
for the stramn belonging to one of the human pathogenic groups C or G,
which are not at all recognizable with the bacitracin test

SUMMARY

Non-serological methods can be used for primary distinction between
group A and other 8 haemolytic streptococer Susceptibihty to baci-
tracin and stimulation of haemolysis by nucleate are characteristic pro-
perties of group A streptococes, as 1s another less known phenomenon
hibihion of haemolysis on addition of glucose to the medum, which
1s probably due to lowered production of sireptolysin S Each of these
phenomena occur also 1n streptococer not falling within group A, but
non A streptococer rarely show both susceptimhty to baeitracin, stimu-
1ation of the haemolysis by nucleate, and mhibition of haemolysis by
glucose All of the 33 group A streptococcal strans studied had these
three properties, while 88 of 89 non-A-streptococcal strains {represen-
ting all serological groups except F and Q) possessed at most two of
them 95 per cent of the streptococer helonging to groups C and G reac-
ted positnvely to glucose or nucleate, this implies an advantage of the
“tripple test” particularly over testing with haeatracin alone, which d
n;»l show whether the streptococer belong to groupCor G g!rep(ncoiiﬁ
:csp\::ouln B, D, N and O gate negative reactions 1n all of the three sub-

REFFRFA\CFS
Bernheim,
n""h“i‘:é :\“k:% 9;,]:0;[11’31(11;?90( & haclerial toxin (streptolysin S) by resting cells
T streatols !mroov:;;kss 0({::("‘!“::’H,p,ldl‘y.‘);c(]l;\‘xshn(ernI toxins as NMustrated
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The 53 group A strains studied proved to he susceptible to hacitracin,
their haemolysis was mhibited by glucose and stimulated by nucleate
the “tripple test” thus posttive One stramn not falling within group 4,
a group G streptococecus, showed the same pattern

The material meluded 19 strams of groups C and G Of these, 8 (42
per cent) gave a positine reaction to glucose as well as to the nucleate
tests, while 18 (95 pcr cent) gave a positive reaction to one of these
two tests As to streptococer not falling within the A-C-G groups (44
strains), the corresponding figures were 3 (7 per cent) and 8 (18 per
cent), respeetnely

6 strains not belonging to group A (6 7 per cent) gave a positive baci-
tracin test No streptococcus of groups B, D, K, N and O gave posiine
reaction o any of the tests

The reading of the “tripple test” usually caused no difficulty Some
sireptococeus sirains, particularly those helonging to groups C, G, and
L, prumarily showed very wide and brilhant zones of hacmolysis, which
made 1t difficult to rccogmze any stimulation of hacmolysis — Some
strains produced discoloration of the blood agar mcdium around the
glucose discs Pronounced and constant discoloration of the substance
of the medium was thus produced by most stramns of groups B, M, N
and O, a weaker and less regular discoloration by entcrococer and by
some struns of groups C, G, H, and L A darkening of the medam can,
of course, at first glance be confused with inhibition of haemolysis, the
discoloration zones were, howeser, always diffusely outhned, mn con-
trast to the circular and well defined zones of mhibition of haemolysis,
so that, as a rule, evaluation was not difficult

DISCUSSION

The nucleate- and glucose tests influenee the same function of the
streptococey, the formation of hacmolysin, and 1t 18 probably the for-
mation of streptolysin S that 1s affected It 1s hnown that the nucleale
stimuiates the faermals e zetesity of groups A, &, G L and L (Grubb
1955), and 1n this material 1t was also found to shmulate this activily
of some strains of group H and M Bernheuner (1948, 1949) found the
nucleie acid hacmalysin m all respects studied 1dentical with strepto-
Iysin S, he observed the nucleic acid effect i strauns of groups 4, D,
E, G Hand L

The glucose reachion has been tested by all previous inyestigators by
addition of glucose (1-3 per cent) to the culture medium  The dise
method deseribed appears to be stmpler and to give more easily read bl
results, i work with glucose blood agar 1t 15 necessary, for cxample,
to usc only ‘ery small 1nocula, since any preformed haemolysin will
otherwise be transferred wath the platinum Joop and produce haemo
glucose medm (performed hacmolysin s thus not

also 1 the
Tyss se) — In the present study the glucose was poured

mhibited by gluco;
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THE AETIOLOGY OF RESPIRATORY TRACT INFECTIONS
IN MILITARY PERSONNEL

% The Recovery of Coxsackie A-21 Vurus from Cases wilh Vinor
Resptratory Disease
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REBEKKA hJERSGAaRD, G Livoeoy, Z DINTER and L Putrrpson
Recerved 8162

Some enteroviruses have heen associated with respiratory disease i
chuldren (1,2) and military recrnds (3, 4, 5, 6), although few controlfed
studies hinking the virus to the illness have been reported

‘The Coe v1rus, origmally 1solated by 7 ennelle et al (1) and later 1den-
Ufied as Coxsackie A 21 (7), has been 1solated in single nstances 1n
North America (4), Fngland (8), Holland (9) and Japan (10) from
recrwits with mild respiratory discase Recently a controlled study was
presented, hinking the mild respirators disease ohserved to the Cox
sackie A 21 infection (5 6)

