


ACTA

PATHOLOGICA

ET MICROBIOLOGICA
SCANDINAVICA

[

| D) MICROBIOLOGY
‘ K

|
EDITORINL BOARD S BDVISORY BOAKD
¥ CHR SIIM DENMARK H LAUTROP DENMARK
P H MAKRELA FINLAND EBBA LUND DENVARK

A GUDNADOTTIR ICELAND
G WAUREMVES NORWAY
R GRUBB SWEDEM

SALMI FINLAND

Y RENKONEN FINLAND
KOLBEINSSON ICELAND
PALSSON (CELAND

A
o
A
A
K IYSSUM NORWAY
EDITOR IN.CHIEF T
T
A

MIDTVEDT NORWAY
J CHR Slivt

HOLME SWEDEN
SYVEDMYR SWEDEN

VoL 88

B FASC | FEBRUARY 1980 ISSN 0304-131x

MUMNKSGAARD COPENHAGEN



ACTA PATHOLOGICA ET MICROBIOLOGICA SCANDINAVICA

Founded 1924
Editor-1n-Chaef J Cur Sum, M D, Copenhagen, Denmark
Managing Editors Jakon VisreLot, M D and

Erik Brummerstept, D V M
Consultant for Illustrations Mr AKSEL BIRCH-ANDERSEN

Editorsal Office c/o INGER DANIELSEN, Secretary,
Johnstrups Allé 6, DK-1923 Copenhagen V, Denmark

Acta Fathologica et Microbiologica Scandinavica 1s ded for the prompt publication of
onginal research 1n the fields of pathology, microbiology, and immunology It i1s included 1
Current Contents, Excerpta Medsca, and Medlars

Acta Pathol el Microbiologica Scandinavica 1s a nonprofit-making sciennfic journal Since
1924, 1t has been published by the Scandinavian Societies for Medical Microbuology and
Pathology It appears in three sections Section A Pathology, Section B Microbiology, and
Section C Immunology

Acta Pathologica et Microbiologica Scandinaviea has subscribers in more than seventy
countries throughout the world with a wide readership 1n the major research institutes
h fs, I 1es, and specialist hbranies

EDITORIAL CORRESPONDENCE
All garding 1pts and editonal matters should be addressed to the
Editonal Office, c/o Inger Danselsen Secretary, Johnstrups Allé 6 DK-1923 Copenhagen Vs
Denmark

SUBSCRIPTION

At present one annual volume of Secuon A, one of Section B and one of Sectson C (each secuon
consisung of § 15sues appearing bimonthly) will contain a total of spprommately 1300 pages Dunng the

past few years app ly four free ! have been sssued annually These supplements wail
be dehivered 1o the by surface mal a1 1o extra charge The SUbSCrphon price 1s
Sect A B and C Dkr 980 ~ plus postage D kr 84 - (S 202 20 £ 9045 DM 351 15)
Sect A D ks 580~g1us poslage Dkr 28~ (511555 £ 5170 DM 20070
Sext B D ke 580~ plus postage Dkr 28 —~($ 11555 £5170 DM 200 70
Sect C Dkr 460 ~ plus postage Dkr 28— (§ 9090 £41 50 DM 16005
Sect A and C (combined) D ke 860 ~ plus postage Dkr $6-(S 174 10 £ 7790 DM 302 30
Sect B and C (combined) Dkr 860~ plus postage Dkr $6~(3 17410 £7790 DM 302 30

Back numbers (whole volumes or single copies) are avaitable

NB Al prices are subject to exchange rate fluctuation

. T .
1 v

. ~
Ao . . PN
M, i Al r1ghts reserved

© 1980 by Acta F I et
Rep: . w any form nclud without written permusston of the Editor 1s prohibited

Second class postage pud at Jamaca NY  Atrfreight and mailing 1n the US by Pubhcauons
Expediting Inc Elmont NY ({003 Printed in Denmark




ACTA

PATHOLOGICA

ET MICROBIOLOGICA
SCANDINAVICA

Section B MICROBIOLOGY

EDITORIAL BOARD ADVISORY BOARD

J CHR SIIM DENMARK H LAUTROP DENMARK

P H MAKELA FINLAND EBBA LUND DENMARK

A GUDNADOTTIR ICELAND A SALM! FINLAND

G HAUKENES NORWAY O V REVKONEN FINLAND
R GRUBB SWEDEN A KOLBEINSSON ICELAND

A PALSSON [CELAND

K JYSSUM NORWAY

T MIDTVEDT NORWAY
T HOLME SWEDEN

A SVEDMYR $WEDEN

EDITOR IN CHIEF
J CHR SHY

VOL 88B FASC !-6 1980

MUNKSGAARD COPENHAGEN



ACTA PATHOLOGICA ET MICROBIOLOGICA SCANDINAVICA

Founded 1924
Editor-in Chief J Cur Sum, M D, Copenhagen, Denmark
Managing Editors Jaxos VisreLor, M D and

Erik BRUMMERSTEDT, D V M
Consultant for Illustrations Mr AxsEL BircH-ANDERSEN

Editorial Office c/o0 InGER DANIELSEN, Secretary,
Johnstrups Allé 6, DK-1923 Copenhagen V, Denmark

Acta Pathologica et Microblologica Scandinavica 1s wtended for the prompt publication of
onginal research 1n the fields of pathology, microbiology, and tmmunology It 1s included 1n
Current Contents, Excerpta Medica, and Medlars

Acta P gica et Microbiologica Scandi -a 15 & nonprofit making scientific journal Swmce
1924, 1t has been published by the Scandmnavian Societies for Medical Microbiology and
Pathology It appears in three sections Section A Pathology, Section B Microbiology, and

Section C Immunology

Acta Pathologica et Microbiologica Scandinavica has subscnibers i more than seventy
countries throughout the world with a wide readership 1n the major research institutes
h Is, J 1es, and ltbraries

EDITORIAL CORRESPONDENCE
All ding 1pts and editorial mauers should be addressed to the
Edutorsal Office, c/o Inger Danielsen, Secretary, Johnstrups Allé 6, DK-1923 Copenhagen V.
Denmark

SUBSCRIPTION

At present one annual volume of Sectton A one of Secion B and one of Section C (each secuon
consisting of 6 1ssues appearing bimonthly) will contain a total of approximately 1300 pages During the
past few years four free have been 1ssued annually These supplements will

be delivered separately to the subscribers by surface mail at no extra charge The subscription price 5
(20220 £9045 DM 35118

Sect A B and C D kr 980 - plus postage D kr 84 -

Sect A D kr $80 — plus postage D kr 28— ($ 11555 £ 51 70 DM 200 70)

= R TR U R
D - ta) kr 28~ 4

o ey D o Dt 7790 DM 302 30)

Sect C
Sect A and C (combined}  Dkr 860 — plus postage Dkr 56 -(5 17410 £
Sect B and C (combined) Dkr 860 - plus postage D kr 56 —(§ 17410 £ 7790 DM 302 30}

Back numbers (whole volumes or single copies) are available
NB All prices are subject to exchange rate fluctuation

© 1980 by Acta et h All nghts reserved

R A m ar;y form d without written permisston of the Editor 15 prohibted
Second class postage paid at Jamaca NY Aurfreight and mailtng in the US by Publications
Expediung Inc  Elmont N'Y 11003 Printed in Denmark




Aasjord Per
daspord Per
dasted Bent
Aho Ruta
Andersen Byorg Mant
Andersen Hans Kerzel
Andersen Paul
Ase S
Berdal Bjorn Peter
Berdal Born Peter
Birch Andersen A
Birch Andersen A
Brorson John Enk
Burova Lanssa 4
Christensen Poul
Christensen Pout
Damelsson Dan
Darelsson Dan
Danielsson Dan
Damelsson Dan
Degre Mukios
Degré Miklos
Egeset Gun
Ehasson Ingrar
Elasson Ingrar
Spersen
Espersen ¥
Fand pdet F
Ferencz 4
Ferquson p 4 p
Fequon D ) p
Gipgeet Hans
Goransson B
Granfors haisa
Gronrgos Paut
Grov Arne
Grov Arne
Grov Arne
Gruby R
Gutschik Erno
Haahem Lars R
Hackeim Lars R
Haakherm Lars R
Haukenes Gunnar
Qelgstrand £
Yeron |

INDEX

VOL 88 B FASC 1-6 1980

Hertz Jesper B
Hertz Jesper B
Hertz Jesper B
Hertz Jesper B
Hoiby E Arne
Hoiby Niels
Howby Neels
Hmby Niels
Haby Niels
Hoiby Niels
Hofstad Tor
Hovelius Brrgitta
Hutchison W M
Hutchison W M
hversen Ole-Jan
Janrzen Erth
Jarmund T
Jensen Klaus
Jensen Klaus
Jorgensen N H Feilberg
Jonsson Anders
Kamme Carl
Kapperud Georg
Kapperud Georg
Kapperud Georg
Kapperud Georg
Kiellander Jan
Klemm P
“Kosunen Timo U
Larsen Jens L
Leerhoy J
Lilichoy E B
Madrdh Per Anders
Mardh Per Anders
Mdrdh Per-Anders
Mardh Per Anders
Makt Markku
Maland Johan A
Mansa Bendt
Mansa Bend:
Melby Kyeut
Melsen Flemming
Mudnedr Tore
Miller £
Moller Birger R
Moller Birger R



Published by the
Scandinavian Societies for Microbiology and Pathology

©
Acta Pathologica
et Microbtologica
Scandinavica
1980
All rights reserved

Reproduction i any form
mcluding microfilm  without written permission
of the Editor 15 prohibited

Distributed by Munksgaard
International Booksellers and Pubhishers Lid
35 Norre Sogade Dk 1370 Copenhagen b Denmark



Baciena quanufication operation wounds pigs "
Bactenoidal test srepococct M oprotesn humia
1gG Fc any human Jg G markess
Bactenophage yping  Pseudomonas derugiiosa
epidemiological markers sero grovpag cyske
fibross cross tafecuon us
Bacermra unnary wact infecuon pyuna unne

sediment M
Beta lactamase Haemophilus influen e ©otvpes 261
Biotypes Maermophilus influen g beta Jacsmase pi3)
Glood culrure med 2 Mewssersa men ngur dis n
Brankamelia catarrhakis aougens serological wden

uficaunn Protein A 281t
Campylobacrer antigens Camplobactef serclory

coazfivtitagon 1mmuntelecophateus 207
Cartiers tiealthy Yersin a enterncolit ca bumans 303

Chiamidia wrachomans Crohns distase satum

anubodies  lymphogranuloma  venereum
TRIC 51
Chiamyd a trachomars salpingitis  kxpenimental
1nfechon i
Chioramphericol fesistance antibiouc sensitivity
Haemoph tus mfluen ae 193
Curings  ochratoxmn A Aspergrilus  Pen cill um
Yariey 133
Aessera (%

ton immuncelectrophorests serology
Classfcaton Aesser @ gonorrhoese oo-agglulina
uon serology 27
Clostrifism  perjr ngens  emerowtn  membrane
teakage

Co aggiubination Campylobacter serology 1mmu
noctecrophorests Campy lobacter anugens 207
Co agglutnation  Netsserta gonorrhocae  tmoiu
notlecurophoresss serology 3%
Co aggluunation fersser a ganorrhowae IMMUNG
logy

Dusrrhoss gastroentenius  Yerama emerocoliiea

DNA polymerase hepautss B trsodivm phospho-
noformate (PFA)

DWA polymerase whibitor hepavus B phospho-
noformc aad (PFAY Wwoodchuck hepatinss

sras

DNA small mievunal mucus

Electro immuno  assay  streptococtt  Lancefield
exeact M protein quanutauon

Electron Muctoscopy  anubodies  staphylococeal
uporeichore acid ymmunapecoxidase

Electron, muctoscopy  staphylococeal Jipoteichore
233 ymTLnopetoxdase

ELISA cytomegalovirus complernent fixanon

ELISA rubella rouune duzgnosis Hl

EUISA Yerunia enterocolitica diatrhiocs gastroen
wnus

Endotoxm free Meissena menngiid 3 anubsouts

Enterobactersacea Salmonella 1yphi ctossed immu
TioeleCrophotesis £Toss reacuon

Closindum

leakage

Enterotoxin Yersitia emerocohiocs

Enterotoxin Yersinia enterocohit ca

Enzyme seaswnity  Psewdomonds  gerugiansa
Coptmon Anugen fofeculas weight sedy
teptation analysts ammo and analyss

Epidemok markers Pseudt
Sero groupmy  batithophage typwng  Rysuc
fibrosis cross infection

Fscherichia coli enteropathogenic antblouc seas)
avity mecillinam tnmethoprim sulfamethox

azole
Escherichia colt phagocytosis anubiotes human
polymorphonuclear cells

serof

Co-agglounauon Aeisseria gonorrhoeae serology
classificavon

Common Antigen Preudomonas acruginosa 15088
tion Na;S0u precipianon get filtraton cross
ed immunoclecrophoresss

Common Anter Pseudomonds aerug nosa piole
culae weght sedymentation Analysis amuno
anid aralysss enryme sens uvity 253

. o9
. serum
drubodies  iymphogranuloma  venereum
TRIC
Crosswnlecton  Pseudamonas aeruginasa epide
miofogical markers sero Erouping  bacierio.
Phage yping Cysus brosis

herichta cole plasmd coded fimbmae, human
peripherat lymphocytes adherence
Eschercha cofi teswlance types transfes of smpy
aiflin resisance
Expenimental endocardiys rabbits Serrgtio marce
scens proteolytic capacity serum bacterial
acuvity indw efling Catheter
Fary acd composiion bacter:a gas chromate
£raphy avonomy
Sutty il vortposiuon Fusdbacterium “ipopoly
saccharide sugar composition
Fusobacterium lipopolysacchynde sugar compast
van faty acrd compostyon
Gas chromatography fatty acd composion bacte
12 Lronomy
stuo:msc;mg dutthoea Yersinug enterocobnica

125
Cysu: ;t:\u:u I”;:l:omnnnx aeruginosa epidetuo Get filwztion  Common Agugen  Psewdnntnnas
et by e
; . i | Gm markers steptococns Ag prowemn bactencidal
61 st buman (3G Fe 20 buman Ig
sotons. Haemagglutination 1ndirect Dassve haemaggluin
Dugnosuc med s matgloummon
um fungal desmaorhytes fungat Haemagglutnanon ymhutation subella routus
I nosss ELISK ondag

169

83

139
1

213
95
(3]

287

183



Moller Susanpe 269 Sandsen Per

Mogensen H H 237 Sormv Jsrae]

Norbery Astrid 277 Schalen Clas

Norberg Bo 2717 Schalén Clgs

Nordenfelt £ 169 Schalen Clacs

Nordenfelt £ 183 Scluld G C

Norwood Robert § 269 Sihom K

Nystrom Per Olof N Sdom &

Oberg B 169 Sum J Chr

COeding fer 120 Sum 3 Chr

Orshov F 34T Shaug Nis

Orshov 1 347 Skpdhvale R

Olting Sante 269 Sugaard Fer

Omiand Tov 65 Solberg Oito

Omland Tov 89 Soliesz Laszio V

Osland Ane 121 Sompolsks David

Pedersen Vibeke Barkiolt 253 Sompolnshy David

Ramstorp Goran 299 Swensson Mg-Lis

Rasmussen Ernst 69  Siensson May Lis

Roe Sissel F 329 Thoren Anders

Rolla G 61 Tolleshaug H

Rollag Jr Hahor 177 Ursing Bo

Roserndal Kirsten 125 begarud G

Samra Zemira 143 beprorp M

Samra Zemira 253 Vesthan Timo

Samyelsson Gunlla 199 Hermer Backara

Sandgren £ia 57 Zackrisson Gunilla

Sandstrom Eric 17

Sandstrom Eric 27 A See Ae XL SecAe O See O

Sandstrom Eree 39 Q@ Sec Qe A See Az

Alentian disease virus plasmocytosis, pano vimdae 323 trachomans  lyMphogranuloma  vengreum

Amuno acd analysis  Pscudomonas acruginosa TRIC
Common Antigen molecular weight sedi Anubodies staphylocoteal itpoteichoic actd immu
mantation analysis enryme sensitivity 253 nopurosidase eleClron micrdscopy

Ampicillin resstance transfer of resistance 1ypes Anubodies strawn speific nfluenza haemagplivtt
Eschericina colt 17 DIN €ross reacuve antihodies antigeni vars

Antibiotic senstuvity  enteropathogenx. £ colt ants
meaillinam trimethoprim sulfamethoxazole 265 Anubodies stram speuiic influenza haemaggioh

Anublotic  senstuvity  Haemoph lus  influen e mn cross resctive anubodies  biological ach
chloramphenicol rewistance 193 vity

Antiblotie seasitvity testing ¥ brio alginolyticus in Antibody monock nai Influenza anhgeni. muwtang
viiro 307 human sera

Newsscria e dis free end 231 Anugenic mutant mnfluenza monoctonal anybody
phag human poly human sera

lear cells E colt 103 Antigenic  ‘ariants  Influenza  haemaglutinm

Anubodies cross reactive influenza haemaggiuu suramn speafic anubodies cross reactive ant
mn stram spectfic anibodies anugenic van bodes -
ants 34 Antigens  Brantamella  cargrrhabs  serological

Antibodies cross reacuve 1nfluenza il fi protin A :
nin strain spectfic antibodies  biological actt Anu fuman Ig sireplocoee M proteen bacrertet
vy 33§ dal test human IgG Fe Gm markers

Antibodies p t crossed 1ro Aspergalius  Fenmcilhum  ochratoxin A cutrinin
phoresis Salmonella pht sero diagnosis ty barley
photd 237  Bacter:a faty acd composmon gas chromato

Antibodies  serum  Crohns disease  Chlanvdia graphy taxonomy

Y3

V4



Bactena quantificauon Operation wounds ‘x:ngs n D\mézeé\gmmmcnus Yersima enterocoliica
tococey N protewr human
ml‘:(‘-d?t lfx:ﬁ ;{:an g Gm x:arktrs 199 DNA p?!yne:s& F!\gauus B tnsodim phospho
ng  Pseudomonas Qerugisoss noformal
Bant;m:\x‘:ng] f,,,,km Sero grOUPIME CySUC DNA palymerase mhsbitor hepatius B phaspho
fibrovis cross infection 15 noformic acad (PFA) woodchuck hepatus
Batteniria uhinany act wfecuon pyutia unne s
sedument 277 DNA small jotesynal mucus
Beid taviamase Haemophfins vifues se tionpes 260 Electro smumuna assay  streptocoea Lancefield
Biotypes Haemophilus influen ge beta laclamase Wy esract A protemn Auarulauon
Blood culture media Newsseria meaingiidis 341 Eletwon CIosopy  anbedies, staphylococcl
Brankamelia cotarrhat s anugens serotogscal den Tipoterchore acid tmmunoperoxdase
tficaton protein A 281 Electron hyk 1
Campyfobacter antigens Campylobacter serology aad mmunoperoxidase
co-2gglutnayon immunoelectrophoress 201 -
Cateers Realthy Yeruma cnterocgliica bumans 303
Chlamydia srachomats Crobns disease  serum .
anubodws  fymphogranuioma  venereum ents
TRIC 57T Endotenn {ree Aerssersa meningsfidis anubiouics
Chlamsd @ trach salpingis Er Dphi crossed wmms
infesuion 10?7 noelectrophoresss cross reaction
Chiovamphenscol tesisance  anubtonc sensiis iy Coostridum
Haemophules nfluer ae 193 leakage
Crnin, ochratonin A Aspergillus t Yersua i
Barley 133 Enterotoxtn Yersiia enterocolusca
Classificaton Reisserta gonorrhocar 0o aggtuuna Enzyme sensuvily Pseudomonas  aeruginosa
on immunosteconhorests, s2nalogy u Common Antgen molocular werght, sedy
Classificauon Aersserig goncrrhoeae Co aggluaina mentayon analysis amino acd analysis
. bon serplogy 27 markers Pseudi
Tosindium  perfringens  emerooun  membrane sero grouping  bacteriophage typing  Cystc
. leakage 93 fibrosis cross mfection
vo-agglyunauen Campylobacter Serofog) wmmu Eschernchia coh enteropathogeme antibious senss
_ moslectrophoresis Campylobacter 2nuigens 207 uvity mecilinam nimethoprim sulfamethox
<o iggluumanen  Nenseria gonoTrhoeze mmu e
nosfectrophoresis serology 3¢ Escherciua coft phagocytosss anubiotics human
Co aggluunation Mersserta ganorrhoeqe mmuno potymorphonuctear ctils
Co seglutimman o serology i 1 he colt plasmi@ coded fimbrize human
(Hutauon sissersa gonorrh rege SErology ok ,lpe'(n]phgyz,] \ymphocytes zdhg,ﬂw; .
scherchia cols resistan
Comm\m‘r\mztm Peudomonas oervginesa 1sola cllin resistance o6 pS transler of iy
Experimental endocardius rabbits Serrglia marce
. - 143 scens  proteolytic capacity serum bactertal
) K acuvity ndwelling catheter
2
Com.‘;m 4ANAlySIS enzyme sensiUvity 253 “yg::;zycn‘:zs\ﬂ::;n bactena gas chromato
Cov: ig‘: ‘silzeam;:hgy omainnus TLISA ) Fany acdd composion Fusebacterium lipopoly
Crohns & Ppathogenic muicroorganisms. 69 sacchanide sugar composiuon
sease Chlamdia yrachomans  serum B
'r";;’gdlts iymphopranuloms  veserenm "R '
Cross wiecuss Pseudomonas aerugimosa  epids N : ' '
muological markers ser grouping bacteno- G ' : Rosomy
Cysu?r‘:g wpng cysue idrosis 125 “";l;;:us diarthoea Yeruma enterocolitica
ibrosis Pseudomana:
al markery. sers ;l:;:i‘s’m;:n?r‘l:;:;:e Gel fifrawon Comtmon Atigen  Pseudumonss
DR e e 175 aeruginosa 1solauon  NasSQ4 precipiation
Crossed smunotlectrophoresss
LEE . sl( Gm '\";:kgu‘mm&ﬁ?.;f, gmm bacterserdal
- v
. Ty s lungal diagnostic mediam  funga) » Haemaggfuungon mdirect DN:?:';:ZE gl
385050 Mednum 1y auon rubella
oo | Tungal dermatophyies fungal 5 Haemagalutnaton mhiruon rubella routine diag
noss ELISA

89
183
ki)
29
5
47

)
349

we
231

243
98

287



Haemaggluunation passive indirect haemagglutin
atton rubella 85
Haemaggluunin influenza  strain specific anubo
dies cross reactive antibodies antigenic var
ants 34

siton fatty acid composiuon
Lymphocytes human peripheral £ colr plasmid
coded fimbrsae adherence
Lymphogranuloma venereum Crohns disease
Chlamydia trachomans serum  anubodies