During the course of a continuous studv of respsratory disease in -
Itars recruits a number of strains of Coxsachie A-21 virus were 150~
tated duning the autumn of 1961 The present investigation reports the
chinical and virological findings m the personnel affected by this virus

MATFRIALS AND METHODS

The imestigation was carried out in a military camp at Uppsala according to
plans prevt usly described 1n detail (11 13) Only conscripts reportng for respira
t s disease at the hospatal <[ the camp were examined and a controlled study has

B 130k been performed More detailed infirmat 1 about the techniques nsed has
been reported earher (11 13)

€ oltectron of Spectmens
. .- '

5o

. - 4t u v ady mterval
200 € until tested 3 als Lhe sera were stored at

Virus hiolant n

ALl virol gical speeimens were amoculate!
nto the
oin m Tgus monkes kidney human kidnes and Hela ::ﬁfusso:::: ::«‘lmm Hoy
soce o€ the caltures have heen deseribed (1) Cullures were placed In 4 copones,
otating
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TABLF 1
Virus Isolations an Military Recruits with Resprratory Disease

Coswackie A Rerpes Adenosirus
Total Namber of eases .";'pi;" type
number of Number of Number of
s
Throat Faeces
2 8 ] 1 1

Huoemagglufination by Coxsachte A 21 Virus

Fuve of the eight strans of Coxsachie A-21 virus 1solated from the
throat swabs 1n human kidney cultures gave a positine haemagglutina-
tion with human group 0 erythrocytes at 4° C It nas found, however,
that the hacmagglutinating property of the strains was not stable, since
some batches of human cells produced b fimin when 1
with the virus, but others did not support this property although virus
was produced n titers of 107 ® TCDa/ml This capacity was not infuenc-
ed by differcnt media of the cell cultures

TABLE 2
Demonstration af Antibodies against Coxsachie 4 21 Vurus and Other Viruses
Recovered 1n Diseased Recruils

| Foustola |

Fourfold Fourfol{
increase | ourfol Increase | Fourfoll
e e W e | mere
pumber Virus ssolate anfibodies  *fibodies | antibodies | antibodies
e Cotsackic | Merpes
| \l‘axl\sa;]kle e \‘ Smhex
1 Coxs A 21 + + -
2 + + —
3 Coxs A1 + + —
6 Coxs 421 + + -
7 Coxs A 21 + + -
8 (ovs A 2] + + —
9 Covs A 21 + + —
19 Herp simp + + +
22 Adeno tvpe 2 - -

H1 = Haemagglutination inhibition

Serological ¥ ndings

Sera from all cases were investigated for neutralizing and haemag.

rlut -inhibition bodies agamst a num}, s
ier of viral antigens a.

deseribed in Mcthods Table 2 shows the resubls obtaned in the ‘r;mulr;
lization and HI tests for Coxsachie A-21 antihodies as well as the sero-
togieal tesults in the eases from which Herpes sumplex vires and ade
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drum at 37° C and read for mcroscopi¢ changes every second day for 10 davs \e
gatne cultures were blindly passaged and incubated for another 10 davs Haemad
sorption tests were carried out every fifth day on monkey krdney cultures

Virus Identification

Cvtopathie agents were identificd by means of neutralization with specific ants
sera agatnst the different viruses Idcnbification was alsa confirmed bh haemagelu
tination mmhibition test (HI) with strains having haemagglutinating properties Sera
used for identification of Coxsachie A 21 virus were obtained by ymmunization of
guinea pigs The prototype strain of Coxsachie A 21 virus was hindly supplied by
Dr A Stedmyr and an immune serum against this virus was supplied by Dr D A J
Tyrrcll

Bacteriologreal Technigue

The specimens were investigated according to techniques previously deserted
(12) and potential pathogens of the respiratory tract as Staphglocaceus aurens
haemolytic streptococer I, hit {1 and ocer were recordel

H I tron (IIA) and H ! hibrtion (HI)

HA and HI were catried out aceording to techniques carber deseribed for hacmag
glutination of FCHO srruses (14) Standardized 05 per cent blood susjensions of
human group O erythrocytes were used and the test carried out at +4° (.. Four H4
units were used in the HI tests

Serology
Neutealizing antibadies were determined by incubating sefial twofald didutions
of scrum with 100 TCDyp of virus for 1 hour at 37° C and subsequently the mi¢
tures were tosted for evtopathie effects on human hidney celtures Complete sup
pression of the cytopathic effect was used 1n determining endpoints The HI test
has been described previously (14) The titer in the HI test was expressed as the last
inmial dilntion of serum which produced eomplete inlabhition of haemagglutination
Complement f1xation tests were carried out in tubes with 01 m! of antigen and
serum respectively according to a method presjously descrsbed (11) All sera from
the affected conscripts were examed for complement fixing (CF) antibodies
against adencyiruses influenza A B and € viruses mumps and parainfluenza
and 3 viruses Herpes simplex and Ornithesis HI tests were also performed against

paramnfluenza 1 2 and T viruses The preparaticn of antigens has been described

in a previous report (11)
Antistaphylolysin antistreptolysin and antipneumolsysin were determined ac

cording to meth ds deseribed previously (12) Comyplement fixing antib dics against
Il influen ae was determined with a sonicated extract ¢! whole bacteria as the an

tigen

RESUITS

Virus Isolation

During the period Septentber 1961 January 1962 only 22 recruts of
a total of 710 conscripts reported for resprratory disease at the hosptal
of the mihitary camp These ¢ises occurred during the period October
23 November 29 In s1x of the cases Coxsachie A-21 virus was 1solited
n the two first cases observed, the sirus w s 1sohited both at onset ind
5 days later In all of the positine cases the virus was only recoverdd
frum'lho throat and not from ficces In onc case Herpes stmplox virus
and 1n another case adenoivirus type 2 were solited from the throat
Table 1 shows the virus wolations from the 22 cases investigated
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D orrhaea 1 1

Lymphodents
Nosol d schorge
pototo

e {:omuw
haryogeol
Yons exudate

6 s 10 15 2 0 5 10
Number of cases
Fig 1
Ssmptoms and signs m recruits sith respirators disease A Total number of cases
B Cases assoctated with Govsackic & 21 infection J M or B ache= Joint Muscle or
Boneache

the discases ohserved were classified as minor respiratory disease as
seen 1n Table 4 The classification used 15 based on the differentiation
earhier described (13) and onigmnally reporied by Grieble ¢f al (15)

TABLE 4
Diagnosts of Respiratory Disease Observed during the Autumn of 1961

[

‘ avsoci
with Covsachie A 21
§ infection

sl Number of cases
P— Totst pumber

Min r respratsry tllness

Phars ngo-ce Ryunetis Wi
Exudative pharvagitic

Acute respirate s disease {ARD)

PRSP
—oma

COMMENT AND SLVVMARY

An associalion between Coxsackie A-21 virus and minor respiratory
disease in military recrmts appears Likely from the presented data, but
a definite linkage between the virus and the disease can only he ob-
tuned after 2 controlled study However, the combrned results {rom the
serologieal investigation with a number of viral and bacterial antige

mdicale an association hetween the disease and the svirus rccmfre'(‘l‘
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novirus {ype 2 were 1solated It can be scen that n all eases from which
the Coxsackie A-21 virus was 1solated, a fourfold or Iugher merease in
titers of neutrahizing as well as haemagglutination-inhibiing antibodies
was observed In additional 3 cases a significant antibody rise was
dentonstrated, although Coxsackie virus was not 150lated from the cases
Except for the reported positive findings, no sigmficant hitcr merenses
were ohserved n the other tesis performed

Bacleriological N'ndings

The results of the bacteriological cxammation as well as the signifi-
cant liter rises agamst the bactenal antigens are shown in Table 3
Lxcept for the 2 cases associated with infcetion of hacmofy tte strepto-
cocel, hacterial infections did not appear to contribute to the chneal
discase ohserved

TABIF 3

Bacteriological Findings and Anfibody Response to Bacterial Anligens n the
Recruits with Respiratory Disease

Numl er of cases
@) associated

) 1 Total numlier
o edmtecton wll{x_( oxsachie \ 2t

at admission of cases (2]

Staph atrcus 1n 4
Haemols tic streptococcr 3 3
Pnewnocoeet 1 ‘1
I influen~ae 2 H
Menmingacocct 1

Sigmificant mmerease tm antibady titer

Antistreptaly sm 2 g
Antistaphy lalvsin 1 5
Antipnevmolyun ‘()) M

CF antibodies against i inffuen-ae

Lhinical Nndings

The conscripts reporting for respiratory disease were exumned by
a physician i the team and symptoms and signs recorded The mamn
symptoms were coryza, cough, sore throat, and maluse the signs ob-
‘Z-ned were nasal discharge, mjection of the pharynx, and in sm‘m- cascs
fever above 38° C Fig 1 shows the symptoms and <igns in the 22 cases
observed mn the autumn of 1961, comparcd with the 9 cases assoes l'l(‘l)

th Coxsackie A-21 virus on the basis of virus 1solitiens and or signi-
he t mnerease 1w antsbody titres agunst this virus When the cases
‘f‘lg:: dnlnb‘ulcd according to category of respuralory disc 1se mast of
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Recent studies on human serum proteins by means of starch-gel clee-
trophoresis (12-14) and immunoelectrophoresis (1-8) haue resvealed
the existence of proteins with varying electrophorelic mobilities n sera
from different wmduniduals Up ta now, three wndependent proten sy-
stems, the haptoglobins (Hp), the transferrrins (Tf) and the group-
specifie components (Ge) have been found to occur in electrophoretie-
ally distinct and genctically determined types mndividual sera (2,12,
13)

These serum protein differences can be visualized by means of 1m-

lectrophoresis since precy with sarying electrophoretic
positions and shapes appear, when sera belonging to different Hp-, Tf-
or Ge-types are tested This fact allows sera to be divided into several
mun groups (2 9)