Haemaggluynin  nfluenza  stramn spec:ﬁc anubo TRIC

dies cross reactive bod| act M. g Isospora felts macrogametogenesis
. V"’f N 335 ultrastructure <at :

sensitivity Mag Isospora fehis
chloramphemm( resistance ulirastructore tat !
biotypes beta 261 Macrophages alveolar 1nterferon phagocytoss

Hela cells Yersima enterocolirca mvasiveness 293 Senday virus 1
Hepauus B DNA polymerase inhibitor phospho Mealtinam  enteropathogemic £ coft  trimetho

noformic acid (PFA) woodchuck hepatus prim sulfamethoxazole anubrotic sensiy

virus 183 Membrane antigens Aeissernia gonorrhocae pemio
Hepattis B DNA polymerase tisodium phospho date resistance i

noformate {PFA) 169 M leakage Clostridium per

fog: Branh 7 halr JSringens

anugens protemn A 281 Mwcrogametogenesss [sospora fels ultrastructure
1gG Fc human streptococct M protein bactericrd microgamont cat

al test ant human Iz Gm markers 199 Microgamont /sospora felis ultrasiructure micfo

Immunochemistry  Staphs lococcus wimulans  ter
choc acid 121
Immunoelectrophoresis  Camp)lobacter serology

gametogenesis cat 1

M protetn streptococst  bactericidal test human
IgG Fc ant human Ig Gm markers 1

co agglutination Campylobacter antigens 207 M protemm streptococer Lancefield extract quant
Immunoelectrophoresis  crossed Common Anu tation electro immuno assay
gen  Pseudomonas geruginosa  1solation N\a2S04 precipitation Common Antigen FPscudo
Na3S504 precipitanion gl filtration 143 monas aeruginosa solaton  gel filtration
Immunoelectrophoresis  crossed  ¢ross reaction crossed immunoelectrophoresis
Salmonetla npht Entcrobacteriacia 243 Aesseria gomorrhocae co agglutination rmmuno
I crossed anti electrophoresis serology
bodies Salmam‘l[n nph sero-diagnosts ty Imxsma gonorrhocae co aggluunation 1mmuno
phoid 237 es1s Serology ¢
¢ Messseria hocae co Mewsserta gonorrhocae co agglutmanon  serology
agglulmauon serology 39 classificanon
1 pl Meisseria g hh co Neisseria gonorrhoeae membrane antigens perio
I serology 17 date resistance 3
Immunoperoxidase antibodies staphylococeal lipo Meisseria menmgmd:x blood culture media 3
terchoic actd electron mlcmscopy 53 Aessena free end n
oxidase phyk A cunmn  Aspergilius  Pouedlm
actd electron microscopy 47 barley
I mutant anubody Operation wounds bacteria quanufication pigs 1
human sera 351  Osteosarcoma murnine sarcoma inferferon ussue
Influenza haemaggluunmin  strain specific antibo culture 2
dies cross reactive antihodies antigenic van Parvo vinidae ateutian disease virus plasmocytosis 32
ants 341 Pemcthum  Aspergiifus ochratoun A cunnin
Influcnza haemagglutimin  strain specific antibo barley
dies cross reactive antthodies biological actt Pertodate reststance membrane anugens Acisseria
vity 335 gonorrhocae 3
Interferon murine Sarcoma osteosarcoma  tissue I human poly .
cutture 219 lear cells £ colt 100
Interferon phagocytosts Sendai virus  alveolar - Phagoc)msxsh nterferon  Sendar virus  ahveolar -
ophages 1 macrophages
Invas:‘:::.ss y%mma enterocoliica Hela cells 293 Phosphonoformic aad (PFA) hepautis B DNA
inhibitor dchuck  hepauts
Is spora fehs 161 ;m‘;s .
ure cat -
lga;p:::aé-llf:“ultrﬂsuucture miLrogametogenests Plasmid coded fimbriae £ coft human peripheral
51 fymphocytes adherence

microgamont cat
Lancefield extract streptococer M protein quantt

tation electro Immuno assay
Lipopolysaccharide Fusobacterium sugar compo

VI

Plasmocytosts aleutian disease vitus parvo virrdae 323
Polymorphonuclear cells human phagocytosts

antibiotics £ colt 103



yemyna resistance Profeus Providencla Serra
fa teiracycline resisianoe. trehatose fermena

o0
new A Branhamella catarrhalis antigens sero
Togeal wentficavon
steus Providencia Serratg polymyxin resist
ance tetracychine resistance trehalose fermen

tuon

ovidenca Proteus Serratig polymymnt resist
ance sewacychne reswlange (rebalose fermen
utan

eudomonas aerugnosa Common Anugen 1sola
uon NazSQq precipitation  gel  filtration
crossed imunoelectrophoresis

seudomonas aerugiiosa Common Antigen mole

cufar weight, sedimentaton analysis amino
2

acid snalysis enzyme Senstuvity

seudomonas aeruginosa epideriological markers
sero grouping  bacteriophage typing  cysué
fibrosts cross mnfection

sa
prophyticus griver monkeys

'yuria uriary tract infection bacteruna uring
sedament

i

Resistance types Eschenchia colt tansler of
ampiciilin resistance

wbeliz  mndirect  haemaggluunation
haemagglutinauon

Rubella rouune diagnosis ELISA HI

Safe cover slips pathogenic miCTOOTgamIsims

.

passive

phord

Salpingius  Chlamyd a trachomans expenimental
nfecuon

Sarcoma runine interferon osteosarcoma fissue
culture

Sedimentayon analysis Pseudomonas aefugmose
Common Aptigen molecular weight amuno
acid analysis enzyme sensitivaty

Selecine mediwm  Yersima entérocolica sodium
oxala stools diagnosis

Senda virss mterleron  phagocytosts  alveolar
macrophages

Sera-dugngsis Safmonetfa nph crossed iImmung-
elactrophoresis precipitaung anubodies ty
phot

Sero-groupng Pseudomonas acrugios epidemig-
:_w:\m markers bacteriophage typing cystc

whuta marcescens  experimental endocard s

rabb &5 protestytic capacity serum bactenygl
Y indwelhing catheter

Serratia Froteus Provudercid polymynn restst
Lm racycline resjstance trehalose feemen

tion
Serratia wrracycline sensioviry

185

185

125
225

m

8
349

69
243

237

219

253

177
27

125

m
269

185
189

Small intestinal mucus DNA
Staphylococeal Lpoteichme 40 anubodies Immu
noperoxidase electron MUCTOSCOPY
] aad

dase electron microscoPy

Staphy s
nephrius grivet monkeys

Staphylococcus simudans  (FIChoIC acad ipmuno-
chermstry’

Stools Yersima enterocohnca selecuve medim
sodium oxalate duagnosts

Streptococct Lancefield extract M proten quant
taon electro-immung 2552y

Streptococt M protein bacteriadal test human
1gG Fe anti human Ig Gm markers

Sucrose subsutites xylitol dental caries

Sugar F P h:
nje sy and compostuon

Taxonomy bacteria fatty acid composiuon £as
chromatography

Techowe acsd Staphylococews simufans, ymmuno-
chermistry.

Tetracychne resistance Proseus Providencia Serra
fra polymyxn resistanee trehalose fermenta

pytto-

vop
Tetracycline sensiuvity Serrar @
Tissue culture murine sarcoma  osteosarcoma
neerferon
Trehalose fermentation Proteus Providencla Ser
palymyxin  resistance  tetracycline

TRIC Crohns disease Chlamydia trackomats
serum anubodies  Jymphogranuloma vene
e

1 1
£ wh meclinam anybione semsiuvity

Trsodwent phosphonoformate (PFA) hepauus B
DNA polymerase

Typhod Salmonella fpht crossed immunoelec
trophacesis  precpuating  anubodies  Sevo-
dragnosis

Isospora fehs
macrogamete cat
Bsaspora felis
microgamont cat

Unnary tracy mfection,
sedumieng

Urne sediment, unnary tract 1nfecuon bactersuria

BaTATNTA PRUE WIWR

pyut
Vibno algmolyticus anubroue SEnSIVItY (eSUng n
e

1ro
Woodchuck hepatus virus hepauts B DVA

polymerase yotbnor  phosphonoformsc and
(PFAY

Xyl sucrose substtutes dental caries

Yersinia enterocoitica ELISA durmioea gastsoen
terms

Yersinia enterpcontica enweratoxin
Voo o

347

185
189



Yerstma enterocolitica  selecuve medium, sodium Zoonosss, fungal, fungal diagnostic mediem, der
oxalate, stools, diagnosis 11 matophytes ki

SUPPLEMENTS

Supplement 272 Linell Folke, Ljungberg Oito and Andersson Ingvar Breast Carcrnoma Aspects of el
stages, progression and related problems Pp 233 1980 (Secton A)

Supplement 273 Nielsen Henrik Cirewlating Immune Complexes Properties, Methods for Detection asf
Disease Models Pp 56 1980 {Section C)

an



«cta path mucrobiol scand Sect B 88 1- 9 1930

ENZYME LINKED IMMUNOSORBENT ASSAY (ELISA)
FOR DETERMINATION OF 1gG ANTIBODIES
TO HUMAN CYTOMEGALOVIRUS

ISRAEL SAROV! PAUL ANDERSEN? and HANS KERZEL ANDERSEN?

Gurion University of The

Virology Unit Faculty of Health Sciences and Soroka Medical Centre Ben

‘\l:;ﬂ’k:u Sheva znel'anﬂ Tnsuwte of Medical Microbology Unmversity of Aatbus  Aathus
Denmark2

Sarov 1 Andersen P & Kerzel Andersen M Erzyme hoked jmmuncsosbent assay (ELISA) for
determnation of 1gG antibodies fo human cytomegalovirus  Acta path mucrobiol scand Sect B 83
1~ 9 1980

A solid phase enzyme finked tmmunosorbent assay (ELISA) for determupauon of G antibadies to
cytomegalovirus {CMV) 1s described The assay uses punified CMV and extracts of CMV ifected cells
as antigen Antgens were desiccated onto the bortor surface of polystyrene microcuvettes The
antbodies bound 10 the anugens were assayed by ant IgG alkeline phasphate conjugate followed by
addition of the enzyme substrate Tiration curves have been obtained from the sera of 35 blaod donors
ard AT A - am T A with those obtained by complernent
oth punified CMV and extracts of CMV/
was of value particularly 1n those sesa
Wwhitn Show Nigh reactvity agamst control anugen The ELISA technique described 15 2pproumately
412 1o 548 tmes more sensitive than the CF test when punfied CMV or extracts of CMV infected
<ells respectively 2fe used 25 antpers ™o sigmficamt heterotypic nise to CMV was observed by
ELISA in three sets of sera with seroconversion to herpes sumplex virus The ELISA techmique gives
objecuve results 1S easly performed and may be adaptable as a tostne test botr for serological
dagnosis of CMV 1nfection and for screening of the general population

Key words CMV ELISA CF

1 Barov Virology Unn Facuhty of Health Scrences and Soroka Medical Centre Ben Gurion Unversity of
The hegev Beer Sheva Doract

Receved 6v1 79 Accepted 20 viu 79
Human cytomegatovirus tCMV) 15 a magor viral
cause of birth defects which 1nclude raental

The accurate diagnosis of CMV fection 1s of
major concern to medicine Currently, the methods

rewardation  blindness and deafniess (26) In the
rormal human populanon CMV infesuons are
generally subclinical and the virus remams in a
iatent potentially nfectious form CMV tnfeet an

v

oo WUl LMY may

constitute 2 serious problem for immunosuppressed

tdnviduals such as reciprents of organ transplants
.:ni cancer patents (20)

used most frequently are based on vieus isolation
and detection of antibodies to CMV by the
complement fixation (CF) test the ndirect hae
magglutnation assay (IHA) {13) or the mdwect
fluorescent antibodies assay (IFA) (8) Recently, an
mdirect sobid phase rahoimmunoassay (RIA) has
been developed for measurement of anubodies to
CMV (17) The sensitivity of the RIA accounts for
18 widespread geowih as an assay ftechmque
However this technique possesses certain disadvan
lages viz. the short seif Lfe of reagents and the
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potential health hazard of the radiaion A promus
g alternative to RIA appears to be the enzyme
hinked mmunosorbent assay (ELISA) developed
recently by a number of ivesyigators (2, 9-11 27)
Recent studies have shown that this method 1s
suitable for antibody assay 1n diagnostic microbio
logy (3,5 6 15 16 18 23)

In prelumnary studies Volfer & Bidnell (27) and
Castellano et al (7) have deseribed a micro ELISA
method for CMV IgG antibodies using commercral
CMYV antigens and extracts of CMV infected cells
Sehntuez er af (25] developed ELISA for determina
tion of CMV 1gM anubodies by applying nucle: of
CMV infected cells as antigen The present study
reports the development of ELISA for detecting
CMYV 1gG antibodies using both purified CMV and
extracts of CMV infected human embryonic fibro
blasts (HEL) as antigens We have compared the
sensitivity of this CMV 185G ELISA with that of the
complement fixation test (CF)

MATERIALS AND METHODS

Sera Eighty one sera were examined including 10 from
5 patients with CMV infecion 6 from 3 patients with
herpes simplex virus (HSV) stomauts and 30 from
patients with other viral diseases as well as 35 healthy
blood donors All sera werse nactivated at 56 °C for 30
min and stored at —20 °C until use

Viral anugens Highly purified CMV stram AD 169
was obtamned from the supernatant fluids of nfected
HEL cells by successive zone and gensity centnfugation
as deseribed by Sarov & Abady (24) The mfectivity of
the viral preparations was determyned by the method of
Plummer & Benyesh Melmck (22) A virus suspension of
1 OD 260nm gave 107-108 PFU/m) The viral bands
were dialysed overmight against phosphate buffered
saline (PBS) pH 7 2 and adjusted 1o 20 g of protein per
ml as determined by Lowry ef al {19) The purified viral
antigens were divided into small aliquots and stored at -
70 °C Controf antigen to the purified virus was obtained
by processing supernatant flud from fibroplasts of the
same [ine 1n the same way as that used to obtamn purified
CMVY

CMYV HEL antigen was produced by infecting cells 1n
Roux bottles with 1 PFU/cell of CMV strain AD 169
After 9-12 days the infected cells were washed with {0
ml of PBS frozen and thawed 3 times 1n 3 ml of coating
buffer pH 96 (27) Cell debrs was removed by

with phosphate buffered salive pH 74 cona
005% Tween 20 (PBST) 0 1 m! of four for fivel
serum difutions i PBS T was added and the samph
duplicate were incubated for 3 hours at room temy
ture under continuous shaking ina»Matius shaker
cuvettes were washed 3 times with PBS T and 0 11
conjugated swine antibodies against human 1gG (OR
Diagnostica — Finland) was added and incut
overmght with shaking at room temperature
conjugate was used at diution 1 4001 PBS T The
day the cuvettes were washed 3 tumes with PBST
0 1 ml of p mitrophenyl phosphate substrate (Sigma}
concentraion of | mg/mi in {0% diethanofan
buffer pH 9 8 was added The cuvettes were inch
at room temperature for 1 hour and the reaction’
stopped by adding 0 5 ml of 0 3 N NaOH Absorbatc
399nm was measured 1 an LKB 7400 calouls
absorptiometer Within a hnear absorbance rangt
apparatus was adjusted to express the absorban
values between 0 and 99 Cuvettes contaning distt
water were used as reference blanks Known posiuve:
negative sera were tncluded 1n each experiment 2%
as 6 cuvettes containing only serum difuent mnstead of
serum An average background adsorption level
determined and this value was substracted from ¢
sample before plottng the curves

Other serological methods The complement fixat
test (CF) was performed as described previously (1)

RESULTS

Determunanon of Serum Titre

Fig | demonstrates the titration curves of knot
CMV positive sera tested on purified virus (F
1A) extracts of CMV HEL (Fig {B) and cont
antigens (dotted limes) For the punfied virus®
have chosen the intersection of the utration €&t
using viral antigen with the background fine ast
titre of the serum The background hne markst
absorbance value at 399nm(A 199) obtamed witht
serum diluent on viral antigen instead of sen
(average of 6 determinations) When the standd
CMV positive serum was titrated 1 five esp
ments using two different batches of punified vin
the maximum difference m titre was mn the two-fc
range

‘When extracts of CMV HEL (Fig 1B) were s
as antigen we took the intersection between t
utration curve obtained with viral antigen and ¢

centrifugation at 300 g for 10 min The was
divided 1nto small aliquots and stored at ~70 °C Control
antigen was prepared 1n the same way from non nfected
cells and stored at =76 °C

ELISA The procedure 15 2 modificaion of that
described previously by Voller & Bid elt (27 Twenty
five microlitre drops of the various antigens were air
dried overmight at room (emperature in polystyrene
cuvettes (LKB) The dried antigens were washed 3 tmes

2

cor curve obtaned with control HE
antigen as the viral titre

‘While most of the sera react only slightly wi
control HEL antigen (at most the two first dilutio!
of test sera) we found a false negative result 1n
transpiant patient 1n whose serum high non specil
reactivity with control HEL anugen was detect:
(Fig 2 A) This serum has a titre of 16 by CF ar



TABLE 2 CMV Antibody Tutre of Pawed Sera of Parients with Seroconversion fo Herpes Sumplex Viruses

TVY ELISA
Age Date SV ttre? e e
e {years} punfied CMV ~ CMV HEL ag
17-5-76 3 <100 <100
v ! 9‘2—“ 32 <100 <100
- 21-5-16 4 <100 <100
i ¢ 9-6-76 o4 <i00 <100
5 10-5-76 4 <100 <100
M 31-5-76 32 <100 <100
2) Derermuned by complement fixation test (t)
protemn per m] of CMV HEL antigen resulted in w0 Specificity of the Assay

significant change 1n the sensitvity  With lower
antigen concentration (10—~50 g protemn per mi) the
assay sensitivity was decreased and partscularly the
discnmination between posstive and negative sera
(data not shown) A concentration of 200 pg protein
per ml was chosen for use m further expertments
+ The heghest sensivity with punified CMV antigen
was obtated with the hughest concentrauon of
CMV antigen tested 20 pg protem per mb) At
lower antigen concentration {5 and 1 25 pa/ml) the
assay senstivity was markedly decreased

To exclude the possibility of heierologous eross
reactivity between antigens of CMV and herpes
simplex virus we used both purfied and CMV
HEL antigens to test the titres of three paired sera
which showed seroconversion to herpes simplex
type I Table 2 shows that when there 15 a speaific
Tue 1 complement fixtng (CF) antbodies aganst
herpes simplex virus no corresponding rise was
found by ELISA against erther purnified CMV or
extracts of CMV HEL anugens

TABLE 3 Comparison of CF and ELISA Titres of Patients wuh Acute CMV Iafectigns

Antibody titres Absorbance (399 nm)
Tune from ELISA ot 1 250

Sers Cimal  Age  fistserum  CF punfid  CMVHEL punfied  CMV HEL
Mo dugross  freas)  (dayn) ey As OV g
3 Raao ] % 1250 B0 20 07
WS e 5 % 6 30685 12500 39 [t}
046 Renal [ 65 530 130 09 o

N0 wanglans 46 85 B 2000 s250 26 20

86 Remat 0 8 135 1o

0 e 07
W09 wansplat 13 0 128 16250 25000 23 20
B Renat g 3
5625 4180 2
0 wnpam 4 3 W 2000 0w 2 2
001 Renat 13 i
50
3002 tansplns 1 0 n 250 5 o o




TABLE | Influence of Reacuion Time on CMV ELISA Ture Determination on Punfied CMV 4g

Reaction
time Absorbance values (399 nm)
(hours)
Serum
:‘hlu~ 50 250 1,250 6,250 31,250 156,250 Background CMiv
1001
2% 310 190 096 025 010 010 017 16x10
9 720 430 180 050 012 006 021 18x10
19 990 758 348 o7 ol 003 Q28 1oxt
30 990 930 440 {66 008 0606 037 1l
43 990 990 560 132 010 005 044 pyxiv

ABSORBANCE {399 nm}

ABSORBANCE {399 nm)
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Fig 3 Serum titration curves Show g effect of 130
concentration of purified CMV (A) and extracts of Y
HEL anugen (B) dried anto microcuyettes

A) Purified CMV antigen @ 20 pg/mt © 5 peith
1 25 pg/m) antigen concentration

B) Extracts of CMV HEL anigen (B) ® 500 12
O 200 pg/m) X 50 pg/m) .
Soltd hines, sera tested on CMV antigens

Dotted fines seta tested on control anugens

dilution 1/31250) there was no net incres!
A value with time, which shows tat ¥
endpomnt 15 mdeed reached We have performe
measurements stmilar to those described aboe ¢
36 sera which 1nclude CMV patients and
donors, and similar fesults were obtamed H®
ever, 1t should be noted that protongauion of &
reaction ume i not switable for discmim™
between low positive and negative sera, stnce 500
of the negattve sera with time showed 2 non-spesh
positive reaction Confirmation of the viral uﬂ"‘”I
prolonging the reaction could be pecformed #*
CMV UEL antigen also but mn that casé ¢
reaction ume should be protonged for ao mort .
24 hours on account of the high rise 1 backgfod
activity

Deternunanon of Opumal Antigen Concentraniont
The optimal concentration of various antig®?
was determined by utration of 6ne posttive and o
negatrve serum against known CMV HEL antigt
(Fig 3 B) and punfied CMV antigen (Fig J A
Uswing an antigen eonoemratmg\of 200 to 800 3



TABLE 2 CWV Anpbody Fure of Paired Sera af Patients with Seroconversion fo Herpes Simplex Viruses

WV ELISA
SV titrza? e e e i et
Dorors Age Date [
° {years) punified CMV  CMV HEL ag
17-5-76 4 <100 <ioh
o ! 9~6-1¢ 3 <100 <100
] 3 21~5-16 4 <100 <i%
” 9~6-T6 64 <100 <100
Sy H 10-5-76 4 <100 <00
g 31-5-T6 n <100 <101
~2) Determined by complement fixation test (1)
—~protemn per ml of CMV HEL antigen resulted in no  Specifichy of the Assay

sigruficrat change 1 the sensiuvity With lower
nbigen concentrauod (10-50 pg protein per mi) the
ssay sensitivity was decreased and particularly the
userinunation between positive and regative sera
data not shown) A concentration of 200 ug protem
%f ml was chosen for use in further experiments
[he tughest sensitsvaty with punfied CMV anmtsgen
¥as obtaned with the highest concentration of
MV anugen tested (20 pg proten per ml) At
Awer antigen concentration {5 and § 25 pg/mb the
1553y sensitivity was markedly decreased

To exclude the possibihity of heterofogous cross
reacuvity between aptigens of CMV and herpes
simplex virus we used both purified and CMV
HEL anugens to test the ttres of three paired sera
which showed seroconversion to herpes simplex
type | Table 2 shows that when there 1s a specific
nse 10 complement fining (CF) antbodies agawnst
herpes sumpiex virus no corresponding fise was
found by ELISA aganst ether purified CMV or
extracts of CMV HEL antigens

TABLE 3 Comparison of CF and ELISA Titrex of Panienss wuh Acute CMY [nfections

Time from

Auntibody hitres Absorbance {199 nim}

ELISA Dit 1250
Sers Chinical Age (st serum cr puntfied CMV HEL punfied CMV HEL
No diagnosis  {years) (days) Ccuy Agy oMy ag
f I; 73 Reuculo [ 16 12500 250 i a3
ES) sarcoma 57 8 2356 20685 12500 30 19
1345 Renn [ 64 9300
1800 09 %]
WY transplans 45 85 236 32000 6250 26 20
B Renat )
1 3N 17
3009 transprant 3 30 128 16 250 13 0&? g: g;
831 Renay 0
3 5624 424
WY wanspran 4 E 256 25000 30 (zwg ; } ; :
3003 Renaf
9
3001 wansptam n 13 3; 2?3 Zig g ; gg

DOMY HELag estracts of MY HEU cetls antsgen,

-
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Patienss with CMV Infecuons

The ELISA results obtamed for pured sera of
CMYV patients {Tabte 3) were compared with those
obtamned by ¢} Tig 4 illustrates ELISA results
obtamed for one serum pair from a CMV patent
with both punified and CMV HEL antigens With
both antigens a diignosuc utre sise could be
demonstrated (purified CMV antgen 5625 1o
25000 CMV HEL anugen 4250 to 30 000)

In both procedures four told or greater rises in
utre were obscrved for each of the serum pairs
(Table 3) The FLISA gave titres much higher than
thost obiained Wy CF Yox example for one CMV
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Fig 4 Diagnosis of CMV infectton paired sera ofg}
year old renal transplant patient showing a fise 1 [
tatre with purtfied CMV and extracts of CMV and HEL
a5 antigens

Solid lines open symbols first serum

Solid fines sohd symbots second serum taken 36 &%
later

Dotted lines negative sera '

patient, a tre of 80 685 was obtained by ELISA ¥
compared to 256 by CF It should be noted tharft
four of five of our CMV patients a dilference &
absorption at 399nm petween acute and conyalt
scent sera was found at a serum dilution of { 1
when the reaction was carried out for | hour (s
dard conditrons) Thtrty sera of 15 patients W

d diseases were d and none show
significance CMV titre differences between acuf
and convalescent sera by LLISA or by CF

Blood Donors
A sample of 35 sera of presumably healthy blood
donors was evaluated for CMV antibody tire !
FLISA and by CT' using both puniied and O\
HEL antigens
a) Negathe sera Eighteen out of these 35 it
were negative by the CF test {utre < 4) ALl
were pegatve by ELISA (ntre < 100) using CMY
HEL antigens These sera had control anuge?
curves either identical with or shghtly higher that
viral antigen curves Fourteen of the 18 wert
negative by ELISA using purified CMV antigen
However, 4 of the 18 showed a higher reactivity ¢
against punfied antigen than agamst control HEL oy
-

a
T g e m a4 AN E T RS



TABLE 4 Comparsson of CF and ELISA Tures of CMY

Posine Blood Donors
Sera No Anubody titres
CF ELISA
Punfied CMV CMV HEL Ag
5533 4 2100 6400
5513 8 2600 2000
5512 8 3300 10 000
$519 3 3600 6300
5525 8 5300 5000
3926 3 5500 10 000
5925 H 6400 10 000
s544 16 3300 10000
5666 16 5100 20 000
5712 16 3000 10000
5712 16 9700 6400
5517 16 10000 26 000
5536 16 15 000 4000
5515 N 5000 10000
5514 32 18 000 £400
S134 64 13 000 20 000
941 128 3000 10000
GuT? 154 £336 3419
3} Geometric mean uire (GMT)

antigen gaving uises of about 14400 To

DISCUSSION

nt study demonstrates the apphcabiiity of
E:e&r‘e‘sscA sysxeym a5 an additional serological tool
for of CMV IgG antibodies Under
our experimental conditions both punified and
CMV HEL antgens were sustable as antigens
(Table 3 Table 4) However a false negauve
reaction OF €rror In titre determnation may occur in
those sera which possess very high reacuvity agamst
conteol HEL antigen (Fig 2) Punified CMV antigen
could be of value partcularly in those sera which
contain high non speaific reactvity 2gainst control
HEL antigen (Fig 2B)

There 1s no generally accepted formula for
determnation of serum titre by ELISA We have
thosen the end pownt titre as the ttersection of the
utration curve with a background line (the Asso
value of the serum diluent instead of serum) 1n the
case of punfied CMV antigen and the intersection
of the ttration curve on viral anugen with the
corresponding curve on control antigen when crude
antigen extracts of CMV infected cells are used Jn
the RIA systems some investigators defined as a
cut-off pownt »background¢ +2 2D or + 3 (4
standard devaations Other establish a reference hine
of two times 2 background defined as the average of
12 replicates of viral antigens and 12 replicates of
control antrigen (17) and some determene titre 48 the
tast point at which there 15 no longes a ratio of at
least 2 | between counts bound to viral antigen and
counts bound to control antgen (12) Since we are

the poss bility that the low titse of about 1/400
obtatned above mn 4 of these sera represents a non
speaific reacuon of the sera 1o the punfied vinos
these sera were re-examuned by incuding a protein
supplement conststing of 1% baovine albumin n
PBS The supplemenmt was added 1o the antgen
treated cuvettes for / hour at room temperature
and subsequently washed ofT Two of these sefa
became completely negatve whereas 1a the other
%0 o change 1n Utre Was obtained

b} Posune sera OF the sample of 35 sera 17 were
found postuve by CF 1est All 17 were postuve both
when using purified CMV antigen and when using
MV HEL anugen Sera which showed low tires
of CF also showed low tires by ELISA with
runfied CMV antigen (Table 4) and vice versa
However the correlation between CF and Elisa was
wO complete and 15 fess clear when CMV HEL
¥0tigen 15 used in ELISA (Table 4) The average
geometnie mean titre (GMT) for the CMV positive
thood donors by CF 15 154 whereas by ELISA 2
GMT 6336 and 8419 was obtained using punfied
& €MV or CMY HEL antigen respectively

deteching antbodies by an Teaction we
could confirm our assumption by prolonging the
reastion ttme (Table 1) With tme there 1s a
gradual nise i Yhe absorvance of each serum
diution showing antibody activity but no rwse
beyond the end pomnt This experiment indicates that
we have a proper method for caleulating the ELISA

es

The ELISA system appears to be specific and no
Cross reacuvily with herpes stmplex virus was
observed (Table 2} However many more samples
of paired sera will have to be examined 1nt order ta
determine whether the method 1s completely specy
fic To examine further the spearfiaity of ELISA
Serum titrations were obtatned for paired sera of §
CMIV patients usmg punfied and CMV HEL
anugen (Table 3} The resulis of ELISA wranon
showed complete agreement with those obtained by
CF By both methods a sigmificant rise 1n titre was
obned for each serwm par The speaficuy of
ELISA test was analysed further on 35 presumably
healthy blood donors using both punfied and CMV
HEL antgens (Table 4) These results were then
compared with CF utres It was found that all the

7
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Pauents with CMV Infections

The ELISA results obtamned for paired sera of §
CMYV patents (Table 3) were compared with those
obtained by CF Fig 4 illustrates ELISA results
obtained for one serum pasr from a CMV patent
with both purified and CMV HEL antigens With
both antigens a diagnosuc titre rise could be
demonstrated (punfied CMV antigen 5625 to
25000 CMV HEL antigen 4250 1 30 000}

In both procedures four fold or greater rises 1n
ture were observed for each of the serum pairs
(Table 3) The ELISA gave tutres much hugher than
those obtatned by CF For example for one CMV

6

EXTRACTS 0|
HEL CELLS

ABSORBANCE (398pm)
L .

Mo fso tfzso tfuse teso it
SERUM DILUTION

Fig 4 Diagnosis of CMV imfection paired serap
year old renal transplant patient showing a rise i
utre wath punified CMV and extracts of CMV and
as antigens

Solid lines open symbols first serum

Solid lines solid symbols second serum taken 36
fater

Dotted lines negative sera

patient 2 titre of 80 685 was obtaned by ELIS
compared to 256 by CF It should be noted th:
four of five of our CMV patients a difTerenc
absorption 2t 399nm between acute and con'
scent sera was found at a serum dilution of |

when the reaction was carnied out for 1 hour {
dard condittons) Thirty sera of 15 patients *
unrelated diseases were examined and none sho
significance CMV titre differences between 2
and convalescent sera by ELISA or by CF

Blood Donors

A sample of 35 sera of presumably healthy b!
donors was evaluated for CMV antibody titre
ELISA and by CF using both punfied and C!
HEL anugens

a} Negative sera Eighteen out of these 35 ¢
were negative by the CF test {ture << 4} All
were negative by ELISA (titre < 100) using CY
HEL antigens These sera had control anty
curves erther 1dentical with or shightly tugher 1t
viral antigen curves Fourteen of the I8 w
negative by ELISA using purified CMV anug
However 4 of the 18 showed a fugher reacuv
agamnst punfied antigen than agamst controf H}
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17 sera which were positive by CF were also
positive by ELISA

The sensttivity of the ELISA method 1s, howe-
ver, up to 412 or 548 times the sensitivity obtained
by the CF test This determimations s based on the
assumption that a comparisin of geometric mean
utre (GMT) can give an approximation of relative
sensitivities of 2 techniques The GMT of the blood
CMV posttive donors 1s 15 4 by CF and 6336 and
8419 by ELISA when applying punfied and CMV
HEL antigens, respectsvely

A measure of the reliability of a test 1s 1ts ability
to discrimunate between positive and negative sera
With extracts of CMV HEL as antigen, alf the (8
sera which were negative by CF (<<4) were also
found negative by ELISA (<100) Thus, with
CMYV HEL antigen, the ELISA system discrimina-
tes between positive and negative sera With
punfied CMV antigen 2 out of these 18 sera were
found to be positive by ELISA (1/400) but negative
by CF (<<4) These latter two sera should thus be
considered to be etther false positive or as having 2
very low titre of CMYV anubodies (1/400) which
could be detected only by purified CMV antigen but
not when usitng CMV HEL antigen It should be
noted that for punfied CMV it 1s difficult to prepare
a real control antigen, and the control antigen
prepared from supernatant of umnfected HEL does
not contain any detectable protem {24)

Although 1t has been reported that CMV mfected
cells possess Fc receptors (12, 14) these were not
found by ELISA, since the negative sera have either
identical utration curves on wviral and control
antigen or 1 some cases higher control antigen
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AN EFFECTIVE, SELECTIVE MEDIUM FOR
YERSINIA ENTEROCOLITICA
CONTAINING SODIUM OXALATE

LASZLO V SOLTESZ CLAES SCHALEN and PER ANDERS MARDH
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Soliesz L V Schalen C & Mirdh P A Ap effectve selectve medium for Yersima enterocolinca
conaming sediom otalate Acta path mucrobial scind Sea. B 8% =16 1980

A metn (Y medum) is described which was more efficient for the wolauon of Yersima
enverocohica Ttom experimentally infected faccal Specimens than desoxycholate-tiirite ‘McConkey
tactase sucrose ures (LSUY agar and Yersima selesuve medwum (Wasters medmm) The »Ye medium
consits of casetn hydrolysate and peptone serving as carbon and energy sources A tigh selecuviy
achieved by 11s contents of sodum oxalste and bile sals The oxalate suppresses growth of gram
argatne tods icluding members of the famuly Enterobacteriacede and of Pseudomonas spp while the
Dife salts sniibit growth of gram posiuve bacterta In the few 1nstances coltform rods grew on the Y«
medum they could easily be disunguished by their fermentation of laciose included n the medium
and the fact that coforues of organisms were surrounded by an opague zone of precipitated bije sahs
The most optimaj conditon for the wsolanan of ¥ enterocolitica from stools was acheved at incubation
of the »Y« medim a1 29 °C for 2 days

Key words Yersina enterocol tica selecttve medium  sodium oxalate Stools diagnosis

L V Saltesz {asutute of Medical Microbiology University of Lund Sofvegatan 23 S 223 62 Lund
Sweden
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Dunng recent years infecuons with Yersmia
enterocofica w Europe particutasly with serotypes
32049110 16 22)and  the US with serotype 8
{16 20 12} tave been diagnesed by meTeasing
frequency 1n man The orgamsm has been asso-
tted with acute tetmund) dejus, Jymphadenmtis
mesentenca mn children enterus sepucemia, ery

thema podosum and arthnus 1t may 2lso be tsolated
from pat ante wnh sbe o £

037 -

LIS I .

tnpu - [

generally grow s welt on blood agar (HBA)
et

urea
{(LSU! MacGonkey (MC) agar (40 11) 25 on a
® #m heo scnamally designed for isolation of

this oreamssm vz Yersuua selective mediuen (YS)
(19) However on attempts to recover ¥ enterocol

uea from faecal spetimens differences 1 the
ssolation frequency when using these meha arg
poted {10 11 19) Highly selective media scem to
promote the recovery of ¥ enterocolmea {11 19),
Incubation of $tools at 4 °C for 3 weeks has also
been demonstrated to increase the recovery fre

quency (4 5, 12 18 19)

Studies on nutriuonal requitements of ¥ ensero
<ol ¢a resulting n the compusition of a selective
differentiating medmm (Yu medwm) for Yus
orgamism are presented The efficiency of the nYs
medlum as tompared with other media currently
u;:vlor lh; wolation of Y enterocoluicn for the

ety of the organsm from expenim:
Infected fascal specimens 15 also dcscnv;; ety

[4}






Taple | Constuuenis of a hew Selective Culture Medwm
Jor Yrrsima tnterocolitica

Gram/hitre
—ompound (designation, mapufaciures) disulled water

e

T_ermluzncal Peptone (1. 37 Oxod) 18
Casem Hydrolysae (L 4} Oxord) 5
Lagtose (Mfalliokrodt) 10
Sodium Oralate (BDH) 8

*Sodium Desorycholate (6504 Merckd 16
Sodium Chlonde {6404 Merck) 5
Bule Safes (L 55 Dxeid) 5
Neutral Red (1389 Merck) 0908
Bacto Agar (B 140 Diteo? 20

Table 3 Recovery of Yersiua enterocoliuca from

Expersmentaily Infecied Fagcal Specimens after 2 Days

Incubauan. at 29°C Using Fne Dfferens Media
Desgnation of Media see Text

Nomber of Reisolation of
stools Y enterocolitica
Mediost nfected from a0 of stools
(] ] of N
— e ——————
197 175 888
gg 204 184 902
s 116 96 01
U 142 126 887
wYu 224 223 995

‘
z

RESULTS
Composinon of the n¥Yu Medwm
The composition of the »Y« medum 1s gIven i
Table ) The use of both pepione and casen
wydrolysaie 2s Tarbon soutees was found to be
essenual The casetn hydrolysate seemed ta promote
« 1apid growth while peptone perristed development
of large colonses of ¥ enterocofinica (Table 2}

» Selccinity and Recovery Frequency of ¥ enterotoly
53 1ica from En Hy Infected Foecal S
* on the »Y Medium and Different Yariants Thereof
£ W hen moculating faecal speaimens on the »Y«
" medium  growth of gram postuve bactera was
" almost completely miubited by the bie saits The
%, growth tnhibitory efféct on gram positive bacteria
+ s cleanly demonstrated in the 1es1s using »Ye
w Medmup fo which bile salis kad not beep 2dded
o Sodwm desoxycholate at the concentration used
~ not omly suppressed growth of gram posive

3 bactena but also that of most gram negauve fods
¥

inchuding Froteus and Pseudomonas spp Qccasto-
nafly some colomtes of gran negauve rods other
than ¥ emrerocohitica appeared on the »Y« methum
1f present these bactenia could easily be differentia

ted from ¥ enterocoltica because they produced
acd from Jactose and/or precipteated the bile salts

which fesulted i a red and/or opague zone around

studies of iy
mfected stools 1 which dicarboxylic 20ds other
than ofalate viz | ketoglutarate and succinate
were used the highest recovery frequency of Y
enterocolica viz 100%  as well as the Jargest
avetage colony-thameter were found when oxalate
was used In this respect HBA was almost as
efficent When the medwm was supplied with
sodium ] ketoglutarate or succinate obly 80% and
90% respecuvely of the 1ested 40 strains were
recovered and the average colony-dimeter was
smaller (Table 4)

in the comparative studies using increasing
amounts of sodim oxalate a concentration of 1%

B
13 Table 2 Aumber of 40 Sira ns of Yersina enterocolitica Growing on the Mew Medium Conttatning Bacterological

.8 Peptone and Casein flydrobsate JSand Sg
7= fncreased Concemranon of Bacien,siog caf Pe,

per Litre Respecinely {Y) ax Compared to the Same Medium with an

pione 20 g per Lure (Y BP), or of Casern Hydrolysare 20 L
- CH) after 2 Days Incubanion a1 29 °C* Diamerer of Colon es B ey
s
L; et Mean number of colony forming v Duameter of cofonses (mm)
x 24 hours.

3 43 hours Mean Range
PEIRY n 3

b 3 5

Y.ci 2 %

2 E3 t? 13-19

5 e aculum used resulied un approtimaiely 30 colony formunk v 25 tested o blood agar plates



MATERIALS AND METHODS

Test Strains

Altogether 81 strasns of ¥ enterocoliica all of human
origin were used mn this study Of the stramns 42 were
obtained from Prof S Winblad Malmo Sweden while
26 strains came from Dr K Gaarsley Statens Serum
wsutut Copenhagen Denmark The remaung 13 strans
studied were 1solated from faecal specimens sent to the
Bacteriological Laboratory Umiversity Hospual Lund
Sweden These latter strains were idenufied as ¥
enterocolitica on the basts of colony morphology gram
staining  biochemical reactions {see below) which were
1n principle performed as recommended by Milehn (11)
and aggultination fests using antrsera purchased from
Statens Bakteriologiska Laboratorium Solna Sweden

Biochemical Reactivity of Test Strains

All 81 stramns formed acid from L arabinose
cellobiose D fructose D galactose D glucose D manm
tol D mannose sorbitol sucrose and D trehalose at
both 22° and 37 °C They all decarboxylated ornithtn
but not argimin and lysin They also hydrolysed urea and
2 mitrophenyl beta D galactoside (ONPG) and were po
swve in the metyl red test None of the 81 stramns
fermented adonitol dulertol uhin lactose raffinose
T or D xylose Pl was not deamina
ted Aesculin hydrolysis and H;S production were never
demonstrated The oxidase reaction was negative for all
strains The Voges Proskauer test was positive at 22°
but negative at 37 °C Thus was also true for fermenta
tion of maltose The brochemical tests were read after 2
and 3 days incubation at the two temperatures indicated

Composttion of the »Y« Medium and Dyfferent Tested
Variants Thereof

The and the supp of the
of the recommended selective medium for Y enterocoli
neca are gwven n Table ! The folfowing batches of
constituents were used Casein hydrolysate {acid) batch
no 1589783 and 23 711616 Bacteniological peptone
batchno ) 816071 and 29 912579 D(+)actose barch
no WCHS 867{1-1 sodium oxalate bawch no
8 535837 neutral red batch no 6010861 Bacto agar
batch no 644091 and bile salts

In the comparative experiments described below 40
artifically infected specimens were used (see below) In
some of these expeniments the »Y« medium from which
bule salts were omitted was used In other studies the
sodium oxalate 1n the »Y« medium was replaced by
either | ketoglutarate (Merck Darmstadt W Germany
batch no 6323613) or sodium succinate (Merck batch
no 8522485) which both were used i1n concentrations
equumolar to that of vxalate viz 006 M The opimal
concentration of sodum oxalate was assessed 1n
experiments using the » Y medivm (Table 1) to which
increasing concentrations [0 2 up to 20% (w/v)]) were
added In other experiments 006 M PBS 1nstead of
NaCl 8§ gi-) was used 1n the »Y« medium which
otherwise was of the same compositron as that described
n Table | Fnally the carbon sources in the »Ye
medwm vz Bacterologial peptone (15 g11) and

17

Casein hydrolysate (5 g 1=!) were tn some tests Teplsy |
by either 20 g1 1 of Bacteriological peptone of by o,
Casern hydrolysate

Preparation of the »Yu Medum
The medium constituents were suspended m disty

water holding approximately 10°C which was
heated to boiling 1n order to achieve complete diss
tion After sterilisation viz autoclaving at 121 °Cfor,
mumnutes the medium was immediately cooled to 4
50 °C and the pH adjusted to 74 The medum &
dispensed 1nto plasuc dishes in an amount of 22 Xy
per dish which were stored over blue gel 1n a plasicy
at room temperature unul use

Other Media Tested

Horse blood agar (HBA) consisting of Blood 2garby
no 2(Oxoid batch no 22 611 ED 2 127) supplemenyt
with 4% defibrinated horse blood DC agar (Onn
batch no 199984 DN |5 442) YS agar (see referens
19} (Merck batch no 6 393 193) and MacConkey &
(Difco batch no 646079) were prepared 1n accordsty
with the instructions of the suppliers and LSU &
according to those of Juhlin & Ericson (6)

Recorery Tests

In one series of experiments each of 224 fim
spectmens were infected with one of altogether 4D st
of Y enterocohiica belonging to serotypes 3 (25 stran)
6 (2 strains) 8 (2 strans)and 9 (11 strans) The mfect
stools were cultured on the DC MC LSU YSandsh
media The bacteria were suspended 10 150tonic phos
phate buffered saline (PBS) pH 74 to a denswy ol
approximatively 104-5 cells mi=! as determined bt
viable count on HBA plates after icubaton at 22 °Cayt
29°C for two days The faecal specimens used Bt
selected among Stools sent to the Bacteriological Depany
ment University Hospital Lund which were found ae
to contain Salmonella and Shigelia spp or Y enterocol
nca Each of the faecal specimens tested was dilutal
1100 1 10ml PBS pH 74 To these suspensiols
0§ mt of one of the above mentoned ¥ enterocol/ta
preparations were admuxed Of the infected faeu
specimens O | mi were used to tnoculate all medu
tested

Recovery of Y emterocolitica from Chnical Specimens

One hundred faccal specimens sent to the Bactericly-
gical Lavoratory Unsversity Hospital Lund durcg 1
months period for the diagnosis of a posstble yersuucss
were studied for ¥ enterocolinca The spectmens weft
woculated on DC agar and incubated at 22 °C and 29°C
for 78 hours and n enrichment buffer consistng &
NaCl 8 5g NazHPO48 4 g KHPOs | 1 g dilutedinl]
of demineralized water The inoculated buffer 3
ncubated at 4 °C for 3 weeks Fially the specymets
were cultured on the »Y« medium which was tncubaied
also for 2 days at 22 °C and 29 °C
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1n the expenmental system used n this st

(uﬂ uwdlu;': was found superiof to the MC L5

3a'YS medin i tyres, of selectnaty andmu'm‘xma
nes

ng properties for the recovery ot ¥ emerocol!

ogm tazea! spectmens 1n expenmentally wieted

Cfe - 1o

1
azcal specrrtens 16 dependent on the effictency by
~hich the mdigenous nestnal flora, particularly
Proteus and Pseudomonas spp s suppressed By
he additeon of sodium oxalate and ble salis to the
Y« megrum groWwin of BrAm Posiave SRR Was
completely suppressed By these addwnves the
T s S0 wede dfeentatie, toc X

~mierocolit cq 051 on¢ hand and other gram negative
rods on the other To increzse the &ifferennanng

Y S

- S

segisunét colour change of the medium

“  Room température has been indicated as the
{fupumal ncubation temperature for the 1solauon of
zy B N

v

[ .