Sera which have 2 fast group-specific (Ge 1-1)
g1ve an are shaped preeimtate which 1s situated more anodal than that
of sera with the slow component (Ge 2-2) In addition, certain human
~era belong to a thied masm group (Ge 2-1) whaeh, immunoelectro.
phoresis gives a two peaked or extended precipitate (2) This shape of

the Ge 2 1 precaipitale can be explaned by the simultan
of the Tt s wellasthe ™

) eous presence
slow™ Ge pratein i sera of this type There-
fore a sumihar precipitate can be obtamed by subjecting a mixture of
Gel ) md Ge2 2serito immunoclectrophoresis (2, 6, 7} The dal
part of this extended precipitate 1s thus formed h lhe Teactuy 2"(011\
dlectrophoretieally fast Ge molecule populations with the Ge 1(“;;: ,h?
m the immune serum  the eathodal part s formed by the slow :‘I o
cule populitions rcacting with (presumably) the ﬁ.ame Gc-::nll:;)::l‘x’::-

in
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Recent studies on human serum proteins by means of starch gel elec-
trophoresis (12-14) and immunoclectrophoresis (1-9) have revealed
the existence of proteins with varying electrophoretic mobilities n sera
from different individuals Up to now, three mndependent protemn sy
stems the haptoglobins {Hp), the transferrrins (Tf) and the group-
specific components (Ge) hasve heen found to occur n electrophoretic-
cllg) distinet and genetically determined types in mndividual sera (2,12,

}

These serum protein differences can be visualized by means of 1m-

lectrophoresis  since pr s with sarying electrophoretic
positions and shapes appear when sera helonging to different Hp-, Tf
or Ge types are tested This fact allows sera to be divided into several
main groups (2 9)

Sera which have  fast muigrating group speeific component (Ge 1-1)
#ue an arc shaped precipitate which 1s situated more anodal than that
of sera with the slow component (Ge 2 2) In addition certan huma
sera belong to a third mam group (Ge 2 1) which 1n mmmunoelect: .
phoresis gives two peaked or extended preaipitate (2} This sh: o
thi. Ge 2 1 prectuiate sam b exphamed »s shape of

precu e asphanad Wy e vamutancons prese
of the fut aswellasthe slow’ Ge proten in sera of ths tv pe Thcr::e
fore a similar precipitate can be obtamed by subjecting a mixture of
oclectrophoresis (2, 6,7) The anodal

15 thus formed by the raamt ~ e+

part of this extended precipitate
L

vt iesumanty ) the same Ge antibodies

an
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Thus, due to a “reaction of immunological identity” between these two
immunologieally 1dentical but clectrophoretically different molecule
populations, two confluent precipitates are formed

In the present paper, the effect of hlood transfusions on the Ge-
pattern of the recipient will be discussed

MATFRIALS 4\D METHODS

Blood samples were drawn from 23 newborn infants of Rh immunized mothers
at the beginning and end of exchange tr. and n some inst at yarvng
intervals after the transfusion(s) The serum was decanted after incubatjon at
+4° C overnight and kept at —20° C until myestigated Blood from the denors used
1n the transfusions was treated 1n a similar manner

Immunoclectropharesis was performed on object shides (11) according to a modi
fied procedure described elsewhere (3) The patterns were developed with absorbed
anti human immune sera prepared in rabbits (4 5) After clectrophoresis the ab
sorbing reactant and I hour Iater, the immune serum were added to the anttbods
basin and the slides incubated at 37° C for about 20 hours On the following das
notes were taken of the resalts npon which the slides were photographed 1n ablique
light

RESULTS

The analysis of the samples showed that in some children the shape
and clectrophoretic position of the Ge-preeiprtates after exchange trans-
fusion were different from findings before the transfusion

A representatine case 1s shown in Fig 1 where the immuno clectro-
phoretic patterns of several samples tahen from the same cluld at yary-
g mtersals are presented (Table 1) The child’s Ge ty pe before trans-
fusion 1s Ge 2 2 (Fig 1 A) Immediately after the first transfuston, his
blood sample was classified as Ge 2-1 (Fig 1B) In a new sample
taken 16 hours later, the Ge-type was agan shown to be Ge 2-2 (Fig
1C) After the second exchange transfusion, the child’s blood give an
asymmetrical precipitate when tested m 1mmunoclectrophoresis (Fig
1D) This ty pe of precipitate 1s not found 1n non-transfused ndnduals

The various Ge patterns of the nfant’s serum are also shown m
Table 1

Simular results were obtained for the other exchange- transfused m
fants Thus, children belonging to Ge 1-1, 2-1 or 2-2 after transfusion
always gave Ge-precimtates with changed shapes if the donor helonged
to a Ge-type different from the recipient, whereas 1f donor and recipient
were of the same Ge-ty pes, no change n shape of the Ge-precipitate was
observed The § dufferent shapes of the Ge-precipifate seen in connec-
tion with exchange transfusions arc given in Table 2

In all mstances 1n which the shape of the Ge-precipitate changed,
these changed patterns were found to disappear within 20 hours after
transfusion regardless of Ge-types of donor and recipient

In Table 3, the different Ge~fypes of ihe recipient (hefore and mime-
iately after transfusion) and the donors found mn the present material

are gusen
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Thus, due to g “reaction of unmunological wdenfity” hetween these fwo
mmmunologically identical bhut electrophoretically different molceule
populations, two ¢onfluent precipitates are formed

In the present paper, the effect of blood transfusions on the Ge-
patéern of the recipient will he discussed

MATFRIALS AND METHODS

Blood samples were drawn from 23 newborn infants of Rh immunized mothers
at the hequnning and end of exchange transfusions and 1n some instances at yarsing
mteryals after the transfusion(s) The serum was decanted affer mncubaiton at
+4° C overnight and kept at —20° ¢ until mxestigated Blood {rom the donors used
n the transfusions was treated 1in a simtlar mapner

Immunoclcetrophorests was perforined on object shdes (11) accerding to a2 mod:
fied procedure deseribed elsewhere (3) The patterns were deseloped with absorbed
anty human jmmune sera prepared In rabbits (4 5) After electrophorests the ab
sorhing reactant and 1 hour later the immune serum were added to the antibody
basin and the slides ineubated at 37° € for ahout 20 hours On the following day
notes were taken of the results upon which the shdes were phatographed m obhque
hight

RFSULTS

The analysis of the samples showed that m some children the shape
and clectrophoretic position of the Ge-precipitates aftcr exchange trans-
fusion were different from findings hefore the transfnsion

A representafive case 15 shown in Fig 1 where the immuno electro-
pharetie patterns of several samples taken from the same chiid at vary-
g intervals are presented (Table 1) The child s Ge-ty pe before drans-
fusion 15 Ge 2-2 (Fig 1 A) Immedtately after the first transfusion, his
blood sample was classified as Ge 2-1 (Fig 1 B) In a new sample
taken 16 hours later, the Ge type was again shown to be Ge 2 2 (Fig
1C) After the second exchange transfusion, the child's blood gae an
asymmetrical precipitate when tested i immunoclectrophoresis {Fn3
1D) Thus ty pe of precipitate 1s not found 1n non-transfused mndiduals

The various Ge patterns of the wfant’s serum are also shown i
Table 1

Sumilar resnlis were obtained for the other exchange- transfused -
fauts Thus, children belonging to Ge 1 1, 2 1 or 2 2 after fransfusion
always gave Ge-precipitates with changed shapes i1f the donor helonged
to a Ge-ty e different from the rceiprent, whereas 1f donor and recipient
were of the same Ge-types, no change 1n shape of the Ge precipitate was
ohserved The 5 different shapes of the Ge-precipitate s¢en in connee-
tion with exchange transfusions are grven i Table 2

I all wistances i which the shape of the Ge-preespstate changed,
these changed patterns were found to disappear Wathin 20 hours after
transfusion regardless of Ge-~types of donor ana reeipient

In Table 3, the different Ge-types of the reerprent (hefore and imme-
diatcly after transfusion) and the donors found in the present materiat

are grven
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Immuno electrophoretic patterns of serum from a newhorn taken at birth (A) after
1st exchange transfusion (B) before 2nd exchange transfusion (C) and after 2nd
exchange transtusion (D) The precipiate closest 1o the antibndy trenzh under
atrow (o™ 1x the Ge precspstate Note also absence of one strong precipitate (hapte
& bin) 1 this arca 1n A& (umbilieal cord serum) as compared to B € and

nd Ge 1 1 serain equal amounts tkig 1 B) The practical importance
of these findings 15 tnfer alta that the disappearance of certain passively
transferred blood proteins evidently can be followed hv means of 1m-
munoelectrophoresis This 1s shown in Fig 1 € where the fast molecule
populations e no longer demonstrable implicating their disappear
ance under the sensitinity Lt of the technique within 16 hours after
trinsfusion

This ramd disappearance of foreign proteins has also heen observed
for the other cases (‘Table 3) and for the haptoglobins (10)

in addition {0 these more qualitative aspeels of transfused serum
proteins 1 <emiguanhiative measure of the ratie betneen the mdicg
duals own protemn and the transfused protein 1s obtamned by immuno
dlectrophorests This 1s due ta the fact that the position of o particular
preeytate butween the diffusion centers for antigens and antibodies
samies with the antigen antibody ratie Thus when sera belonging to
Ge t Uand Ge 2 2 are mixed 1n different relitine broportions subse-
quent immuno-clectrophoretic analyss of the mixtures will rev eal Ge-
precipitates with varying shapes (6 7) This effect is also obtatned Iy
nuxing seen helonging to Ge 1 1 with sera of type Ge 2 1 (6 HR! :
sery belonging 10 Ge 1 1 and Ge 2 2 are mixed in the ratio of 1 ;qa

D
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TABLT 2
Diagrammatic Drawings of the Different Ge Precipuates Found in the Present
Material
Pl
recipitate Anode to the left

shape

! //’_\
T~

w

@

TN

TABID 3
Infferent Combinations of Ge Patterns of R {before and
Transfusion) and Donors Found n the Present Vaterial (Figures in Brachets Refer
to the 5 ffercnt Shapes of the Ge-preeipitate as giwen i Table 2)

lrately after

Ge ype of recipicnt Ge type of donor

belore ifter

118) 11¢H 11(4)
11 asymm (2} 21(3)
21(3) asvmm (2} 11(4)
21(3) 21(3) 2143
2 1(3) assmm (1) 2 2(5
22 (5) 21(3) 11
2 2¢5) assmm (1) 21(3)