“ludy 22 ¥ Although larger colontes of ¥ enjerp
*-ofinca were seen on the »Yu wedium when
weubated at 37°C there wds a pronoupced
hoams an . ..

- visAMON

3 vinually not oecor
W hen teung pure cultures of ¥ enterocolitica
Pt pownt Size colomes of 4l strans iested ernerged
lready 24 houts affer cubaan at 29°C whes
using HBA medium Under similar culture condi
tany some such strams developed wisible colonses
7 fitst after 48 hours of 1cubation when sing the
2 ¥~ medwum Newher on LSU of on YS medrins
. ere agy colonwes detectable after incubauon at
3550 for 24 bours while on DC agar sometimes
o point colonies were Tound after thar period of
“cubation Thus m 1501aton $1dies 01 ¥ enteroco
lug s recommend that e »Ye medum s
cubated (or at feast 48 houss Wefore ducarded ag
fegatne
The »Yu medwm has now been 1 use for
~ Avvermacey I yeans it the Bectenalopieat { abara
tory Lnaersay fiospal Lund The experience

nod 14 10 prpcipls sumddar fo et
from ;B (::m ®e sady of the senes of [00
: ens descnibed above
$ Ty gl sefecurvry of the »Y« medwm favours
(e qgseion of ¥ emerocohied 25 conypared \;;
othey Tedia 1n curyent use for the isolsuon o{i e
osgagSt from faccal specimens By the use c;: :
WY« it the tme-consunung cold enrchmen!
can & omutted without derreasing the Tecovery
frequetcy  The medwm 15 cheap and easy 10

prepaf®
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Table 4 Reusol. of Yersima on the »Y«
Medwum Contaiming erther Sodium Oxalate (OXL) 1-
Ketogtutarate (KGL) or Sodum Succinate (SCC) (all
Substances at a Concentration of 0 06 M} and on Horse
Blood Agar (HBA) from 40 Experimentelly Infected
Faecal Specimens The Plates Were Incubated at 29 °C
for 48 Hours before Read The Inoculum Used Resulted in
Approximanvely 30 Colony -formuing Unus per Plate
Number of Strains Growng and Duanteter of Colonies

Medwm oNI‘ 2::-:1 Diameter of colonies (mm)
growing (%) Mean Range
OXL 40(100) 23 13-25
kGL 32(80) %] 10-16
sCcC 36(50) 16 13-18
HBA 40(100) 20 13-23

(w/v} was found to give the highest reisolation
frequency and also colomes with the largest
diameter However, 0 8~1 0% of sodium oxalate
resulted 1n the highest selectivity (Table 5) In the set
of expertments 1n which NaCl was replaced by PBS
the acid produced from fermentauon of lactose by
gram negative bacteria caused a less distinct colour
change of the indicator, viz neutral red

Comparison of the Recovery of Y enterocolitica from
Infected Stools Using Dyfferent Media

When the »Y« medium was ncubated at 29 °C
for 2 days, ¥ enterocolitica could be reisolated from
99 5% of the 224 expertmentally infected speci
mens, while when using DC, MC, LSU and YS, the
bacterium could be recovered from only $0% or
less of the specimens (Table 3)

Recovery of Y enterocolitica from Clinical Spe
mens

Altogether 13 strans of Y enterocolinca we
1solated from the 100 clinwcal specimens of fsx
studied One strain did only grow on the »
medium, while the 12 other strains were recovn,
both on DC agar and after cold ennchment

The largest colontes of Y enterocolitica on &
»Yu medum were found when the medum ¥
mcubated at 29°C Thus the average colog
diameter after 48 hours of incubation at ts
temperature was 2 3 mm as compared to 224
1 9 mm at 22 °C and 37 °C, respecuvely

DISCUSSION

Y enterocolinica grows on simple tnorganic mela
provided the presence of certain growth promoy
factors eg thymdine Some strains of this speas
may also grow on mummal media contumun
ammonum sulphate as nitrogen source and gluost
as the only source of carbon and energy {2}

Media commonly used for the sofation of !
enterocolitica from climcal specimens consst

or meat H d wib
lactose and different agents promotng seleciih
such as sodium desoxycholate, potassium tetrathe
nate bile salts brihant green and enstal viokt {6
17, 19)

In cultures of faecal specimens cold temperatut
enrichment has been used to overcome the probler
of overgrowing contamnants (4, 5§ {2 {8 0
Thus 1moculation of such specimens into Rappapor
broth (4 19) or phosphate buffered salime (5 12 18
followed by mcubation at 4 °C for 3 weeks fnau
the recovery of ¥ enterocolitica from stools 12

Table 5 Recovery of Yersima enterocoliuca from Expertmentally Infected Faccal Specimens after 48 Hours lnn:bﬂlw:
at 29°C on the »Y « Medm Contaimng Increasing Concentranons of Sodwm Oxalate Diameier of Colomes a%
Grading of Selectn ity

Concentration No of faecal Drameter of colones tmm) Degroe of
(% (w/vD) of sodium specimens yielding Degree ol
oxalate used growth {%) Mean Range
02 26(65) pp® PP 3
04 29(73) PP PP 3
06 35(38) 17 1318 2
08 38495 22 12-26 )
10 40(100) 21 12-25 1
20 8(20) PP PP 3
——
“1 mgh 2 intermediate 3 -low

» PP pm pount cotones

14
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SEROLOGY OF NEISSERIA GONORRHOEAE
CHARACTERIZATION OF RABBIT HYPERIMMUNE
ANTISERA BY LINE-ROCKET
IMMUNOELECTROPHORESIS FOR USE IN CO-
AGGLUTINATION

ERIC SANDSTROM and DAN DANIELSSOV')

D of Dy and Clinwcal and *)Dx
of Chcal Bacteriology and Immusology Central Counry Hospral Orebro Sweden

Sandsom E & Damelsson D Serology of Aesseria gonorrhoeee Characterizaion of rabbit
hyperimmune antisera by fine rocket for the use 18 Aca path
macrobiol scand Sect B 88 17-26 1930

The co-aggfutimation (COA and hne rocket immunoelectrophoresss (L RIE) techruges were wmnesega
w4 for the serological classificauon of Meisseria gonorrhoeae COA with absorbed sera was found to
demonstrate wstrain speaific as well a5 cross reacung anugens The resulis wece devendent an cha
v Spw o v g1UUPs WIL I€Pard (o Cross Teacting antigens Based on the
[ndings by the L RIE tests selective absarptions of antbodies were perfotmed Tor use m preparation
of COA reagents It was found that the reacuons of these reagents with the MOMP reference strams
could be assigned to three different antigenic classes Reagents prepared for these classes are proposed
s a basis for serological classificanon of Newsseria gonorrhoeae

Wey word Mewsseria

serology i
Enc Sandsirom Department of Dermatovenerology Karolinska Insuwte at Soderspukhuset, S-100 &4

Stockholm Sweden

Recerved 30 7Y Accepted d1x 7

Serological classifications of the vartous bactersal
genera and speies such as Salmoneflae Shigellae
Eschericlua colt and Aetsserta memngitidis have
greatly aided the of the

13 18) Other mvestigators used gonococeal celt

fracons 1n vanous stages of purificayion 1n agar gel

diffusion (6 9 10) passive haemaggtunnaton or

t}&m\‘,s& {4 1) AU e pubhshed data
the serol e

and pathogenesis of infections with these orga
wsens as well as thesr ecology Such classificavion
bas nov yer been worked out and dcepted for
Veissena gonarrhocae despite serjous altempts by
svesalinvesugators $n these stugges viable or killed
*hole gonococeal cells were ysed (n standaed
arglunstion (17 (9) complement fivaton (14)

4 812t or idirect immunofluoresoence (IFL) (6

of these
organsms

W& sectnrly reported the results of co-agglutina
ton (COAY and wdirect FL 1n demonsiaung
stram spetific antigens of N gonorrhoeae by the use
of cross absorbed antibodies (8) The results correla
ted ‘MM #ith those obtaned by rocket ne immu

with antrg, merme
date agar gel Our findings also indicated that

17
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Performance of COA sests Que drop of 2 1%
1spenston (w/v) of reagent saphylococt was mixed ont

glass shide with one drop of the 1% gonotoccal
sspension The shde was then uilted approximately once
very seoond for 2 mn after which the reaction was fead
1 oblique highl. Negative yeactions were recorded a5 =
ad positne as 1+ (weak) I+ (modevate) and 3+
strong and very strong}

Line eocket Immunoelectrophorests (L RIE}

The lysates of santcated gonococeal cells {250 mg
1l | related to the wet weight) w ere used in comparauve
smdies 1 the L RIE tests with homologous and
aeteralogous antigen anuibody combinations arranged as
shawn nFa £ 3 3%

) o- - -

. . w buuet In the
electrophorests vessels o strength 01 pR 36 was
reorculaied and the electrophoresis appacaws was
coaled with tap water during the test runs

The area of the glass plate covered by antbody el
was about 75 cm? and the refersnce antigen hine gel at the
cathodic end of the plate about 10 cm2 Each rectangular
agarose arez with anugen of whe imermedaie gel
measured about 025 cm? and was separated by a
corresponding rectangular 2garose gel wthour anngen
The rectangutar gels % ere made tn a mould composed of
o glass plates separated by a U shaped frame
4$x 100 om 2 mm thuck O 3 ml agacase was carefully
placed at the bottom (45 mm wide) of the mould After
sofid fication '3 ] ant oew.cen
soniated < v s -
and ths - -1
[

‘.

mixture of 2
celly agmanwy
0 of the g . [
Wi were poured 18 after which the rest of the glass
Plate 75 x 100 mm was covered with 2 mysture of 13
™ agarone and 03 m) tn some ftests D6 miy
0t gonococeal antiserum

Hlectrophosesss was run for 22 by with 5 gradient of
183 em  The plates were then pressed betw een filter
Fapers Washed i ice 1n sal ne and once 1 water pressed

363 0 and suined wath Coomasuie blue as described by
Axehen a2 at 1)

RESULTS

1) Desection of »Straim Specificn Ansigens and
Cross Reaciing Antigens antong Gonococeal Strans
by Co-agglutnation Influence of Treatment of
Antigens

We have showed previously that COA was 2
sunable method for demonstraung both »stram
speaifice and Cross reacting antigens among §ono-
coecal strains (8) These studies were extended 1n the
present work with antigonococcal antubodies from
ten rabbits immumzed with the five S stramns
14984 15057, 15000 11376 and 14190 fwo
1abbits for each strain} Reagent staphylococet were
ooated with anubodies unabsorbed or cross
absorbed with the five stramns Results of COA tests
performed with untreated formalin fixed or boiled
whole gonococeal cells are shown i Table 1

Al five strawns cross reacted with the unabsorbed
ante GC antibodies obtamned from the ten rabbuts
These reacnions were due in part to common
antigens Irrespective of the absorbing stram cross
absorbed antibodies conwained reactrviey 2gamse
heat stable antigens of the homologous strains
These antigens could therefore be considered as
»stran specifice antigens  Cross absorbed antibo-
dies 2s0 showed reacuvity winh some of the
berarntan -~

W aavuvord L5087 ar R 11372 4

thpn

s vwuviea reactve formalin fixed
ones somewhat more reactive and boded whole
cells the most reacuve The antigens responstble for
these reactions could therefore be considered 2s
Cross teactne antigens which Like the »stram
specific« antigens seem to be heat stable

Strains that appeared to be closely related by
absorptron and agglutinaton may appear unrelated
when used as immunogens This is exemphfied by
the ants 15000 anuserum which afier absorption
with straim 14190 reacted only with strain 15000
Furthermore surain 14190 also gave more rear
tons with the othet absarded anu {5000 antwera
than any of the other absorbing strains On the
other hand strain 15000 did not react with any of
the absorbed anusera aganst strain 14190

2) Demonstration of Cross Reactne Antigens with
Line rocker Immunoclectrophoresis

COA tests showed that i addion to tran
specifice antigens most anu GC antisera contamed

19



besides »specifice antigens, there were antigens
showing cross reactivity between the Strans Which
was dependent on which particular stram was used
for absorption of the ants gonococcal antbodses

In the present work the COA technique was
used for further study of the serology of N
gonorrhocae  Line rocket mmunoclectrophoress
was developed to d the rel
between 16 selected gonococeal strains which could
be grouped with regard to cross reacting antigens
With this techmque nformation was rapidly
obfained regarding the choice of absorbing strains to
be used for the preparation of defined antibodtes 1n
<oA

MATERIALS AND METHODS

Neisseria gonorrhoeae Strains

A total of 21 stratns Wwere used i the present study
Five strains S 14984 S 15057 S 15000 S 11376 and
S 14190 were 1solated 1n Stockholm n 1973 from
patients with uncomplicated gonorrhoea These were
selected on the basis of the results obtauned from
mvestigation of the immune response 1n complicated and
uncomplicated gonorrhoes using the gonococeal comple
ment fixation test (15) The 16 reference stramns for the
major outer membrane protein (MOMP) serotyping
system {10) were kindly provided by Dr A H Johnston
Houston Texas designated A1 B2 C3D4ESF6
GI7HSXNINIORII SI2TI3UI4\ 15and
W 16 The strains were cultured on the colony
morphology ty ping medium (CMT) described by Aelloge
eral (11 for 22hn 5% COyat 37 °C unless otherwise
stated The MOMP reference strains were received
unselected as regards colony morphology type T2
colontes with golden brow n of dark brown colour were
obtaned from strains D34 F6 H8 R11 V15 and
T 13 while T lshe colanies of varying colour (hght
golden brown) had to be accepted for AV €3 5
N0 S12andU 14 T3ukeforB2and G 7 and TS
tike for \ 9 (% Thay were selected and recultured daily
over a two week pery d hefyre (reezing at ~70 °C in
narrow tubes fr m w1 H ot all samples could be thawed
when needed (8) Gel1 1tr wn or dark brown colomes
of the vanous types were preferced for use 1n the

subsequent experiments

Produciion of Antiscra
Preparanon of whele ceif ong sens Qrganisms of T2

colony morphology types of the five S stramns were
cultured on CMT medium and ~ tded on agar plates

Wiy v ow e -

ated WLl g
74 and prex It ded tn saltn

gonocaccal MOMP serotypes A § to % 16 (10 ner
cultured on CMT medtuns in the same way as the col ~
morphology types described above The ofganisms e
harvested 1n PBS pH 74 centnfuged for 15 mox
2500 % g and then adjusted to a conoentration of 2
mg mi~! in PBS The cells were distupted by sonsn
Whith a 100 watt MSE ultrasonic apparatus as descrite!
previously (8) Sonicated cells prepared m this way s«
used for absorption of antiserum as described below Fx
immunization of rabbits the sediment was obtamed v
centrifuging the lysate at 30000 X g (Beckmen ¥
ultracentrifuge} for 20 min washing once in sal e, 1
finally suspending in saline 10 25 umes the ong.t
volume of the lysate The sediment Was stored i sml
ahquots at ~70 °C untif use

Immuntzanon W hate female rabbits wetghing apet t
smately 2 § kg were used Two rabbits were immun..}
with the formalin fixed W hole cells for each of the 1§
strains with an imtial Intramuscular wjection of 28
anugen ruxed wuh 2 m) Freunds complete szt
Two weeks later the animals were given a series of 1¥
tagections viz 01 ml 025 ml 0§ miand { Qmlol&x
came antigen at intervals of 3—4 days The senes o5
repeated after two weeks and the amimals Were bled o
weeks after the last mjection Animals immunized 3 3
the sediment of the 16 gonococcal MOMP serotypesof
Johnston et al (see above) were given a total of Fu
subcutaneous amections at intervals of tvo weeks ed
time wath 2 ml antigen muzed with 2 m) Freonfs
complete adjuvant The ammals were bled o weth
after the fourth mjection

Absorption of Antiserum

Absorption was prefornied by mivng one volume ol
anuserum with four volumes of the someated eells b
above) and tncubaung for | h i water bath at 37°C#
then overmight at +4 °C The absorbed antwerum
which L thes way was dituted 1S was revorered !
centrifugation at 30 000 X g for 20 nun and (f notust
the <ame day Stored at ~70 °C unuf use On soF
accastons undifuted antiscra were absorbed with
corresponding volume of packed formalin fixed cefis &
4hat 37 °C and overnight at + 4 °C The anuserum #¢
recovered by centrifugaton and if residual activity ot
absarbing steams persisted  the absorption was repeste
two or three imes with heat treated cells for the @
tme and with the s1me eoncentrations

C agglutmanon (CO4} .
Anngens The gonococeal stratns were grown on o
medium The cells were harvested 1o PBS pH 74 %
used as untreated w hole cells (UW C) with the addion @
0 1% NaNs w/v) as formatin fived whole cells (FRC
(5) or as heated whole cells (HW C) after botling for 1!
m a water bath The gonococcal suspensions wet
adjusted to a 1% cancentration (w/v)
Preparation of reagenrs The production of protemn A
! reagent zed st

ere

vipusly (5) The org: " D

‘:ca concéntration corresponding 1o Mctasland No 4
; d used for rmmunization within tWo weeks

i Preparation of sonsca ted antigens Otgamisms of the 16

phy
unabsorbed or absorbed antigonococcal antibpdies and
control reagents followed the mrassturan doonad
previously (8)
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Fig 1 Line rocket immunoclectrophoress withant E 5
:n the reference antibody gel sonscated cells of St ES
wn the Une g2t and samcated cells of HomofOg0U™ and

heterologous strains m the intermediate gel
cx 7 and ¢x > designate (wo different preciPitim lines
parallel o the line gel connecting rockets formed over the

antigens 1n (he intermed ate ge) liype 1)
Capual letters refer to the MOMP referent® stramns

Anth

A ,LANW‘\J\»[\ .
M)

A
T
Fig > Lane rocket immunotlectorphoresis with ant C 3
W e reference ant body gel son cated cells of stran € 3
10 e 1ne get and somicated cells of homologous and
beterologous stramns 1n the sntermediate g¢l

pr des ghates parual reaction of wdentiry betseen the

Preciitin 1 ne garatlel t the line gel and Wit rockel (type
1 reacon)

e s e

cr desighates Tocket over antigen i ptermediate gel

ot confiected 10 2 vishle line paratlel to the hine gel (type
1 yeacuond

FrSspual fetters refer to the MOMP refefence strains

+
Anti N

[ s vy
[

i
il

Fig 3 Line rocket ummunoelectorphoresis with anu
N 10 10 the reference anubody ge! somcated cells of

stram C3 in the Ime gel and sonjcated cells of
and strains in the

gel

ex designales precipiun hine paraliel to the hine gel
connecung Totkets OVET antigen in the sntermediate get
{type 1 reacion)

cr designates rocket over antigen 1n the itermediate
gel not connected 1o a visible fine parallel to the lmne gel
(type 2 reacuion)

Capial Ietters refer to the MOMP reference strains

were at umes seen as partial reactions (pr Fig 2) In
the fype 2 reaction a rocket lme formed by the
antigens of the intermeduate gel coutd be 1dentified
but no line of 1dentity connected these rockets with
the concentrations of antiserum used 2nd antigen 1n
e hine gel fer Tig 2y These preqipiun hines
represented another antigen or antigens related to
the homologous stratn In the npe 3 reaction
wwerted ot na rockets formed over the antigens in
the mtermediate antigen gel These reactions
(designated ~) tndicated Jack of » specificu or cross

reacting antigens In the 1y pe 4 reaction antigens m
the mtermediate agar gel formed rocket precipiun
lines with reactions of wdentity at the anodsc end of
the agarose g 1 and 2) for all the 16 MOMP
strains These rockets represented the common
antigens Examples of two independent npe |
reactions are shown in Fig 1 one with sirams B 2

DLESGT RIVand" 15(cxt) and the second
wihstrams B2 E5 G7 H3 N1Dand V 15
{©x2) mn the test with the E 5 ant E 5 combination

The C-3 anu C-3 combinzuon (Fiz 2) flustrates
tpe ] reaction for svans B2 C-3 ES F6 G 7T

H8 N10andR Il Paryal identity can be seen in
Fig 2 for strans D § and V 15 Type 2 reactions
;:;es obtamed with strans C3 D4 R Il and

i n



TABLE | Co-agglutinations of GC Cells with Reagent Staph lococet Coated with Anie-GC Antibodies Absorbedx +
Homologous or Heterologous N gonorrhoeae Orgamisms Reactions Graded as Described n Material and Meiheds

COA reactions with untreated formalin treated and heatsd w hole cells of Aersseria gon srrhoeae

Anuserum

against  Absorbin

stram it S 14984 S 15087 5-15000 S 1376 sux

{rabbit»

UWCE FWCE HWCE UWCFWC HWC  UWCFWC HWC  UNCFWC HWC  UWC e

514984 - 3+ 3¢ 3e LU T PO PO O Y SN PO N [N

biby 515000 3e e 3w “12e S12e 1 e S N »os
515057 3+ 3+ 3+ - - 24/- - - - - + s - 4
ST1376 24 3 R Y A A - - 2 - -
S14190 2 2 2 - - - - -l - - . -
S14988 - - - - - - - - = - - - -

S 15087 - 3+ 36 3 ETIS T S P T 19 LTS T [

@ap  SMIB0 e 2 B 3 30 3 o - Nl e b= Wi -
S15000 - A Y Mt - oy e PR
514988 - B 1Y S M T 14 N 1Y - e - - -
S1376 + - FTO Y -2 e - - - - -
Sts0sT - - - - . - oL oL -

515000 - 3+ 3+ 3+ 3 3 3+ 2+ 3+ 3 3¢ 3+ 3+ L

ten S4984 - - - [ 2 T T N P S P D N I
S 15057 - - + - - - 3 E . - BT P
S 11376 - - - -~ =2+ 3+ 3¢ 43+ - - - -
S0 - - - R LI T T P - -
S15000 - - - - - - - C - - -

S 11376 - 3+ 3+ 3 F TS T 14 RIS VRN Y FYSHRE PRR 1 o) b

Crep S0 . . 2 en s - - . [ISE M - -
S15000  + P P - - - 2 e 3 -
si50s? o+ + 3 - - - - - 2% 2 e - -
S14984 - - - - - - - - 2 n 2 -
st - - - - - - - - - A, - -

514190 - 3 e 3 e 3 3 3 3+ 3 FTSHENE PR 1Y 3o ¥ “

rep | S1SOST 2o 20 3 - - - - - P % oo

eifen SIS000 -2+ + )+ - - - - - - - e b
S14984 - - - - - - - - - .- »opo b
s1316 - - . - - - - - - 2/ M
si9 - - - - - - - - - - -

a) COA reactions of the indivadual rabbit presented only when there was a difference of more than | +

t) UWC - untreated w hole cells

antibodies to more than one cross-reactive antigen,
thus resulting 1n complex patterns To cover all
combinations with 10 strains and their correspon
ding antisera, 100 absorptions and 1000 tests would
be required 1f the relatonship was unknown
However, we have shown 1n a previous work that
the results of COA tests comncided well with those
obtamed by rocket line immunoelectrophorests 8)
In the present work, we therefore developed the
Iine-rocket immunoelectrophoresis described 1n Ma-
terials and Methods, with the aim of guding and
reducing the number of absorptions for anu GC
odies for use 1n COA tests We decided to use
bbit anusera agamst the 16 gono-
described by Johnston et al (¢{0)]
at lewst one antigen Antisera,
that gave a precipitation pattern

antibx
hyperimmune 12
coccal serotypes
known to differ
one for each strain,

20

EWC = formalin treated whole cells

9 HWC - heated {100 °C) whole e

typical of previously described strain-specific ant
gens {8), were sclected for these studies
In these L-RIE tests, antigen preparations {ro®
more than 20 GC stratns could be compared with?
reference antigen-antibody system and four types of
reactions could be observed These are referred 102
wpe 1 ppe 2 type 3 and type 4 reactions In the
wpe | reaction, 2 lime of idenuty connected the
precipitin line of the reference antigen line gel with
the rocket(s) formed by the anugens of the
homologous and one or more of the heterologous
strains 1n the intermedtate ge! These precipitin lines
thus represent cross-reacting (cx, Fig I) antigen
between the and the hetero-
logous strains One of two such cross-reacting
antigen-antibody systems could be detected tn 2
particular test run Dissociations of the -




TABLE 3 Co agglutination Reactions of Heated {100 °C | ) whole Gonococcal Cells from the MOMP Reference
Strazns with Reagent Stophylococes Coated with Antt GC dagbodies Absarbed with Homologous and Heterologous
Strams Reactions Graded as Described 1n Matersal and Methods

serum

unst Absorbing Results of COA tests with MOMP reference strams
a0 strain
ot W B G E R D v|N H C X § T U A F
] B2 F N L
s G7 T
ES e T
Rt B T P T I T T
D4 R L R T T T
Vs - 2 3 3 o+ 4+ ) - - - - - 4 -
N0 - 3 3 B B o+ W |- < - - - - - - .
g - 3 3 e 4 |- - - o~ - - o
Al O T T T A I T
4 W6 I L T T T e PO T TS
s B2 N R L TS I 2- §, ST Iz Z:
G71 L S T T Y
ES B T T T Y
Rt - - - - - T D P
Da o - -
Vs B
€3 2 0+ s e B oW onl- o - - _ _ - -
I’f\sl EE L T T A [ T
nde 3¢ 26 3+ 3+ 3 -
N TIRAR v 0 D
S B2 A G CSNPN R T PO PO M
S g:[ T PO 1 S A
D1 S A B T P S
is N A A LA
NS RNl £ G S N M M
Hg - - - < . - - 3: e T T
C3 - - - . - . = I T T - - -
Voot v rwa Il T oToo oy
U\Iz‘ T T T Y z: +
- - o 3+ E O
12 W16 - L L.
S B2 W o~ - -
S A
Nt - -~ - - - T -
ns w - - -
c3 2% - - - - T -
\e ~ . T
si2 - - - T T -
T3 - - - I - -
s - - - T - -
Al - . LT -

/

snd notdaee
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TABLE 2 Results with Line-rocket Immunoelectrophoresis Using Annisera 1o the MOMP Reference Strains Tog
aganst Somcated Cells of the Homologous and Heterologous Stratns 1n the Intermediate Gel

Antserum
against Antgen L-RIE reacuons with anugens from the MOMP reference strains 1n the 1ntermeduzy,
strain 1n line gel -
{rabbut) W B G E R D VN H C X s T U s
B-2 B-2 ~ b o @ oo opre|e @ = - - - - |
(KS29) - e e o - - = - - - ' - - .
1
G-7 G-?7 - a o oa oa - -fa oa - =}l- - - -
{KS 34) or e e
E-S E-5 - at al al « al all - - - -1 - - - -
(KS 32) - a2 a2 - - dfa? a2 - -] - - - -
e S B e
R-11 R-11 nd¢ cx! cxl exl oxl exl cexl| ex] oxl exl - : - - = =
(KS38) nd - - - cx2 &2 ex2f - - ;2 - [T
b4 D4 nd - - - = !
(XS 31 nd e o o o '
1
V-5 V-5 nd - e o ¢x /
(KS 42) nd e o o - :
T
N-10 N-10 nd - - - - '
(KS 37) nd - - - :
H-8 HB - & ¢ cx - !
(KS 44) - - - - )
C-3 C-3 - & o o E
(KS 30} - - - - ¢ :
X-9 X-9 - - - - - :
(KS 36) - & e X - !
- - - ;
S-12 s12 - - - - -
{KS 39 - - - - -
T-13 T-13 - - - - -
(KS 40) - - - - -
U-14 uis nd - - cx -
{KS 41} nd - - - -
Al Al - - - - -
(KS 28) - - - - -
F-6 F6 - - - - -
(RS 43}
a - = type 3 reacuon no rochet formed over the anugen in the intermediate gel
b cx = type | reaction see textand Fig 1
¢ pr = partual reaction (cf Fig D

¢ cr = type 2 reaction{cf Fia 2

" .



TABLE 3 Co agglunnat on Reactions of Heated (100 °C 1 ) whole Gonococcal Cells from the MOMP Reference
Strasns with Reagent Staphylococct Coated with Antt GC Anusbodies Absorbed with Homologous and Heterologous
Strains Reactions Graded as Described in Materal and Methods

iserum
amst Absorbing Results of COA tests with MOMP reference strains
an strain.
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On the basts of these findings, the strains could be
arranged according to fype /, Hpe 2 and Hpe 3
reactions (Table 2) The stratns could be placed 1 an
apparantly continuous pattern due to covarying
Cross-reacting antigens revealed by n.pe / reactions
In this way the MOMP strains could be divided nto
two main groups The first consisted of strains B-2,
G-7, E-5, R-11, D 4 and V-15, which with ther
corresponding antibodtes formed one or two bpe |
reactions with three to six of these strawns but not
with strams S-12, T-13, U-14 or A1 These strams
were referred to the second group, together with
stratns N-10, H-8, C-3 and X-9 which gave fpe /
reactions 1n various combinations within both
groups Stramns S-12, T-13, A-1 and F-6 gave only
6pe I reactuons within the second group Type 2
reactions behaved simtfarly By using heterologons
antigens in the reference line gel {strain C-3 of the
second group) (Fig 3), spe ! reactions were
confined to the second group and # pe 2 reactions 1n
various combinations within the first and second
groups

3) Correlation between L-RIE and COA

Each antiserum used 1n L RIE tests (Table 2) was
absorbed separately with three different strains one
heterologous strain within the same group, one
cross-reacting and one non reacting strain of the
other group Reagent staphylococc: coated with
these antibodies were then used to test heated (100
°C) whole cells of the 16 MOMP reference strains
The reaction patterns obtained could be referred to
three classes The first consisted of absorbed
antibodies against antigens common to Strams
within the same group {(see L-RIE results in Table
2) as the wmmuonRImg st2an the second of atsoted
antibodies  agamst  the immumzing  stramn
(sometimes also aganst another closely related
strain within the same group) and the third of
absorbed antibodies against cross reacting antigens
of strains belonging to both groups These results
are shown in Table 3 with four selected antisera that
were absorbed with the strains which gave npe [
and/or g3 pe 2 reactions and with a few which gave
npe 3 reaction i the L-RIE

Antt E-5 Absorption of this antiserum with
strains B 2 G 7 and E > showed that these strainy
shared most antigens corruspondung to the gpe /
reactions with ant E-S 1 U RIE (Table 2) Cross
reactive antigens were found m strams R-11 D-4
and V-15 as well as N 10 and H 8 when antt E 5
was absorbed with a strain belonging to the second
group m the L RIE tests agan wndicating  two
covarying cross-reacting argngens one belongmng to

her to class

C,a,sls/;}/:l‘)'-lj q;he COA tests with absorbed anti-D 4
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showed that strans R-11, D 4 and V-5 shared
least two antigens This could be shown |
absorbmg with stram B-Z, after which reacte
were obtained with R-11, D 4, V-15 of the s
group and C-3 of the other group (class 3) Aft
absorption with C-3, reactions were obtained 1
W-16,B 2,G-7,E-5,R-11. D 4 and V-15 (class |
Only strains D-4 and V-15 reacted in the COA fes
after absorption with B-2 and C-3 (class 2) wh
corresponds to the fpe ! reaction 1n the LRI
Reactions corresponding to classes | and 3 appeir:
as fype 2 reactions in L-RIE It was also clear th
the results of the COA tests were dependent onth
strain used for absorption
Anui-N-10  After absorption of this antiserys
with strains D-4 or V-15, strong reactions wet
obtained with strams N-10, H8 C-3 A¢m
§-12, which indicated that these strains shared it
same anptigens {class 1} This corresponded to npci
reactions 1n L-RIE An almost monospecific anti
rum to stran N-10 was obtatned by absorption wit
H-8, which was closely related to N-10 according
L-RIE tests After absorption with ungelated strait
{for example U-14) numerous and often weah crd®
reactions were observed
Anti-S-12 A stramn specific antigen of S-12 (chs!

2) was demonstrated after absorption with N 10¢!
U-14 The strong reactions with stratns N 10 H §
C-3 X9 S12 T3 and U 14 after absorptdf
with R-11 or A-2 correspond to anngens of i
same group and can therefore be referred to class l

DISCUSSION

Most attempts to achieve serological classification o
Neisseria  gonorrhoeae have suffered from the
assumption that a single major antigen exists in afl
gonococct which can vary only to a lumted extent
Notable exceptions are the investigations by H st
who from aggluunition studies of whole org?
msms defined the anngenic pattern of a particuld
strain by a formula (19) and those by Macland (12
who from studies of antigensc endotoxn fractions
described the occurrence of varying numbers 0
antigenic factors 1n a particular stramn  Using
1solated outer membranes for serotyptag gonococt!
by the Ouchterlony method Johnston ¢t al (10!
pointed out that even these purified antigens gavé
unwanted and disturbing antibodies 1f the immun!
zation was not carefully supervised

In the present work we showed by both co
agglutination and rmmunoelectrophorests techn
ques that rabbit hyperimmune antt gonococca!
antisera contamed reactivity a8ainst commopeas



elf as wstrawn-spectfice and cross reactive anlgens
hese findings are o agreement with those of a
revious report (8) and they forther support the
bservations by othees that the 2ntigeniC pattern ofa
arucular gonococeal strain could best be described
y a formuta {12 19)

The COA method which ts not disturbed by the
ahesent auto agglutinating properises of many oC
trans was found suitable for detecng varous
intigens However the towal anigeni pattern ofa
Arteular strain % as not rvezled undl the 2atbo
fies were extensively cross absorbed and cross
£qted with homologous and heterslogous strains
srocedures that are fabonpus and time conseming
The results 1n Table 1 5o show that the patterns
shramned were complex and dependent on the

absotbing and properties

of a partculac strae They were also 10 2 mor
suent dependemt on which ndivdual rabbu
ans serom was ysed 11 wes noteworthy that
whote cells heated at 100 °C were more reactne
than those untredted of formabin fixed We have
stown previously that for example untreated cells
from T4 cofony morphology types mught even be
waggluumable though not after heat treatment (8)
L ntrea ed organ s that da sto¢ react 1n a COA st
shotld therefore also be tested after such treatment
We showed previously that there was excellent
agreement between results obtained with the COA
method with ¢ross absorbed antibodies and crosyed

and rocker Jine immunoelectropharesis with ant
2EN CONMA A MO ™ armed . .

when using a homotogous antigen antsbody svsigm
permatied companson of the antigenic relanonship
betmeen more than 20 strams This 1s the advantage
of LRIE #s compared ta rocket e and crossed
Immunoelectrophorests.

The LRIE was applied to the 16 MOMP
reference stratns (10) whnch then could be drided
0 tw 0 marn groups StramsB2 G7 ES R 1)
D4 and v 15 wete Clearly separated from strams
S12TH3 L idand A1 Strains \ 10 HEC3
20d 4 9 reacied with anlsera agatnst both of these
s of strains and ther Corresponding antisera also
Tacted wuh both sets The observed reaction
fotterns wih Strains B2 G 7 ES N 1D H § and
with wa,lm RII D4 415 C3fed tn the

- noaa wdang
b 15 helonging (o the firse anugemc group The
seoond antgenic group of dlass | was Trpresented by
¢he 1ot of the MONMD Gomne (iags 3 consssted of

rams sn both these

groups This concept was confirmed when absorp-
wons of sntusera for the COA test were carried out
with three different steas 1e. absorpuon with 2
strasns witha the same anugenic group absorption
with a cross rezctng strain and absorption with a
non Teacung straty respectsely from the other
anugenuc group Absorbed antibodies could then pe
Produced wath a teaction pattern m COA tests
disymcuve for class |

Tt was also found that thosely telated strams ofien
absorbed all activity only occasionally leaving »pe
ofiv antsera against § or 2 MOMP reference
strams  Antgens responsible for these COA reac
tions could then be referred 1o a third class
Antibodies absorbed with unrelaied strams were
often not suitable for analyss 1n COA tests because
of mulhple weak and complex reacuon panterns
thus contrastmg with the strong reactions of class
specilic antisera absorbed with more closely related
Srans

The procedures described have been found useful
and rehiable for the serologiea) classificaion of
gonococcal strains desenibed 1n recens serological
studies by other authors and also for the classifica
uon of 8 lactarnase producing steans and strams
from patients %ith dissemmated gonococcal infec
ton (16)

Thes work was Supported by grants from the Sued sfr
Med cal Research Counut (Project no 167 3778 We
are indebted 10 Mrs A Bodlund and Mrs S Aenberg lor
skilful technical assistance
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by co

The co-aggluunation (COA) method has been adapied for serological classificaton of Netsserta
gonorrhoede COA reagents were prepared with selectively absorbed rabbit hypenimmune antibodies
against gosoccat {GC) major outer membrane protein (MOVP) serotype sirains Using these reagents
the 16 MOMP reference strains could be referred to at least three antigen classes tentayvely named W

3 and M The GC anugens of tlass W were dded into three groups 1 11 and 11 and they were 1
part sensiuve 10 pronase The antgens of class J reflected strain spectfic or sefolype reactions some
sensiuve and others resistant lo proteolync enzymes The angens of class M were sensuve 1o
peniodate and resisiant to pronase Strans used i serological studies by other authors were tested The
properves of class W correlated well wiih those of the so-talled mucro immunofivorescencs and
ymmunotype systems and class M with those of the so-called endotoxin and acd polysaccharide
systems Strains from three dyfferent laboratories could al) be grouped by class W and M reagents
1denucal stramns obtained independently from different laboratostes gave very sinular reaction patterns
with {he reagents avalable Repeated GC-1solates from pauents infecied with beta lactamase producing
strains showed stable reactions with class W and J reagents while there was a time related vatiaton of
the class M panern Sve have Tound tat the COA method 15 rapid easy and reproducible in the
serologscal classification of Nersseria gonorrhoeae and all the 117 GC-strams tested could be classified

hey words Messeria o

serology

Enc Sandsirom Department of Dermatovenerology Karclinska Insutute at Sodersjukhuset, S-100 64
Siockholm Sweden
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Ever since the begimng of this century many
tempts have been made fo achieve a serological
assificanon of Newsserta gonorrhoeze The older
:ﬁ‘m summarnzed by Reyn (19) and Hifson
. . . - .
e, L

ins w48 AVIC 10 Overcome most of the difficulties in
et aggivtinauon of gonococet. Wth absorhed
nusera agunst undefined antigens he was able to
baranterze gonocea) strans by a forrula Furiher
tudics along these Lines were however discousa
183 by the Tinding that gonococrr could change
erologically on prolonged subculture AMaeland
.X‘f\ *orking with ndirect haemagglutnation (HA)

with periodate sensitive but pronase stable anugens
prepared from the endotoxmn found antigenic
factors of three reference strains best Tepresented by
2 formula Apicella {2) punfied an acid polysaccha
nide anuigen for use 1 agar gel diffusion LAGD) and
HA studies Using absorbed antisera he was able to
define five setotypes (3) Joknston er af (14) studied
by AGD an antigen characterized by major outer
membrane protesn (MOMP) i polyacrylamide gel
electrophoresis and found 16 serotypes 1 2. hroad
panel of strans Wang ef a! {22) apphed the so
called mucro-mmunollugrescence (MicroF) 10
undefined gonococcal antigens with absorbed mouse
antsera. Wih tis sysiem three groups with
subgraups were observed and a correlation with
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auxotypes and chnical mamfestations was demon
strated

‘We have previously explored the potential use of
the co agglutination {COA) method for serological
studies of gonococer and the results were strongly
correlated to those ob d by indirect 1
orescence and immunoelectrophoresis (8) Based on
the findings by the so-called line rocket immunoe
lectrophorests (L RIE) defined reagents could be
prepared for COA by selected absorptions When
applted to the 16 MOMP reference strains described
by Johnston et al (14) the results of COA tests with
these absorbed antibodies could be referred to at
least three classes of antigens We suggested that
this might form the basis of a serological classifica
tion of gonococc: according to a multifactor model

These studies were extended 1n the present work,
and absorbed antibodies were prepared agamnst the
MOMP reference strains to identify the three classes
of antigens by COA tests These reagents were then
used to classify strains used i serological studies by
Maeland (17) Gewzer (12) Aprcella (3} Arko et al
{4)and Wang et al (22) aswell as other strans kept
at our and other laboratories Included were also 8
lactamase producing gonococcal strains 1solated
{from six patients

MATERIALS AND METHODS

Neisseria gonorrhoeae Strams

One hundred and seventeen gonococeat (GC)
were 1ncluded 1n the present study They were
ted by six groups of reference strains 1n all 45 ani*
three groups of other defined strains 1z all 26 T
designations and sources of these strains are shosy
Table I Forty six strains were 1solated from six e
nfected with f lactamase producing GC

Isolates HCA 1-21 were obtained [rom a malep
(HCA) with multiple sexual exposures in the Far Ex
They were 1solated from urethral and pharym
spectmens over a 73-day pertod due to tream
failures Isolates HCA -2 were from urethra the
from the pharynx Al 1solates except HCA 2
$ lactamase

Isolates BA 1-8 all B lactamase producers
obtamed from a male patient (BA) with multiple s¢
exposures tn the Far East They were isolated o1er2
day period BA 1 from the urethra the rest f
pharynx

Isolates RC 1-3 all § lactamase producers werelt
a male patient (RC) with a single sexual exposure at
Far East The strans were solated from vt
spectmens over a 6-day period

Isolate HA 1 was from the urethra of a male 2™~
(HA) with a istory of sexual interoourses in Polnd

Isolate TB | was from a male pauent (TB) with f

TABLE 1 Compilation of Neisserta gonorrhocae Strams Used i the Present Studs

A Relerence Strains Used by Others n Serological Studies
1) Major Outer Membrane Protern (MOMP) Strams (14) 16 strins obtained from Dr A H Johnston Hou

Texas USA Designations see Table 2

2) Micro Immuno fluorescence (Mrcra IF) Reference Stramns (22) eght strains obtamed from Drs A & HY
and J Anapp Seattle Washington USA Designations see Table 3 .
3) Inumunon ping Reference Strams (4) eight strams obtained from Dr & H Wong Atlanta Georga b

Designations see Table 3

4) Endoxin Reference Strans (17) three strams obtaned from Dr J 4 Macland Trondhem Nor

Designations sce Table 3

S) Acrd Fob saccharide Serogroup Reference Stramns (3) five strans obtained from Dr M A Aricella Bufl

NY USA Designations see Table 3

6) Gel Diffusion Reference Strams (12) five strains obtamned from Dr / Ger er Prague Crechoslond]

Designations see Table 3

B Other Defined Strains

1) Seart! Swans mnen all si¥ obtamed from Drs & K Holmes and J Anapp three from Dr T
Buchaun Scattle Washington USA Designations see Table 4

%) Jrebr Strzas

sixin all Four strams described 1 a previous work (8) one strain 732 from a pat

with dissemunated gonococeal infection (DGI) one stran P9 obtamed from Dr Af E Harf Southamf!
England Dcsignauons of the other four strains see Table 4

1) Stockh [ Stramns

I11nall Five were described 1na previous work (21) designattons see Table 4 Sit

23892 1sotated from the knee joint and strans He Ge De and Bj from urogenital sepemens of five fcm;
with DG1 Straim h1 was isolated {rom the pharynx of a female with a hustory of arthralgia two manths 3

1ntercourse

Forty six 1solates I om s1¢ patient
tests H Lt et mntemnts

caa tort

Stramns from Patient Infected with f — Lactamase Producing Stramns
ts infected with B~ lactamase producing GC were inclided n the serolog:



1 exposures 10 the Far East Ureshiral discharge
W four days after Tus return to Stockbolm and
4 exposure to pauient UL {see below) Chimcal and
sniological cure of bis B lactamase producmg GC
A after a Single oral dose of prvampicilin 24 ¢ plus
1 probenetd
.mpm“ YL 1-12 wete from a female pavent (UL)
was the regular sexual partner of TB (see abore)
se hus P 10 the Far East She bad sexual intercourse
| another parwrer during TB s stay a the Far Eastand
L TB watiediately aftet tus teturn. She also admitted
yetal practuce Fout days later she developed fever
€ severs pams i bet el wnst and both ankles She
had a sore throat lsolates UL 1-2 were isolated
1 1 weatment with prvasepicllin | 4 g three ymes
¥ for six days She reported chnicai cure but four new
aes UL 36 were obtaned duning the last day of
mpiailin tresiment and Priof 10 specugomyen
g tm Isolmes 712 were cbuuted after e
ament  fsofates UL 1~ were from wurogenital
cimens the vest from (he pharyny

ture
The cofony morphology typig medum (CMT)
scr ped by Reflogg ef al (15) was used throughout the
Wy The bactena were grownfor 22hat 37°Cin 5%
3210 ahum T ed incubator The B lactamase producing
nococct were 1solated on Ovwds Columbia agar
Pppiemented with horse serum and blood and 1denufied
described elsew here (7). All 1solates were tested fof B-
“tamase production with

o w2S treated 1n the same WAy 4s poruon one but
?.:;:nm peniodate A Wnrd POTUOR Was spua duv(;z-x‘ and
resuspended 1n the ongimal volume of PBS with 04 mg.
m) Y pronase 1mcobated for 472t 37°C and then heated
for § m at 100 °C to mactvate the pronase This
solution WaS transparent at the end of themevbonon A
fourth portion was treated in (he same way as poruon
three buy without pronase

by Sugars
’n’;z::sw;mdurg: was modified from Maeland (17) and
carried out in two different ways Inually senstuzed
reagent staphylococes were spun down and resuspended
1n the same volume of PBS witha 0 28 M sugar solution
tabe tested and incubated overnizht in the cold before the
test. A controf without susar was always included It
was later found that the same resuls were obtamed by
simply mtung vne drop ?( sensiuzed reagent staphylo-
S

- Yoaen 1bou s ot
66C 0369 D (+) galaciose Yot 27C 0117 and D (4)
glucoseanune Jot 25C 0286 (S1gma Chemical Co )

RESULTS
1 Deseription of COA Regents with Reactn iy for the

odisk Stockholm Sweden) and for most stramns also
ith the mod Tcanion of the Escam I 2 {10) and clover
af (240 echniques They were frozen after 2 mimmum
subcultures as described prevausty (8}

 sera
Antsera aganst the MOMP stauns were obtaned
om radbits and sbsorbed as described previously (21}

agglut nat on

Reagent slaphylococct were prepared as descnbed
newhere16) Drunng D¢ dater phase of the stody they
ere obtaned as 2 gift from Dr & Rudn Pharmacia
hagnoshics Lppsala Sweden COA tests were perfor
ed with heated whole cells 1100 °C for 60 mn} as
excribed presinusly (21) and the reacuons were graded
wgatne { } weak (1 + ) moderate (2 + ) and. strong or
ery strong (3 +

freatment wi b Perindate and Prongse

This was carried out essenually as deseribed by
Angetsen & Waetand {1) Gonoooo were grown for 20—
Y on CMT medium and hanested m 001 Ny
Fhosphate dulfered sahine (PES) pil 7 4 spun down a1
E)Oo x g for {5 mun suspended a1 a concentration of
A0 o el Twes weight boiled 1n 2 water bath for 1 K
d d ¥18ed 2t four porucns Ore portion was pun
Sown and suspended n four taes the onginal volume
¥ith § mg mf 4 sod um meta periodue kept 1 2 dark
hotde overn v at 4 °C spup down and finally
Tesupended i the onginal volume of PBS A second

Three Antigen Classes of the MOMP Refe
rence Strauns

Ina previous study (21) L RIE results guided the
absorptions of anti gonococeal antibodies 1o be used

for coating of reagent staphylococer which 1 COA
texts w th tha NEARED Lo o |

7~ = sauu M 1ne teactmity patterns of
the reagents with each of the strans withun these
classes are shown 1n Table 2

Class W According to the reactions wyth
prepared teagents strams in this antigen class were
divided mto three groups group 1 comprising
srars % 16 B2 G7 ES R1) D4and V15
group M strains N 1O H8 €3 X9 S12 T13
and U 14 and group Il strams A 1 and F 6 Stram
W {6 reacted with one of the three reagents for W /
Land W /I but the antiserum (anti-S 12) used for
the W {1 group also contained an antbody sgainsya
class M antigen Furthermore antiserum agamst
stran W 16 could e absorbed 1o make 1t specific
for grovp W /1 but not for group W /11 Thus W 16
was referred to W/

Class S Seven of the MOMP strains reacted w k.
the 1eagents i this class The typeal pattemn for
these stramms was that only aoe of tho strans
reacted with one of the five class J reagents
tentavely designated a5 mdieated 10 the table



auxotypes and chimcal mamfestations was demon-
strated

We have previously explored the potential use of
the co agglutination (COA) method for serological
studies of gonococcr and the results were strongly
correlated to those obtained by indirect immunoflu
orescence and immunoelectrophoresis (8) Based on
the findings by the so called line rocket immunoe
lectrophoresis (L-RIE) defined reagents could be
prepared for COA by selected absorptions When
applied to the 16 MOMP reference strains described
by Johnston et af (14} the results of COA tests with
these absorbed antibodies could be referred to at
least three classes of antigens We suggested that
this might form the basis of a serological classifica-
tion of gonococc: according to a multfactor model

These studies were extended in the present work,
and absorbed antibodies were prepared against the
MOMP reference strams to identify the three classes
of anuigens by COA tests These reagents were then
used to classify strains used 1n serological studies by
Maeland (17} Geizer (12) Apicella (3) Arko et af
{4)and Wang er al (22) as well as other strans hept
at our and other laboratories Included were also
lactamase producing gonococcal strains 1solated
from six patients

MATERIALS AND METHODS

Neissenia gonorthocae Strains

One hundred and seventeen gonowoceal (GCls
were included 1n the present study They were rens
ted by six groups of reference strams m all 4 o
three groups of other defined strains tn all % 7
designations and sources of (hese strams are shey
Table | Forty six strains were tsolated froms (pe
infected with B lactamase producing GC.

Isofares HCA 1-21 were obtatned from a make ~
(HCA) wuth muluple sexual exposures tn the Far £
They were 1solated from urethral and phan
specimens over a 73-day period due to mu~
falures Isolates HCA 1-2 were from urethra thee>
from the pharynt Al rolates except HCA 2t
8 lactamase

Isolares 84 1-§ all §lacamase producess. v
obtatned from a male patient (B \) with muluple st
exposures in the Far East They were 1eolated ot
day period BA | from the urethra the rec [
pharynx

Isolates RC 1-3 all § lactamase prodscers ser’
a male patrent (RC) with a single sevval expocut o
Far East The strans were wsolated from urf
specimens over a 6 day pertod

Isolate HA ! was from the urethra of a maktp-
(HA) with 2 history of sevual 1ntercourses 1 Pt

Isolate T8 1 was from a male pauent (TB)w &1

TABLE | Compilanon of Nesseria gonotrhozae Strams Used i the Present Stiudy

A Reference Strains Used by Others 1n Serologieal Studies
1) Major Outer Membrane Protetn (MOMP) Strains (14) 16 strains obtasned from Dr A/ J hnston B

Texas USA Designations see Table 2

wr

2) Micro Imntun> fluorescence (Micro IF)Reference Strams (22) ewht strains obtained from Drs A & #o™

and J Anapp Scattle Washington USA Designations see Table 3
3} Immunon ping Reference Strams (4) eght strains obtaned from Dr A /7 Hong Adanta

Designations see Table 3

Georsn 15

4) Endotoxin Reforence Stramns (17) three strams obtayned from D J A4 Macland Trondhem Mo

Designations sce Table 3

8} Acid Pobysaccharide Serogroup Reference Strams (3} five strams obtained from Dr Y 4 A,

N1 USA Designations see Table 3

et Buffs

1Y
6) Gel Diffusion Reference Strams (12) five strams obtatned from Dr / Gereer Prazue Crechodord

Designations sec Table 3

B Other Defined Strams
U Scatike Strams

3

Intercourse

te~is Hitort™ >f these pauents see text

28

mne 1 all six obtaned from Drs A A FHofmes and J Anapp three
Ruchinan Scatle Washmgton USA Designations see Table 4
2 & br Strams  stan all Four strams described 1 a previous work (8) one strain 73
- - PR

3497 salated (rom the knee joint and strains He Ge De and B) from urogemial sepaimens of
with DGI Stram K1 was isolated from the pharynx of a female with 3 history of arthralgia two m

Stra ns from Paucent inficted with § — Lacramase Producing Strains
Torty six wsolates {rom sty patients infected with B — lactamase producing GC were includ d in the serol

from Dr T ¥

2 fromapt®
+ Southamf™

bled §%

five fems®
onths ¥ ”

| o2



1l evposures 1 the Far East Urethral discharge
ed four days afier hus vetorn to Stockholm and
al exposure to patient UL (see telow) Clinical and
smotogical cuse of his @lactamase producing GC
a aftec a sungte oral dose of pvampicillin 24 g plus.
rabenecid

Eoyales UL 1-12 were from a female patent (UL)
} was the regular sevual partner of TB (see above)
sre his tnip to the Far East, She had sexual intercourse
1 another partner during TB s stay in the Far Eastand
b TB smmediately alter us return She also admitted
genutal practice Four days later she developed fever
2C severe pams 1n het lefi wist and both ankles She
» had a sore throat Isolates UL 1-2 were 1solated
3F 10 treatment With pvampicillin | 4 ¢ three tmes
Iy for s1x days She reported clnal cure but four pew
lates UL 3-6 were obtamned during the fast day of
ampicllin treatment and prior fo spectomyain
tg m Isalates 7=12 were obtaned after this
atment Isolates UL 1-4 were from urogemtal
wcimens the rest from the pharynt

lture
The colony morpholozy typing medwm (CMT)
scribed by Keflogg et af (15) was used throughout the
1dy The bactena were grown for 22hat37°Cin 5%
021n a humified incubator The B lactamase producing
nococer were isofated on Ovords Columbia agar
ipplemented with horse serum and blood and wdentified
described efsewhere (7} All ssolates were tested for -
clamase production with

portion was treated in the same way as pomozo?: ab:;

ate A third portion was spun
‘:e‘slz::elu%etgﬁx the origimal volume of PBS with 04 mg
i pronase incubated for 4 hat 37 °C and then heated
for 5 min at 100 °C to macuvate the pronase “This
solution was transparent at the end of ine ncubation A
fourth portion Wwas {reated 1n the same Way a5 ‘porion
three but without pronase

Intubinon by Sugars

Ths procedure was modified from Maeland (1) 2nd
carried out in two different mays Imtially sensitzed
reagent staphylococey were spun down and resuspended
1 the same volutme of PBS utha 0 28 M suzar solution
10 be tested and tncubated overnight in the cold before the
fest A control without sugar was alnays included It
was later found that the same results were obtained by

ot 117C 0046 « laciose tot 14C 1650 p-laciose lot
66C 0369 D (+) galactose lot 27C 0177 and D (+}
glacoseamme ot 25C-0286 (Sigema Chermcal Co )

RESULTS
U Description of COA Regents with Reactnity for the

hodisk Swoeitholm S eden) and for most strains atso
wh the modificatron of the Escam ffia (10} and clover
af (24) techniques They were frozen after  tyimum
 subcultures as described previously (81

niisera
Anusera aganst the MOMP strains were obtained
om rabbits and absorbed as described previousfy (21)

o agglunination

Reagent staphylococe: were prepared as described
Isewhers (6 N .
Vo
bl
- .
fesd vew previously 121) and the reactions were graded
tegative =) weak ) +) moderate {2 +) and strong or
ety strong (34}

Treatment w1tk Periodate and Pronase
1 Was carmied out essentially as described by
singelsen & Macland (1) Gonococa were grow for 20-
22 % on CMT medium and harvesied 1n 001 M
Phosphate buffered satine (PBS) pH 74 spun down at
2503 % 2o VS muin suspended ata concentrauon of
~20 mg ml ! wes weight, boiled 1n 3 water bath for 1 h
and dinded o fous postons. One porvon was spun
down and suspended 1n four umes the original volume
®Uh $ g mi §sodum meta perodate Kept in a dark
dbottle overmight at +4 oC spun down and finally
Lrsuspended 1n the onginal volume of PBS A second

Three d Antigen Classes of the MOVP Refe
rence Strains

na previcus study (21) L-RIE results puded the

of antt dies o be used

for coating of reagent staphylococes which 1o COA
tests with the MOMP reference stratns of Johnston
etaf {14) gave reacuions that fuifilled the critena for
each of the three suggested antrgen classes tentati
vely called W Jand M The reactvity patterns of
the reagents with each of the strams within these
classes are shown 1n Table 2

Class W According to the reactions with
prepared Teagents stramns in this antigen class were
divided mto three groups group I comprising
srans W 16 B2 GT ES R11 DdandV IS
group Mistrans N 10 H8 C3 X9 S12 T13
2nd U 14 and group I strams A 1and F & Steaw
W 16 reacted with one of the three reagents for W /
1and WAL b the antiserum (anti S 12) used for
the W/I1 group also contained an anubody agansta
olass M anngen Furthermore antiserum agasst
stram W 16 could be absorbed to make 1 specific
for group W /1 but not for group W /I Thus W 16
was referred 1o W/I

Class J Seven of the MOMP strains reacted with
the reagents n this cass The typreal pattern for
these strans was that enly ope or two stramns
reacted with one of the five class J reagents
tentatively designated as indicated in the table

29
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* ,ntigens responsible for these reactions thus seem
% 5 reflect wstrame ot wsetatypec spectfiaty
Class M The typecal patterns for the reagents in
118 ¢Jass were reactions With One OF MOt Steuns In
oth W/I and W/II, and for some reagents for
tsauns 1 all three W groups The seven reageats of
tass M were tentatevely designated as M/a g
Based on the suggested antigen class pattern 2
articular gonococgal sirain for etample stram
)4 could be classified as W/I J/4, M/a, b
orrespondingly, stram X-9 could be classified as
NN 49 M/3, 208 stran Al as W/ M/d.g

1Y Effect of Treasment wuth Pronase and Periodate
Some of the anugens of MOMP strains respon
able for Class W reactions were sensitive to
sronase and all were resistant to penodate The
1ntigens of the tno MOMP strais X-9 and S-12,
esponsible for §/9 and Y/12 reactwons, were
2nsiwve 1o pronase and resisiant 10 penodate The
antigens of the other strams in this class were
esstant to both propase and penodate The class M
-eacuve antigens of the MOMP stamns were
LNSIIVE Lo periodate 2nd ressstant to pronase whch
#as ysed as an additional crienon for tus class

3 COA Patterns of Selected Reference Strains with
Reagents for the Three 4ntigen Classes

Twenty nune selected gonoceal strams {for details
of source etc see Table 17 were tested by reagent
staphylococor for the three tentative anpigen classes
w Table 2 The anugen class patterns are shown 1n
Table 3

Micro-IF reference stramns (Wang et al (22)) The
reference strans for the Micro-IF groups A, B and
C reacted with group W/{ W/II and W/HH
respectively  In addition  two of the group B
reflerence strains reacted with the W/1J] reagent and
one group C stran with one of W/II reagents All
#roup B and C strains but pone of e group A
stans reacted with clasy § reagents A esght
reference strains reacted With class M Teagents 1n
Yamous combinations

According to these findings the antigen class
attern of strain Az could be described as W /T M/
3 b e scanBias Wil 311 14 Mfeand syam
Cuas W /5 11§76 M/a @

Immunoty pe reference strains (Arko et al (4}
Ereht of rhm o s cafoe =

st -

W -

el o muulhh antiserum was also found to contam
A class ) antbody reacting ®ith ths stean Stram
26‘36 reacted with the W /{IL and with one of the
‘l} /M reagents and stran WI1/ 1 witn, another W/
f_-tr\d the W /U1 reagent. These three strains gave

protection gnly 10 themselves in guinea-pig cham-
bers, while the other five stralns ¢rass reacted 10
vartous combinations {4) The ¢lose correspondance
otserved between the dlass W of COA and the
1 system 15 18 with that
observed Tor Micto-IF and the lattes system {18}

Four of the strains reacted with class J reagents
and all eight with class M reagents 1n vanous
tombinaters

Endotonn reference strams (Maeland (17)) The
three strams reacted with W/, 111, W /11 and W'/
1, and gnly one gave 2 class J reaction

Strain 8551 reacted with factors M/a, b, ¢, stran
V with M/a. d, ¢ and strain Vit with M/d Al of
these reactions %ere semstive o beriodate and

resstant to pronase The M/a reactions for strams
QEEN aed Urm = L1 & a1 = -

galactose, lactose ar glucoseamine (Table 5) a- and
B lactose had the same blocking effect. The combi-
nations of COA reactions of these three strams with
aur Mfa, b, ¢, d reageats, thew sensivity (0
penodate, resistance o pronase and mhbimon by
sugars correspond to the charactenssyics of the
antigenuc factors a¢ asand aydescribed by Aaeland
(16, 17) The M/e reaction was 10o weak to be
vehiably tested 1n the sugar mhibiuon tests, but other
characteriscs carresponded to factor a; reported by
Maeland

daid polysacchande seragroup referesice strains
(Apicella (3)) The five strams all reacted with W/J1

and Inadditan nnam S WTIT am

Leaction ol Yus strain was destroyed by propase and
thus not 4 true class M reaction Stram 4505 /Gey
reacted with A/ 6,4 ¢, butthe seactions Mfd and
M/e were destroyed by pronase and resistant to
xcxnodzts.r randﬂw:rc thus not true M reactions

' ‘ e

o
waey ald tne results of sygar mhubition tests are
shown 1 Table § The sugsc smhibiton, pasern for
each M factor cortesponds (o that found with the

enAntAy o oor o

wl
LS

.

Y

usi difjusion serolype reference strains (Gewzer
u ?)7 Tw0 strauns reacted with W/T and ihree with
W/I One stram reacted with a class } reagent and
2 stams with class M resgents 1n various

31
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nf gen Classes W J and M React ons Graded as Described n Materrals and Methods

< Acd polysacchande ref strainsd " o
Endotounsef sirans” | ST IATION 8581 PIO Gel diffuston serotype strains
wah WwhA (851 v vl [GCr GGy GCy  GCs  GCs [822/A s54/B 986/C 390/D S09/E
I Y - ~ | 3+ - 3+ - -
- - - - - - - - - - - 1+ - -
- - - - - - - ~ | 3+ -~ 3+ - -
3+ 3+ 3+ ~ 3+ 3+ 3+ - 3. - 3+ - 3. .
3 - 3+ 3+ 3+ 3+ - 3v - 3 - - te
[ R P T 3+ 24 2+ 2+ 1+ - 3 - te e
2+ |3+ - - - -~ 3s - - - - - -
. _{
- - 3e - - 24 - - -
- - 1+ - e - - - - - - -
2+ b 1+ - 3+ - - - - -
3+ - ~ 3+ - - - - -
A —
3+ 3 24 3+ 2+ 3+ 3e 3+ L3+ 3+ 3+ 3+ 3a
te 30 3s I+ 3 20 ) 2e 30 26 o T
I+ S
e 3 3+ 3 3+ 2+ - 3+ - 3+ 3+ -
o4 [ S 2+ fe e - 24 24
3+ - - - - -
- - - - 34 -
0 ebrow stra ns

»Stockhotm s ra s

14984 15057 15000 11376 1419¢ 23890




TABLE 3 Co agglutination Patterns of 29 Selected Reference Strains with Reagents for the Three Tenx

Reagent staphylococct Tentative Micro IF reference strains?

coated with absorbed anugen class | 4286 1859 1567 5293 5288 5001 5016 19s5| Immunotypereun
antt GC antibodies pattern (A (A (Ap) (B} (B By (Ci) (Cp|A/a Cic Gid )
AntE Sabsw N 10 3+ 3+ 3+ - - - - - - - 3+
Ant1D dabsw C3 W/ 3+ 3+ 3+ - - - - - - - 31+
AntuV I5absw C3 3+ 3+ 3+ - - - - - - - 3+
AnttN 10absw D 4 - - - - 3+ 2+ - -3+ 3+ -~
AntiS [2absw A1 W/l - - - — 3+ 3+ 3+ -3+ - 3+ 3
AntiU {4absw R 11 - - - 3+ 3+ 24 - - f2+ - -3
AnuF 6abs B 2&U 14 w/m - - - 3+ 3+ - 3+ 34+ -~ 1+ -
AntiD 4absw B 2&C 3 14 - -~ - - - - - - - - -
AntuU 14absw C3 i714 - ~ - 0+ 1+ 2+ - -} - - -
AniX 9absw A 1&B2  J/9 - ~ - - - - - - - - -
AnuS 12absw X 9 2 - ~ - = - 24+ -2+ = 3+
AnuF 6absw A 1&4B 2 36 - - - - 2+ - 3+ 3+ - - -
AntuC 3absw A | M/a I+ 3+ 3+ — 3+ 1+ 2+ 34 [3+ 3+ 3¥ 3
AntiD 4absw B2 M/b - 3+ 3+ 1+ 34 - - ir
AntiC labsw N 10 Mic - 2+ 2+ - 3+ - - - - - =1
Anti X 9absw C 3 M/d - - - 3+ 3+ 1+ 3+ -3+ - 3+
AntS 12absH 8 M/e 1+ - - 2+ I+ 3+ - - |2+ - 3
AntiE 5absw R 1] M/T 3+ ~ 3+ - - - - 3+ e - =
AntiA tabsw F 6 M/g - ~ - 3+ 1+ - 1+ - - - -

a) Wang er al see ref (22) b) Arko et al see ref (8) o) Maeland see refl {17) d) Apicella see ref (3)

€) Ger er set

TABLE 4 Co agglutnation Patterns of 26 Defined Gonococcal Strains Obtawned from Seatite Orebro and Stokd

Seattlec strawns

Reagent staphylococe Tentative
coated with absorbed antigen class
antt GC anubodies pattern 5029 5010 5030 5064 6208 F62 Black €M
Aot ES absw N |10 3+ 3+ 34+ _ - -
AouD 4 absw CJ w1 3+ 3+ 3+ - - - -
AnuV {Sabsw C3 2+ 3+ - - - - -
AntiN 10absw D4 - ~ - - - 3+ -
Apt1 S12absw A 1 wn - ~ - - 34 3+
ApttU 14absw R 11 - ~ - - I+ 2+ 2+ It
AouF 6 absw B2&U 14 W/l - - - - - 34 - -
AntiD 4 2bsw B2&C3 /4 - 34 - - -
AnuU 1dabsw C3 3114 - -~ I U
AnuX 9 absw A T&B2 19 - - - - - - -
Anti S 12absw X9 1712 - - - - .
At F6 absw A1&B2 16 - - - - - -
AnuC 3 absw Al !1\\(';: 21: JJ: ]J: 2]: Tl 33: -
AnuD 4 absw B2 Mie 7 T r i - * M -
AnuC3 absw N 10 Md I - - e 1 5, " .
AnuXx 9 absw C3 oA o T RSO DO M
Anu S 12absw H 8 MIT - 34 - 30 M T 3 -
AnuES absw R1I M/g 2+ e 0 - Tt - -
S,