DISCLSSION

The general resulls given mn Table 3 show that immuno-ciectrophore-
tic analy sts of serum frem transfused reciprents allows the recogmtion
of foreign Ge protem if the blood 1s takcn mmmeduitely after trans-
fuston This feiture secms to apply also to transfused, adult mdnaduads
In the example gnen m F1g I and Table 1, the Ge 1 1 moleculc popu-
lations 1n the donors used m exchange transfuston I are demonstrable
after transfusion mn the chuld’s serum  Together wilh the infant s own
Ge molecule populations, they grve a patiern indistingnshable from the

preaipitate of Ge 2-1 mdaduals or from an i sitro muxture of G 2 2
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ransferred foreign serum proteins in the host and allow a further

msight into some of the many complex aspects of blood transfusion
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symmetrically extended or two-peaked precipitate 18 obtamed If, how-
aver, the mixture 1s carried out 1n the ratio 1 3, the Ge-precipitate 1s
asymmetrical with a shape sinular to that of Fig 1D (7) The explana
tion of this 1s that the concentration of the fast Ge molecule popuiation
1s only 1/3 of the concentration of the slow Ge-protein in such mnture
Conscquently, the Ge-preespitate caused by the reaction of the fast Ge
molecules with the antibodies in the immune serum will be formed
closer to the antigen diffusion center than that formed by the slow Ge
molecules which, because of a higher concentration of antigen, will
appear closer to the antibody basin Therefore, the shape of a precipitate
m immunoclectrophoresis will reflect the quantitative distribution of
clectrophoretically different although immunologically 1dentical mole
cule populations 1n the gel 1f 1t 15 assumed that these different molecule
populations arc 1dentical in other respects concerning, e g, therr diffust
bility n gel, their qualitative degree of reactivity with the antibodices,
cte It has been shown by artificial mnture cxperiments that these s
sumptions are vahd for the fast and slow molecule populations of the
group specific components when tested aganst hetero-immune sert
prepared an rabints, horses, and monhkeys (6, 7)

The asymmetrical shape of the Ge-precipitate mn Fig 1D nmght,
therefore, be explamed by assuming that a smaller amount of fast Ge
molccule populations 1« present m this sample as compared to 1ts content
of slow Ge protein The reason for this 1s the fact that the donors m ¢x-
change transfuston I were of the types Ge 2 2 and Ge 2-1 Consequent
I3, the amount of the fast Ge protern (1-1) which has been transfused
15 smaller than the amounts of the transfused and the mdidual s own
Ge 2-2 protan

In concluston, the demonstration of serum protein poly morphisms 18
not only of value as regards their use 1 genetic studies hut also re-
presents a “physiologieal tagging’ by means of which passnely trns
ferred proteins can be 1dentified and studied with regard to quanhlt
tive and qualtative properties in the host In the present papen the
vahdity of this postulate has been demonstrated and tentative, practiet!
applications of the Ge-system 1n connection with transfusions Sug-
gested

SUMMARY

of
Sera from passively immumized newborns were studied by means

immunoclectrophoresis The samples were taken from the sam¢ ndi -
dual before and after cxchange transfusions In some mstanees, PO
neunced changes 1n shape and clectrophoretic position of a polymor-
phous protemn precipitate (Ge) were found Some of these changed ;m-
muno-electrophoretic patterns are shown and the underiying mecit)
msm discussed It 1s concluded that the occurrence of genetreally dl““’(
mined, different scrum proteins in different individuals mght be (;\
salue 1n studies of quantitative and qualitative aspeets of passte
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transferred foreign™ serum protemns wn the host and allow a further
insight mto some of the many complex aspects of bleod transfusion

e

o

- =

Se

REFFRENCES

Crabar P & “ dhiams € 1 Vethode permettant 1 étude conjugée des propriétés

ct dun mélange de pritéines Ap

plication au sérum sanguin - lhothlm Biophys Acta 10 193 194 1923
J 1

of
i normal sera and thdir r:hllon 10 the haptoglobins :\cla path et micro
biol scandinay 47 160-163 1929
Hirschfeld J Immunoelectrcphoresis  procedure and application to the study
of group spcclhc \arlalmns in sera - Science Tonls 7 18-25 1960
k2 duf b

m a
nother group spccific inheritable system 1n normal human sera \ature
187 126-128 1960

Hirschfeld ] Charactenizatin of precipitating components mn Pormal sera
obtamed by an immuno clectrophorelic technique  Acta path et micro-
biol scandinay 49 253 269 1960

Hirschfeld J  Shape of the n immuncc ~ \ature 185
164-165 1960

Hirschfeld J The use of immunoclectrophoresis in the analysis of normal sera
and 10 studies of the iheritance of certain serum proteins  Science Tools
8 17 25 1961

Hirschfeld J The Ge system Immuno clectrophoretic studies of normal human
sera with special reference Lo a new genetically determined serum system
(Ge)  Progress in Allergy £ 155 186 1962

H rschfeld J Unpublished results

moarea e xn e moa ot

« oA .