AnuA | absw F6




) COA Fatterns of Defined Stramns from Various
ources
™ The reactivity patterns for these 26 sirawns are
hown 1 Table 4 These straws wese from
“1boratories in Seattle Orebro and Stockholm
Seatiler strans Frve reacted with W/I three
*yith W/ and one with W /1l 11l Four reacted
“vith one o two class J reagents and all reacted with
Iass M antisera n various combinations
Strans NRL 5029 5010 5030 5064 and 6218
xere non typeable in the Micro-IF (22) The first
our reacted with W /I NRL 5029 was used 0
thsorb all mouse antisera, which could explain the
100 reactrvity of the other three m Micro-IF NRL
3218 reacted 1n group W /11
»Orebro stra ns Four stramns reacted with group
W/I and two with group W/II Only stram P9
reatted strongly with a class J reagent Each of the
trams 670 E) SOA and 505 were shown
previousty 10 have stramn specific antigens (8) A
weak class J reaction was observed for SOA while
670 EJ 505 and 732 did not react in this class
Stram 732 has been found to be anugemcally
simular to stran EJ in COA and IE studies with
~ant E} and ant 732 respecuvely This 1s confir
1 med by results presented in Table 4
sStockholm strans Nine strains reacted with

rformed w h reagenis for Three Ant gen Classes W J and M React ons Graded as Descr bed

W/I reagents Two strams reacted with W /Il and
one of these with one W /I reagent. However the
antiserum used to prepare the W /1 reagent was also
found to contain 3 class J antbody agamst this

strain

Strains 14894 15057 15000 11376 and 14190
were shown previowsly 1o have »stram« speaific
antigens but only one reacted with the class J
reagents available

5)COA Parterns wuh Strains Presumed o be Idents
cal but Obtained from Different Sources
The two strains 8551 were obtained indepen
dently from Dr Maeland and Dr Apicella (Table 4)
Both gave ihe same reactions with six of the
reagents for classes W J and M The strain from
Dr Apicella gave one addiponal class J reaction
Strain NRL 6218 (C 33){22) and C 33 {5) were
obtained 1odependently from Drs  Holmes and
Knapp and from Dt Buchanan and they gave four
reactions with the same class W J and M reagents
Strain F62 (5) was obtaed from Dr Buchanan
(Table 4) from Des Hotmes and Knapp as NRL
5293 (Table 3) and from Dy ¥ ong as KF/{(4)(Ta
ble 3) The two first gave very similar reactions
while KF /1 dearty aiffered from the other two
Strain 2686/g (4) (Table 3) was obtamed from

Paen BA

Patem RC
IsoaeNo lsoaeNo
34 s 7 3 1 1 3

Pa ent Ha Pa e T8 Po emLL
fone sotate) tone sotare) 1 e
- ——
1. 1. 3.
1+ 3
, 3+ 1e/le 34

n Matersals and Mesh xds

T2

3
Iz
3



TABLE 5 Co-agglutination Patterns of the wEndotoxine and rAad Pohsacchande Reference Strains wath Clas
Reagents Effect of Treatment with Pronase and Pertodate Blocking of the Reactions %k Sugars

Reagent staphylococs Tentauve Endotoxin reference strains Acid polysaccharide reference sin
coated with absorbed antigen class 1342
anti-GC antibodyes pattern 8 v 4 4 1291 4505 sl
331 i GG GG GG 6
Anu C-3 absw A-) M/a rayshi(L}) r/s(L} - /sy sfs r/sIGL) rslll @
AnuD 4 absw B.2 M/b r/s{(L) - - rls(GL) -~ gfs(GL) sl
Anu C-3 absw N-10 M/c r/s(GL - - - - ~ sl
AnuX-9 absw C-3 M/d - r/s(NS) r/s(NS) - r/s(NS) st -
Anti 8-12absw H-8 M/e - r/s(nd) - - r/sind) s/t -
Anu E-5 absw R-11 M/ - - - t/s{NS) - ~ -
Anti A<l absw F-6 M/g - - - - - = -

) Effect of treatment with pronase r = resistant s = sensitive
 Effect of treatment with periodate r = resistant, s = sensitive
< Blocking of reactions with sugars
L = blocking of the reaction with lactose
GL = blocking of the reaction with galactose and lactose
NS = no blocking of the reactson with glucose, galactose, lactose or glucoseamtne
nd = not done

combinations Strains §82/A and 986/C were very  antisera Unique reactions are found only for
similar, as were 390/D and SO9/E All strans  554/B i class J and M for stram 390/D m ¢

were used by Gezer to absorb all heterologous M

TABLE 6 Co-agglunnation Patierns of f-Lactamase Producing Gonococeal Strams Isolated from Siv Panents Th

Reagent staphylococe Tentauve

coated with absorbed antigen class Patient HCA {solate Na

anti GC anubodies pattern 1 2 3114 15 16 17 18
AnuE Sabsw N1

AnuD 4absw C3 W/t - - - - - - -
AnuV jSabsw C 3

AnuS 12abvw AL

AnuN 0absw D 4
W/ 3+ 1+ T T 3+ 1+ 3+
Ant U 14absw R 11

AnuF 6absw B 2&L 14 W/ - -
AnuD 4absw B2&C 3} 144 - - _ _ ~ _
AnuU 14absw C1 IEAL) - - _ _ _
Anux Sabsw A J&B 2 19 - - _ _
AnuS 12absw X 9 2 2+ 24 i 3+ 1e 34 3+
AtuF 6absw A-1&B 2 s - - - - - N
AnuC 3absw Al M/a 1+ 3+ 1+ 3+ - 24
AnuDdabsw B2 Mib 34 - :+ - - _
AnuC-3absw N 10 M/c i+ - 2+ - _ - _
AnnX 9absw C3 M;d - : ;’ Jj 3+ 34 3+
AniS 12absw HE Mie - ! - - - _
AnuE Sabsw R {1 M/F - 3+ N - - 2+ s
AnuA-tabsw F 6 Mie

a) Isolate No S gavea 2+ reaction
b) Isolate No 13 gave a 2+ reaction
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[assify StrADS ¥ 10 4 e ¥
«  vedue to the fact that strain mu_sm‘ s

with caution since some of the ceagents had an
addianal acnity against propase Sensitive ant
gers 1 was of wterest to pote that stram $342
603 wad oe absorgtions by Apucella {3, contay
red foore than one M factor Sadoff ef af (201
showed by sobd phase radioimmunoassay that LPS
a0 the aud polysacchande of GCi had a broad
yeawity Noteworthy was also the broad feacuvity
st class M of stram NRL-5029 which was

. desedtabeaa tfy umique
Wang et af (22 Repeated 1sofates of f
L g d showed stable reac

Mo IF by Mark & Wang Q% F

COA rests discfimimated between the strains that
gave protection only for the homologous strain 1
the gumea pig chamber model #nd vetween \he

mun o euntary on (8 1t Was also of

Jur findings 1 ties 2nd a previous work (21)
12ated that there was a sharp antigentc demarca
a between the W¢T aad W /1l groups However
thin the groups there secemed to be a gradual
der of relatedness as judged on the basts of
elutinaung properues and groups of closely
ated strains absorbed out the anpsera of each
hes e theresore suggest that the group W/1 and
oup W /11 reactions are due to two different alter

actamase p
wons for class W oand class J while theee were
considerable variations m the class M patterns
he nomenclature Suggested n this paper should
e constdered to be tentative There will certainly be
2 nted to harmoage the Micro-IF groups and the
COA class W groups when more nformation
obtaned about these anugens We have avoded
capital letters since these are used for the capsular
antgens of N memngiidis For tiass J we have
adopted an operanonal classification With arabie
numerzls depeading on the reathion pattern Seen
with the MOMP reference stramns Yiowever s
suggested above this class may trn oul 1o e very
hererologous Arabic nymerals Tor protem anbgens
anafagous to those of N merngutds would sil be
useft! Fnally we have used smail fetters for the
class M factors

wve stntyres Propase digestion w
zated that they are baswcally of protew nature al
ough highly protected zgamnst proteotyuc enzy
e which 15 analagous 10 the mentngococcus
ajor outer membrane protems {11) We suggest
a each structure may vary (@ & fouted extent and
\rry multtple antigeme sites The variayons wipm
+{T would thea be represented by strains W 16
2GTESRIT D4V I5 Correspondingly
e varsations within W/IT would be represeated by
G HEC3 X9S812T13UI4 Thestrams
itbun W /111 might be tncluded n W /If However
rational subgrouping of the elass W groups must
wait biochemucal characterization of these anti

lens

Some of the class J reactions mught well fit 1m0

Sass W for example the reactions of D 4and V 14

T 13 and U 14 and F-6 whith are praaase siable

Many of the class J reactions have also been found

© be dependent on colony morphalogy (9) The

possible elationshre of dass J w the MOMP
serotype sysiem of Johnston ez of (14) 15 therefore

B0t chear 91 present

The class M reactions were found 1o be correlated

IR Yoty e endotoxar {17) and the acd polysas

chande systems {3) The Jormutas presented in this

rains showld however be (aken

€omi va Cund
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Dr Wong and as A-1 (1) from Dr Johnston (Table
1) The COA reactions obtamned with A-1 were also
found for 2686 /g which had one additional reaction
in classes W, J and M It will be seen that the
complete reaction pattern of this strain was very
simular to that of the two F62 strains from Seattle

The close relationship between NRL 5293 (F62)
and 2686/g and their difference from the KF/f
(F62) was also observed by Micro IF (18)

6) COA Patterns with Strains from Pauents w.h
Dis d Gonococcal Infe

Strain WJ 1/1(Table 3) 1s reported to be 1solated
from a heart vahve (4) Strains 670, 732, 23892, De
He, Ge and By were all 1solated from patients with
DGI Strain NRL 7122 15 used for the 1solation of a
principal outer membrane protein found in most
strains causing DGI (13) All these strains are
reactive with W /1 except WJ 1/1 which reacts with
W/II This 1s of interest, since DGI strams are
referred to groups Azand Ajin the Micro-IF (22),
and stramn WJ 1/11s reported to react with group B
g

7 COA Patterns wuh f-Lactamase Producing
Strans

From six pattents, without possibility of reinfec-
tion, f-lactamase producing gonococct were ssolated
during the period of the study The serological
patterns of 46 1solates from these patients are
shown 1n Table 6

Three patients (HCA, BA and RC) infected
January-March 1978 in the Far East, had the same
W/II pattern which was different from that of a
patient (HA) infected m Poland, and a patient (TB)
wfected 1n the Far East one year later

Twenty-one 1solates were obtained from pattent
HCA over a 73 day period due to repeated treat-
ment fatlures of his pharyngeal gonorrhoea All
these 1sofates had the same class W and J reactions
However there were obvtous variations m the class
M patterns The first urethral isolate prior to
P {lin produced B while the ure
thral isolate after treatment did not These two
wolates had different class M patterns The 8-
lactamase producing pharyngeal tsolate HCA 3
had the same class M pattern as the 1tral urethral
1solate and this was also true for the subsequent 11
pharyngeal isolates With ssolate HCA 15, after 53
days a continous change was noted 10 the class M
reacions which could not be correlated with

ent attempts
“eia}hT different class J and 4M fe::;iz; s‘t"m:::
TEPr

pharyngeal ioltes o ir;?ily dx?l‘erem from the

with an antibiogram mar.
urethral 1solate BA 1 and the pharyngeal 1solates

36

BA 3, S and 6 However, ssolates BA 2 and 3%
obtained at the same time from different pharyy
swabs as BA 4 and 5 Isolates BA 7and §:
at different times had antibiograms of the BA |;
BA 2 types, respectively, but differed m the
way from all previous isolates m the cls
reactions Thus, in these two patients with
suspicion of an 1nfection with more than one
the class M reaction patterns showed varsations
repeated 1solates

The Swedish consort UL of TB was foud
have Bl producing with
same class W and M pattern as TB The
reactvity of UL 3—6 with the second W/l
was confirmed with absorbed antibodies
three other strans This change occured
treatment with pnampicilin which cured
symtoms The mmitial COA pattern recurred
7-12 after treatment with spectinomycin

DISCUSSION

In the present work we have extended
studies of the serologic classification of hesk
gonorrhoeae by co agglutination (8, 21) wif
closer exammnatton of the three classes of ani¢
that we proposed previously (21} and tentath
named W Jand M Antigen class W was fount
correspond well with the three groups in the M
IF system described by Wang et af (22), and
the immunotyping system of Arko et al
Antigen class J conforms to some extent with
MOMP serotype system of Johnston et al {
while antigen class M is closely related 10
endotoun and acid polysacchande Systems
Maeland (17) and Apicella (3) We have found
agglutination to be a rapid easy and reprodu®
method for classification of gonococet atong
lines Moreover 1t can be used to study
sensitivity of antigens to pioteolytic enzymes ¢
oxidizing agents and fo study the intubmon
sugars of the reactivity of polysaccharide antige!
Most of the MOMP reference stramns were t&

in the Micro IF system by Wang (personal comt
nication) He found that strams B2 G 7 E52
R 11 belonged to group A whale strains W-16 T
and V-15 could not be classified Strams N-10 H
C-3, X-9 and A-! belonged to group B while str3
F 6 was placed 1n group C Strain T-13 was fou
to be intermediate between groups B and C but W
finally placed in group B Most of the MOV
reference strains were thus classified analogously |

Micro IF and COA with the exception of stra
AV ik we o eafaread ta W/TIT Al




716 DAand V IS whch we placed in ¥ /1 Out
Aulyre to place stram A 3w group W31 wetead of
Yroup W /11§ couid be due to the cross sesctiy of
1e Micro-IF group B aod €, reference strans seen
S7th the available COA reagens Wang s ladure 10
lassify sicams W16 D 4 and V1S by MicroAF
Toufd be due to the fact that strain NRUAAULY was
 sed 25 absorbing strin by Wang er af (2D and (s
+iram reated with our W% fuagerts
COA of the immunotyping strams of Arko et at
74) gave 3 pattern Sunilar 10 that obtamed with

with caution $ince some of the teagents had an
sdditional actvity agansy Pronast sepSive antl
gens Twas of wntertst (0 nate that stram 1342
(R vsed Toe absarpons by Apicetla (3} conta
ped mose Yan ot M oo Sadoff er of Q0
showed by sold phase radiommmunoassay that LPS
and \oe atd polysacchacde of GOy had a broad
sexaty Newgwarthy was alio the broad reactn ity
within thss M of suam NRL-S029 which was

Micro IF by Mark & Wang (18) ¥
70h 1sis Snenimineled between the strawms that
& ave protectiagt dnty far the homol strayn 1

dered to be an iy umgue
strain by Wang et of {13} Repeated wsolates of §
tactamase prods showad s1able rezc

wons for class W and class J while there were

guinea pig chatber model and berween the
uns that gave eross protechion (4} 1 was also of
P z

41 reagentts ¢ the COA tests hke grovp A strans
Jur findiags e thg 2nd a previous work 21
licated that there was A sharp antigersc demarcs
© between the W/T and W/l groups Hongver
tun the groups there seemed 1o be & gradual
3y of relatedness as pdged on the baus of
glutnating properties and groups of cloSely
'ated stramns absorbed oat the snuseca of each
her W ¢ therefore stggest that the group W/ and

ough highly protecied aganst proteolytic enzy
es which 15 analagous to the memngororcus
apor outer membrane proteins {11} We suggest
at&ach Structure may vary 1 a lunited extens and
1ty multiple antigenc sites The variatons within
+/1 would tntn ‘be represenizd by sraias W V6
287 ESR (I D4 VIS Correspondingly
¢ variatsons withs W /11 would be represented by
"WOHECIXISI2TI3 U4 Thestrasas
e W /{11 gt be tacluded 1n W/IT However
Tauoa) subgsouping of the Sass B groups must
St biothemical Charatierpation of these ant
tas

Some of the tlass § reacions mght well ff g
fass W for example the reactions of D-4 ang V 1§
" 12 and 8 {420 € 6 Which ave pronsse sube
Many of the ¢fass § reactions have alsp been Jound
@ e dependent on evlony mocphology (9} The
xssible relauonstip of class J 1o the AOMP
serotype system of Johnston ef af {14) is thereforz
ROY Clear at Present

The class M reactions were found to be correlated
“ o botly the endoonis (173 and the 2016 peiysac
charide systems (3} The formulas presaated thes
wotk for other suains should however he taken

1n the class M patterns

The nomenciature suggestsd m thiy paper Snovdh
be considered to be tentative. Thers will ceranly be
4 need to harmonze the Micro-1F groups and the
COA clags W groups when mare information 1§
obtawed abour these antigens We have avoided
caputal legters since these are used for ¥he capsulay
aatgens of ¥ memngindfis For class 1 we have
adopted an operabonal Cassificarion with arabwe
qunterdds depeading on the reacon pattern sesn
wih the MOMP reference straps However as
suggested abave this Class may turn out to be very
Dheterologous Arabic numerals for proteth anhigens
analagous ta those of & memagridis would sull be
useful Fivally we have used small letsers for the
class M factors

™
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2 path microbiol scand Sect B 88 39-46 1980

SEROLOGY OF NEISSERIA GONORRHOEAE
DEMONSTRATION BY CO-AGGLUTINATION AND
IMMUNOELECTROPHORESIS OF ANTIGENIC
DIFFERENCES ASSOCIATED WITH COLOUR/! OPACITY

COLONIAL VARIANTS

DAN DANIELSSON and ERIC SANDSTROM®

of Ctiveal and 1 logy Ceniral County Hospital Orebro and
“D of D 2nd Clinucal Sweden
Danelsson D & Sandstrom E Serology of Aersseria gonorrhoeae De b

Y
of antigenic duffe associated with colour/opactty cotonal variants
Acta path mkcrobiol scand Sect. B 88 39-46 1980

Serological of Aeisseria by co (COA) mnto previously deseribed
anugen classes W and § was confirmed 1n the present work Immunization of rabbits with classified
orgamsms gave anubodies which produced the expected results when used 1 the preparation of COA
reagents Colourfopacity colopial varants of isogemic strains characterized by stereomicroscopy Js
qpaque and transparemt respectively were found to (nfluence mrmunmaton absorption  co-

and m (IE) It was shown by COA and IE that
organsIns of opaque colomes ofien contained an exifa antigemic factons) wihich resisted heaung ®
100 °C but was sensitsve to treatment with pronase They were extracted by heanng the organisms
salme or Wwum chiondz sdhuuon Serological classification with COA of chical wsolates was
reproducible with reagents for antigen classes W and I Colony morphology dependent reactions

mostly due to organisms of opaque colomes occurred 1n 7% with reagents for antigen class W and in

20% for antigen class ]

Key words Acssera g

serology

Dan Danielsson Department of Chinical Bacteriology and Immunology Central County Hospial S-701

85 Orebro Sweden

Rectived 23 1 79 Accepled 4 x 79

By means of indirect immunofluorescence co-
h (COA) and

antigen classes fentattvely named W J and M (10}
A wide range of gonococcal strams used

€ hane previousty demonstrated »stram-speificn
\nterstram ¢ross reactive and common antigens of
whole oF disintegrated organisms of vanous Nexsse
72 gonorrhoeae strans (9 10) including the so-
<«lied major outer membrane protetn (MOMP)
reference strawos of Johnston et af (6) COA
Teagents were prepared against these strains with
wetvely 2bsorbed antbodies which permitted
separation of the MOMP strans weo three different

studies by other authors were classified
by these COA reagents (10) Strains isolated from
patents with disseminated gonococcal infection
(DG reacted consistently with reagents for one and
the same of the three groups of antigen class W
This classification was found to be reproducible
515 with identical strams obtamed from vanous
laboratonies and also wath f-lactamase producing

strains isolated on several oocasions from the same
petient

39
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Serological of Messeria g h by co (COA) 1nto previously described

2nugen classes % and ) was confirmed 10 the present fork Immunization of rabbits with classified
organisms gave antibodies which produced the expected results when used 1n the preparaton of COA
teagents Colour/opacity colopual vamants of isogenic Strans charactenzed by stereomicroscopy as
opagie and wansparent, respectvely were found @ snfluence ynmunuaton  absorpuon <o~

and m (IE) Tt was shown by COA and IE that
engatasms of opaque Coloms often contauned an =ura anbgeme facwrds) Whach tewsted heaung &t
100 °C but as sensitive to treatment with pronase They were extracted by heaung the orgamisms n
saline or thum chlopde solution  Serological ¢lassification with COA of clinucal wolates was
reproducible with reagents for anugen classes W and J Colony mofphology dependent reactsons

mostly due to organ sms of vpague colonies occurred 1n 7% with reagents for antigen class W and

20% for antigen class J
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Recened 2879 Acoepred & x 19

By means of indurect immunofluotesceece Co-
(COA) and

antigen classes tentatively named W J and M (10)
A wide range of gonoboecal sirams wsed

W have previously demonstrated wstramn-spectfice
Interstran cross reactive and common antigens of
whale or disintegrated organtsms of various Aeisse
i gonorrhoeae strams (9 10} icluding the so-
<alied major outer membrane proten (MOVP)
reference stems of Joknsion @1 al (6) COA
Teagenls were prepared against these strasms with
lectvely absorbed anbodies Which permitted
mesbosranes three dufferent

studies by other authors were classified
by these COA reagents (10) Strains tsolated from
pauents with disseminated gonococcal infection
(DG reacted consistently with reagents for one and
the samse of the three groups of anugen class W
This classification was found (o be reproducible 10
tests with 1denucal stramns obtatned from svanous
taboratonies and also with B lactamase producing

strams isolated on several occasions from the same
patent

3%



Ant1 P9 Trabsw SOA Tr

TABLE 1

Reagent staphylococe Tentative

coated with absorbed antigen class

anti GC antibodtes Ppattern W.16 B2
Anti F-5absw N-10 - 3+
AntuD dabsw C-3 W/l 2+ |+
Ant1V-15absw C-3 - -
AnuN-10absw D 4 - -
Ant1S-12absw A-l w/an - -
Anti U-]4absw R-11 - -
AnuF 6absw B-2& U-14 w/m - -
Ant1 670 Opabs w P9 Op - 2+
Anu 6700pabsw P9Tr - 24
Ant1 670 Trabsw P9 Op w/ 1+ 1+
Ant1 670 Trabsw P9 Tr - 2+
Anti 670 Opabs w SOA Op/Tre} 2 - -
Ant1 6700pabsw 670 Tr n - -
Anti SOA Opabsw P9 Op/Tr I+ 3+
Ant1 SOA Trabs w P9Op w/l 3+ 3+
Antt SOA Trabsw P9 Tr I+ 3+
Anti P9Opabsw 670 Tr - 2+
Antt P9 Trabs w SOA Op wr - ~