Smrthies 0 An improved for starch gel further va

riations m the serum proteins of normal individuals — Bmchem I, 71
58>-587 1929



446

symmetnically extended or two-peaked precspitate 1s obtamned If, how-
cver, the muxture 15 carried out m the ratio 1 3, the Ge-precrptlate 1s
asymmetrical with a shape sumilar to that of Fig 1D (7) The explana-
tion of this 1s that the concentration of the fast Ge molecule population
15 only 1/3 of the concentration of the slow Ge-protemn i such mixture
Consequently, the Ge-precipitate eaused by the reaction of the fast Ge
molecules with the antibodies in the immune serum will be formed
closer 1o the anhigen diffusion center than that formed by the slow Ge
molecules which, hecause of a ligher concentration of antgen, will
appear closer to the antibody basin Therefore, the shape of a precymtate
m mnmunoelectrophorests will reflcet the quantitative distribution of
clectrophoretically different although immunologreally 1dentical mole-
cule populations 1n the gel 1if 1t 1s assumed that these different molecnle
populations are identieal in other respeets concerning, ¢ g, their diffusi-
bility m gel, their qualitatine degree of rcachinity with the anthodies,
efe It has heen shown by artificsal muxture experiments that these as-
sumptions are valid for the fast and slow molceule populations of the
group speeific components when tosted agunst hetero immune sera
prepared m rabbits, Rorscs, and monkeys (6, 7)

The asymmetrical shape of the Ge-preciptate in Fig 1D nught,
therefore, he explained by assuming that & simaller amount of fast Ge
molecule populations 1s present 1n this symple as compared to 1fs content
of slow Ge protein The reason for this 14 the fact that the donors i ex-
change transfusion IT wre of the types Ge 2 2 and Ge 2-1 Consequent
1y, the amount of the fast Ge protemn (1-1) which has been transtused
15 smaller than the amounts of the transfused and the mndinidual’s own
Ge 2-2 projein

In conclusion, the demonstratton of serum protein polymorphisms s
not only of value as regards their use mn genetic studics but also re-
presents a “physiologieal tagging* by means of which passnely trans
ferred proteins can be 1dentified and studied with regard to quanhtn-
tive and quahtative propertics in the host In the present paper the
valdity of this postulate has heen demonstrated and tenlatie, practieal
apphcations of the Ge-system n connection with transfustons sug-

gosted
STMMARY

Sera fram passnely immumizcd newborns were studied by means of
\mmunaclectrophorests The samples were taken from the satie inditi-
dunl before and after exchange transfusions In some instances, pro-
nounced changes in shape and clectrophoretic position of a polymor
phous protun precipmtate (Ge) were found Some of these changed 1m-
muno-clectrophorelic patterns are shown and the lmdcr]_\m;lzl meeh -
nism thecussed 1 1s conctuded that the occurrence of genetieally deter-
different serum proteins m different indisiduals might be of

":lr:;d'm uthes of quantifatine and quafititive aspects of p wendly
AXi N

~
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vaceima vaccination using multiple pressure lechnique Blood samples were taken
10 the first week te befcre the vaceinations and 1n the Durth l\;|d \:‘Lenlh weeks

the same person were alwars tesled simultancoushy

The posiline results recorded arc shown in the table \ transient appearance of
the RF as measured by the Waaler Rose and,or 1atex one tube test was chservable
in eight instances There were wa additional cases wilh titer increa<e but no
reduction In three Inslances prsitive results Temained stationary through the
observatien period N\ cases with positne resulls 1n only the first sample were
recorded All the recruits with positive results were in good health during the
observation period Thus 1t seems reasonable to correlate the appearance of the RF
with vaceinations Whether the results reflect a true appearance of the RF in the
circulation or only a liter increase above the sensitinty threshold of the metheds
wannat be said with certamnty 1t is suggested that among apparently healthv persons
there are a few with varying degrees of a tendency to form RF n connection with
antigen stimulation

References 1 Aho A Ann Vied exp kenn 39 Suppl 7 1961 ~2 Singer J &
Plotz ¢ Arthnitis Rheum 1 1421958 —3 Wellamse R & Aunkel H 3 clin Tnvest
41 666 1962

BRIEF REPORT

A MOUSF PATHOGENIC STRAIN OF PARA INFLUENZA VIRUS TAPE 3
ISOLATFD FROM CATTLE

by € Rindom Schiott and ¢ Hyldgaard Jensen

Several viruses causing respiralory infections 1n human beings have been f<o-
lated from cattle Klemn et al (1959 1960) fsolated a bovine adenovirus related to

From a cow with mucosal disease we have recently isolated a virus designated

Material frem recta) and nasal swabs from the cow was inoculate
tissue cubturcs and after 4 days a cytopathogenic effect (CPE) was
the cultures inoculated with material from the nose Titration of
£l = v - 103 TCDoq per 01 ml

laques with degenerated cells and later
. msa stained preparations a number of
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VIrus infected
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U of red cells from con guinca pig and human tvpe O  Fany
«f virus hO 23 was dedroyed by exposure to 20 per cent a,
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TRANSIFNT APPEARANCI OF THI' RHFUVMATOID FACTOR
IN CONNECTION WITH PROPHYI ACTIC VACCINATIONS

By A 4Ahol2? A Ronttinen M Rajasalmi and O W agerl

It hay been possible to produce a rheumatord factor Iike substance in rabbuts by
antigen stimulation In addition to chronic Iiner diseases  false positnve results m
rheumatoid scrological tests have been encountered in various infections Recently
a high percentage of positive reactions was recorded by Walliams & hunkel (3) m
long lasting cases of subacute hactenal endocarditis

These observations suggest that the appearance of the rheumatoid factor (RF) 18
connected with n t1wo antigen antibody interactions However for explanabtion of
the relatisdy high specificity of the RE there remains the question of why 1t should
be assumed that the antigen antibody interactions 1n rheumatord arthntis would
differ essentialls from those eg in rheumatoid spondyhitis or in lues (in long
lastmg cascs of subacute bacterial endocarditis the antigen stimulation apparently
15 very strong)

TABIF Recarded Pasitic e Results

Rheumatold 1actor (Waaler-Tose [ alex)

Name .

!

18t Samiple 2! Sample 37! sample 41 Sample
J o/ 0/+4 2 0o/
Ka 0/ 500/ 128/+ 3y
ho! o/ 64/ o
Me o/ 0/4- o
It o 128/+ 04 0
Sa o/ 0742 0
Uk 0/- 042 o
A9 o o+ o
A o 0 0/+?
Im 32/ e4/4 61+ o+
1¢* 0/+? o7+ 07+
\a 128/ + 128+ 128/+
Wa 2507+ 250/ 4 500/ +

1 Occavional miner subjective complamnts in proximal antcrphalangeal jonts
~ Mither sufforing from rheumatord arthritys

have fallowed the
In order to evaluate the possible Tole ¢f the host respense we

tcr(vlul!l(';l «vents an a series of 245 healthy mailitary recruits During the sceond an
thard weeks of their service thes were subjected to the following vaccination pro
s and Salmonella vaceine (5 If of tetanus tox 1d and :(l);s

raccine (12
% aratypht B and 1051 S typhi murium) mumps

: x:l‘nphl!ulln‘r]mu:g \‘l’nlls of formaline inactivated Faders stramn) diphtheria vaceine
(IL lfgir toxoud) polio sacerne (105 tipe 1 10 3 type 1 and 10 tspe 1) and

e Municy al Bacterioloyreal Iaboratory Aurora Hespial

gram (ombined tetanu:

Recorved 29 x1 62 from th
”1‘1,"9",\' lr:’z-'(llm;:\l research grant A 3026 from the National Institute of Arthris
uppo

¥ pablic Health Serice
and Metatole? Drscases U o the Surwd Juséius Foun late
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The prevalence of virus KO 23 antibodics 1n the scra of cattle was studied from
October 1961 to June 1962 Acutc and convalescent sera (80 pairs) were obtamned
from cattle in herds with present or previons experiences of mucosal disease 95
per cent of the acute and all of the convalescent sera were able to neutralize virs
KO 23 The significance of the mercasing amount of antibadies agatnst virus h0 23
in relation to disease will be discussed elsewhere

Sera from healthy human beings alse reveal antibodies 1n a large proportion
of cases One group consisted of 49 sera from healthy donors 18 56 years old and
the other sera (48) were taken from children 6 month to 15 vears ald Only 2 of
the adults had no antibodies 1n their serum (diluted 1/8) as compared to 10 of the
cluldren Alout half of the sera from adults and 25 per cent of the childrens sera
were able to neutrahize 300 TCD, of virus KO 23 when the serum was diluted 1/128
or more (Rindom Schiott)

The (P the filtration experiments the hemagglutination capacity and the seny
tnaty to ether render it likely that virus KO 23 15 related to the para wfluenzs
group of viruses Virus RO 23 has infact later been identifted as the bovine type
of myxovirus para influenza type 3 by the hamagglutination mhibitton test and
we are indebted to Robert M Chanoch MD NTH Washington DC  who kmdh
made the wdentification

In one respect strain hO 23 differs from other PI 3 strains In our first report we
found that strarmn KO 23 was pathopenic for suckling mice after intracerebral o
culation Injeetion of 001 ml of undiluted tissuc eulture fluid contarming 199%
1€ Dyo of virus resulted 1n nfection 6 7 davs Iater The mice were apathic and looked
thinner and smaller than the animals of the control group The gait was consider
ably more reehing and shaky than normal Paralssis did not occur Attempts to pass
the virus by antracerebral inoculation of bramn material from sich ammals were
unsuccessful

Later we have succeeded yn passing the virus by the intracerebral route for more
than 10 passages using a 10 per cent brain suspension as passing material When
this material 25 titrated 1n bissue culture 1t gives from 1028 to 1038 TCDyo per 01 mt

After each passage the virus has been identified by neutralization with an im
mune serum prepared by moculation of guinea pigs with virus KO 23 infected tissug
culture flud Thus the possibibity «f a contammation with an unrelated mouse
pathogenic virus can be excluded

The experimental infection with this mouse adapted PIstramn wall be further
i estigated

Summary 7The 1solation of 4 virus from a cow with muccsal disease 15 dcecnheg
The virus has been 1dentified as a bovine type of my xovirus para influcnza type
The varns is pathogemie for suchling mice after intracerebral moculation
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