COA Reacnions Obrained with MOMP and Micro-IF Reference Strains and with ¢~

MOMP reference strains

G7 E-5 R-11 D4 V.15 Ni0 H§ C3 1
I+ 3+ 3+ 4 2+ - - -
I+ I+ 3+ 3+ 33+ - - -
~ - 2+ 2+ 3+ - - -
~ - - - - 3+ 3+ 34}
- - - - ~ 3+ 3+ 343
- - - - - 2+ 2+ 2%
2+ 2+ 3+ 3+ 1+ - - -
2+ 2+ 34+ 3+ 1+ - - -
I+ 2+ 2+ 14+ - - - -
t+ 1+ 2+ 24 - - - -
3+ 3+ 3+ 3+ 3+ - - -
3+ 3+ 3+ 2+ 1+ - - -
3+ I+ 3+ 24 - - - "
= = 2+ o = 24 2+ %0
- - - - 2+ 2+ 241
- - - - — 2+ 3+ 343

) Op = Opaque

) Tr = Transparent

In a previous work mmor variations in the COA
reactions were noted with some strams (3) In the
present study 1t 1s shown that such varjations can be
ascribed to antigenic differences associated with
colour/opacity variants of isogemc stramns The
reproducibility of the COA method for serological
classilfication of Netsseria gonorrhoeae 15 1nvestiga
ted as well as the incidence of reactions dependent
on colony morpholagy varants

MATERIAL AND METHODS

Netssersa gonorrhoeae Sirains and Culture

Eighty five gonococcal (GC) strains were 1ncluded 1n
the present study 27 of which were represented by the
16 major outer membrane protein (MOMP) serotype

stratns (designations See Table 1) described by Johnston
4 B £ eaference strains of

{ (14) and the
hwere used by
) stuuns of GC (3 10)
tes from

ys 1N pur Previous serological
Fiftv-eight strains were unselected clinscal 1solal

male and female patents attending the out pauient

40

€)= reactton reststant to pronase

) = reaction sensitive to pronase

departments for veneral diseases at Central G
Nospital Dreédro ana at Sodersjukhuser Sk
Sweden (34 of the strains were from two of
urogenital and/or rectal sies m 14 pattents} &
strains were 1solated and identified as described
viously (I 2)

The GC orgasusms for use tn COA tests were vl
for 18-22 h at 35-36 °C in candle jars or in 3 COY
thermostat on the colony morphology typmg me
(CMT) described by Kelfoge er af (7) The &
morphology of the MOMP strains has been dest
previousty (9) The Micro IF strams consisted of of
T2 colony variants except Ay and By which had t
accepted as colony variants resembling T3 Opaqué
transparent variants of colony morphology type T2
selected according to critersa described by Swanson'
These T2 colonies showed distunct edges by st
mcroscopy Those which were darh brown or very!
1n colour by diffusing substage mirror were opaque
by polished mirror and those which were light or !
brown by diffusing rmurror were traasparene Ur.
polished murror Both opague and transparent
colonies showed double highlights as described by /
et af (8) when ifumminated from above at an angle o



wriants of Three Isogenic Strais R

Col fopac- colonial vartants
67072 SOATL
op) Ty Op T

U4 A1 Fé

3+
34 -
-
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eactions Graded as Dexcribed sn Materual and Methods

Micro [F reference strains
4386 1859 1567 529}
(A) tap (Ap B

5016 1953
€ €D

5001
By

5288
(B

3+
3+
3+

- o~ -
o= - =7
e -~

3+
3+

36 e - - =
o~ -

Tr tdscates separa

45 °C With this flumnauon the opaque colones
12 whish coldur and the transparent ones were
s greyish on ocular mspection when the CMT plaze
s placed on the glass plate of the steeeomicroscope and
munated from below  Struns were preserved as
sepibed previously (33

stisera

Angsera against the MOMP strains were obtained
o £255i¢s as described previously (91 Antisera agatnst
C cafls of T2 opaque and transparent colomies of the
K strams 670 504 and P9 were obtaned by
nmumzing rabbits with formatin fised »hole cells ()
o o7 tach of the opague and wransparent colony
Torphology vanagts The firer daca =
ton

5e .
The . TR .

A u
any

Add wu s avsoipons Were armied oyl with heated
M hale cetls {see below) far 34 b at 37 °C for each of the.
Antisers aga1nst npaque. OF teansparent calafy Varants of
GC 670 S04 2nd P9

colomes A

Co agrlutmation

The producuan stabshization 2nd coating of proten
A<ont@ming saaphylococtt wih anmbodied and the
performance of the COA tests followed the procedures
described previously 11 3) Whole GU celis hested at
100 °C for 30 or 60 mn and 1n some experiments
bithivm chipnde or sahne extracts fsee below) were used
35 fest antipens Negative reactions Rere graded ~ weak
)+ modtezrely strang 2+ and strang of very swong
teactions 3 +

L bt et pedietined as desctibed previously (3) The
supernalany of somcated organiims (200 mg ! ¢ ner
weght)(3) saline or lithium chloside extracts Isee bedowt
were used as anugens

Preparation of Anugen Extraces

GE otganisms were suspended 1 stertle 0 15 3 safine
2 cottenrayon of 300 my mi-t and boued g water
bath for 30 min as described for pregacanon of
TRETNENoecAl group B strotype aetszens 41 The
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supernatant was collected after centrifugation at 3 000
X g for 20 mwn Correspondingly the GC organtsms
were suspended i 02 M LiCI —0 1 M Na acetate pit
5 6 and treated for 2 h at 50 °C during vigorous surrng
on a magneuc stirrer {5) The suspension was centrifuged
at 3000 x g for 20 min and the supernatant collected
Both this Lithim chloride extract and the saline extract
were used in some of the CO A and C LIE & R LIF tests
as described under Results

Trcatment wuh Pronase and Ferwodate
Whole cells heated at 100 °C were treated with
pronase and pertodate as described presiously (10}

RESULTS

1) Co agglutination Reactions with Colour/Opaciny
Colomal Vananis

Organisms of the MOMP and Micro IF reference
strains and of colour/opacity varants of three
ssogenmic GC strains were tested with COA reagents
for antigen class W (J0) and with reagent
staphylococar coated with absorbed antibodies for
the varants of the three sogenic strains  Pertinent
COA results are shown in Table !

Strams 670 and SOA reacted with the reagents
for antigen group W /1 and stram P9 with W/l
The results were simlar for the colour/opacity
colontal variants of the 1sogenic strawns It can also
be seen that strains 670 and SOA reacted with
reagents corresponding to group A strains and P9
with reagents for group B strains of the Micro IF
system of Hang et al (14) Correspondingly

reagent staphylococe: coated with ant: 670 orz [
SOA absorbed with P9 reacted with the M0
strains of antigen group W/ and group A stz
the Micro IF system and those of ant P9 i
with 670G or SOA with the MOMP strx
antigen group W /I and with two of the gr
and one of the group C strans

Table 1 shows however that these r.
patterns were dependent on the colous/o
colomal vanants of the organisms used forir~
zation absorption and co agglutination Tt
antt 670 Op absorbed with P9 Op or Tre
reactions with the MOMP strawns of antigent
W /I and with the group A strams of Microlf
expected but 1n addition also with stram $1'
group W/IE Ant1 670 Tr absorbed with P9 0
Tr reacted with group W/I strams but nor&?
was detected with § 12 This stram also 5
with ant1 670 Op absorbed with SOA OperTrt
even after absorption with 670 Tr Tt cante®
that these reagents also reacted with orgams™
670 Op colontes but not with those of Tr or¥
any of the MOMP or Mcro IF suaws T
reaction was found to be sensitis e to pronaseitt
same way as a corfesponding colony morpheh
dependent reaction noted for SOA Qp wih amf
Op absorbed with 670 Tr This reagent reacted?
MOMP strams of group W/II but also with s
B2and R 11 of W/[ and with one grospCt
two group B strams of Micro IF in addiwtt
strain 4286 of group A Anu P9 Tr did not ®
with B2 R 11 or 4286 regardless of obos®
strain but reacted with group W/II and gro)?
and C strains

TABLE 2 Demonsiratton by Crossed hue or Racket fine Immunoclectrophoresis of Anhigentic D flere
Preparations from Colour/QOpacin Colomal Vartants ¢f Isogeme Strains

GC anugens in
the 1ntermediate
agar gel

Anti GC anusera vsed
i C LIF or RLIF

Number of spectfic prectpisin Iines formed 1
C LIE or R LIE wrth
SOAT Ph

670 T2
Qo Tc Op T

Qe Tr

670 T2 Opaque
» Transp
504 T2 Opaque
»  Transp

P9 T2 Opagque

> Transp
670 T2 Opaque
Transp

670 T2 Opaque
»  Transp

670 T2 Opiguc
>

» »
» ,
, »
> »
670 T2 Transp

»

B
P9 T2 Opaque

[
|

-

(B
.
R
VO~
Wy
Ll S I 'Y

»

@) Fyg e fer 1o number of speaific p!
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\BLE 3 Co agglus naton

Tesrs of §8 Unselected Gonocorcat Siroims Drstrsbutcanr by Class W Reagents and the
nce of Colony MarpholoRy PDependent Reactions

Ocrurres
Ka%:l“: mﬁamé :x;:\uc‘;:ss COA meathon patern obtained with the 58 ssolates
coat
anu GC antibodies pattern
bsw N0 ¥y
Antt ns al »w by i N . w .
oo P . o
B
Wt il
w F& nAl&B2 w/m +
.
7 \uraher of reacung strains (UL S N NS S LN S | § 123

£ ¢ eqlony morphatogy dependent feaction
v Colopy morphotogy dependent readtions!

(Qp/Tr 3+ /1 + Ywere obtained for three strains with one of fhz feagents

5

. Dewewhole
-

Y immunoelectropheresis of ColourtOpac vy Colo
wt Varants of fsowe Soms
CLUE and RLUIE with anugen contamng
ntermediate gel were pesformed with antigen
nubody combinanions of both the opaque and
canspargnt vagants of the 1sogeic strains and the
weterotogous strams  Examples of these tests are
ummarszed tn Table 2 It will be seen that the
mugensc preparatons of 670 Op had an extra
mugen fot present o 670 Tr which © w
sgreement with the COA resulss Preparason of
670 and SOA shared cross reactive anugeas alse
»*"shown by the COA results (Table 1) The antegertic
differences between P9 and 670 and SO4 were
, Confirmed n the JE tests
The anugens responsible for the specific precips
st hnes were precint n har
o
1t

¥ © pauel s o} tnese were however somewhat

@ifferens un € LIE tests Thus somcated orgapisnts
2t a WO peak preapun hne as previously
Seseribed {3} white safme and LiCH extracts gave
vpeak previpian hints €iose 10 e anugen wel
These extracts gase the same feachons as whote
77 yoells 1 the QA tesp (Tabte )

D within Anngen Classes % and J of
Foconn 40w - .

unselected ponpeoceal strains {rom male and female
patients were 1ested wath COA reagents o1 antigen
classes W and J The W /11 reagent prepared with
ants U 14 absorbed with R 11 (see Table 1) was
excluded since 1t provided mo further information
except subdiwiston of W /T The W/ reagent

wlagetis w orgausms trom cotones wuth opague
colony maorphology However the previousty de
scribed §/6 reagent (10) prepared from ants F 6
absotbed with A {and B 2 did not show any cross
reactvity with strams of antigen glase W/ and
nas thus included as 2 new W1l reggeat instead
of that prepared from anu F & absarbed with B 2
xm; U 14 The overall results ace shaw o tn Tabtes )
and 4

Alf the 58 strams could be stassified by cliss W
feagents 26 by W /1 29 by W /1l and three steaing
by W /R Cofony morphology dependent reactians
were demonstrated for four (approx 7%) of the
stratns thres of which had the combinatton W /[-1f
or W -1 Organisms from opaque colonies were
Tesponstble for these extra reactions Only 2§ of the
SUBINS {approx A3W I wove v @
reagents Cc
‘were found
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TABLE 4 Co-agglutinanon testing of 58 Unselected Gonococcal Stratns Dustribution by Class J Reagenis ond:

Occurrence of Colony Morphalagy Dependent Reactions

1

Reagent staphylococet Tentative :

coated with absorbed antigen class COA reaction pattern with the 58 isolates ]_

anti GC antibodies pattern

1

Anti D-4 abs w B.2 & C.3 Jia + o ¢ -

» U-14 » C-3 1na + o+ o+ .
» X9 » A &B2 1/9 + ¢ -
» 812 X9 32 + + 4+ ¢ -
Number of reacting strains 1 | 7 5 | | I B B

¥ ¢ = colony morphology dependent reaction

from opague colonies were r ble for four of
these reactions

Two or threc GC 1solates were obtained from
different urogenital sites (urethra, cervix or rectum)
tn 14 patients, making 34 1solates 1n all They were
all tested by the class W/I and W/II and four class
J reagents Identical or similar COA patterns were
obtamned for all the 34 isolates by the class W
reagents, and for all the 16 isolates reacting with the
class J reagents There were only two colony
morphology dependent reactions with the class W
and two with the class J reagents One isolate
obtamned from a patient one week after the first
three positive cultures (from urethra, cervix and
rectum) gave identical results as those of the
previous 1solates

The relatively low incidence of colony morpho-
logy dependent reactions observed with class W
reagents with unselected strains was in striking
contrast to the reactions obtamed with class M
reagents active agamnst periodate Sensitive antigens
as described previously (10) A total of 14 of the 58
strains (24 %) showed colony morphology depen.
dent reactions Ien stramns {17%) gave reactions
only with orgamsms from opaque colontes and 6
stramns (10%) only with organisms from transpa-
rent colontes with at least one class M reagent Two
of these strains gave reactions only with orgamisms
from opaque colonies with some reagents, and only
with orgamsms from transparent colomes wih

fass M reagents

Olh:\;h‘;n the patred 15olates (34 strains) from the 14
ents were examined with the ¢lass M reagents
orphology dependent reactions
, differences were noted for
s from different sites of
t of the 14 pauents had
the same way with

pat
and the colony m
discussed above omitted
most reagents with stra
the same patient Eigh
stramns that differed 1n

44

org from both opaque and transpe ,
colonies 1n the isotates from different sues of8 ¢
same patient

DISCUSSION

The previously described serological classificatios
Neisseria gonorrhoeae by co-agglutination (10
confirmed in the present study We could alsosh®
that mmunization of rabbuts with orgns?
classified m this way gave antibodies B
produced the expected results when ued b
preparation of COA reagents We found, horé™
that the colour/opacity vanants of 1sogenie T
colonies, recently described by Swanson (11, 110 ¢
opaque and transparent respectively were of 1K' 3
tance when used for both immunization aid &
absorption and agglutination  Organtsms fror ¥
opaque T2 colonies gave extra antibodies
compared 10 those from transparent colonies ¢
usually more efficient for absorption, and contai®
an extra pronase sensttive anuigen factor(s) Tt
was true for the antigen classes tentatively 8eS8%
ted WandJ

‘These findings are of nterest, since Walstade1é *
(13) and Swanson (12) have shown that 0°
organisms from opaque T2 colomes of 1508
stramns contain extra protems as demcnslra(cd(A
polyacrylamide gel electrophores:s of owter B
brane preparations They do not seem 10 H
associated with pili, since they were absent 1 pld®
transparent colontes of the 1sogenic strain fab *
er af (13) and Suanson (12) also showed that ¥ *
were not destroyed by heat at {00 °C This 57
agreement with our results, since the extra 00 *
reactions of these organisms were dem o
with heated (100 °C for 30-60 min) w, -



t1s noteworthy that the use of exther transparent
opaque orgamsms was of munor importance m
paration of COA reagents for the tentatively
ned antigen class W while 1t w2s of major
portance i1n preparation of a reagent typical for
ugen class J We bave shown previously that
h teagents could be produced by absorpuon of
tbodies with straws with 2 close anugemc
atedness (10) This was confirmed n the present
stk for example by absorpuion of ant 670 Op
th organssms of SOA which were of the same W
igen class as 670 However antigen class J could
demonstrated only with organisms from opague
fones of the wogemc strains These reactions
are also found to be sensitive to pronase whichwe
d previously shown was typical for some class J
actions

Walstad et al (13)and Swanson (11 12) recently
sstutated that orgamsms of dark-coloured 1¢
saque colomes might have antigenuc charactens
s other than those of kight-cok

colonies of 1SORERIC Strains were responsibie for
yarible reactions The reasons for tus are not yet
clear, but they might be due to the clomng of
colontes withs different class M antigens rather than
an effect of colony morphotogy This was supporied
by the frequent finding of stramns from different
sites 1n the same patient with dentical and stable
class W but differing class M patterns  Further
nvestigations are needed to elucidate these masters

This work was supported by grants from the Swedish
Med cal Research Council (Project No 16X-4778) and
the World Health Organt ation W are indebted to \rs
Angela Anderssont for skilful techmcal assistance
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TABLE 4 Co-agglutination testing of 58 Unselected Gonacoceal Syrains Distribution by Class J Reagents and
Occurrence of Colons Morphologs Dependent Reactions

Reagent staphylocooet Tentative
coated with absorbed antigen class COA reaction pattern with the 58 nolates
anty GC anubodies pattern

Anti D-4 abs w B2 & C-3 174 + ¢ -
» U4 » C.3 3714 + o+ o+ -
» X9  » A J&B2 39 ¢ + ¢ -
» 5402 » X9 2 + LA
Number of reacting strains [ A A

) ¢ = colony morphology dependent reaction

from opaque colonies were responsible for four of  orgamisms from both opaque and teans’
these reactions colontes sn the solates from different sites ofi

Two or three GC 1solates were obtamned from  same patient
different urogenital sites (urethra, cervix or rectum)
in 14 patients, making 34 ssolates n all They were
all tested by the class W/I and W/II and four class DISCUSSION
J reagents Identical or sumilar COA patterns were
obtaned for all the 34 wsolates by the class W The previously described serologieal classificn’
reagents, and for all the 16 tsolates reacting withthe  Neisseria gonorehoeae by co-agglutination [{{03]
class J reagents There were only two colony  confirmed in the present study We contd shosi
morphology dependent reactions with the class W that immumization of rabbits with 7RSS
aud two with the class J reagents One isolate  clasafied i this way gave antibodics wh1
obtamned from a patient one week after the first produced the expected results when wed
three posiive cultures (from urethra, cervix and  preparation of COA reagents We found., hose
rectum)} gave identical results as those of the that the colour/opacity vanants of isopent
previous Isolates colonies, recently described by Swanson {14, 4

The rehtively low madence of colony morpho-  opaque and transparent respectively were of wnp
dagy dependent raactions ebserved wak glass W sanoe when ased Sor both MmROmIINGD and
reagents with unselected strains was in Striking  absorption and agglutination  Orgamsms fre
contrast fo the reactions obtamned with class M opaque T2 colonies gave extra anubodies
reagents active agaimst periodate sensttive antigens  compared to those from transparent cotonics w
ax duseribed previously (10) A total of 14 of the 58 usually more efficient for absorption, and conts?
strains (24 4 ) showed colony morphology depen an extra pronase sensitive antigen facyerisy T
dont reactions Ten stramns (17%) gave reactions  was true for the antigen classes tentanively dest®
only with organisms from opague colontes and 6 ted W and J
strains (10" ) only with organisms from transpa- These findings arc of interest, since )Valsmddcj
sent colones with at least one class M reagent Two  (13) and Swamon (12) have shown that .
of these strains gave reactions only with organisms  orgamisms {rom opaque T2 colontes of \\0%11
from opague cotonies with some reagents, and only  strains contain cxtra proteins as demonslra(cd”
with orgamsms from transparent colomes with  polyacrylamude gel electrophoresis of outer n‘ﬂ:
other class M reagents brane preparations They do not seem 10 .

When the paired ssolaes (34 strains} from the 14 associated with pihi, since they wc_rc al.xcm uyl)pxl,ﬁ'
patients were examined with the class M reagents

==t lane danendent reactions . .
were foted for — weie o wess vy L
ifferent sttes Of  agreement with our results, since the extra €O

mast ruge";,e;;m];;;ﬁz of the 14 patents had  reactions of these OrganIsms were demonstrat
;?&Zﬁmfhf: iffered an the same way with - with heated { 100 °C for 30-60 min) wh is
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Immunoperonidase technique together with electcon microscopy shows that ipotechowc 3ad (LTA) of
Staphy tococeus aureus Cowan 1 15 attached 1o the membrane and penetrates the whole cell wall A
diffuse zone putsige and 1o peroxidase reacuon produtt e ype wall when Whole talls were yraied
wath anubody priof to embedding may indicate (1) that LTA s exposed to reaction with anubodies
outside the wall and (1) that all of most of the anti LTA antibodies used are of the [gM class and thus
unable 10 penetrate the wall Thin secyons of swam Wood 46 showed the same picture as Cowan 1
buy treaument of whole gells before embedding gave no diffuse z0ne outside the Wall This may be due
10 3 Wieker wall 2 found by eleciron microscopy 2ndfor shortes LTA-chains of strain Wood 46 than

those present m the wail of Cowan I

Key words Staphylococeal acd

electron
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In two previous papers (19 20} staphylococeal
toplasmic membrane and Lipoteichose acid (LTA)
resolated and examned chermicalty and serology
1ty LTA was found to consttute only 2 minor
1t of the isolated the

MATERIALS AND METHODS
Sira ny

Staphy lococcus aureus stram Cowan 1 INCTC R530)
‘was used for the preparavon of protoplasts and LT4

embrane a5 zn anachment sie for LTA this
fuctuge bas been referted (028 sersbramt choe
ad{2 10 13 15) There are however observa
0s tndicating that LTA penetrates the cell watl
28 depending on the length of the glycerolphos
e backbone 55 exposed to the surface of the
wienads S 13) The Mmethod

U9 Swphle aureus sirain Wood 46 (NCTC
10344) being protein A negative was used as a control
e and source for polvsaccnarde A tpoly A}

Growth of Bactena
Blood agar sutrient broth and protoplast medyum
u;? prepared as previously described (19)
5

s tlectron microscopy (1 8) 15 utilzed 1 the
fesent study to localze LTA of Suaphylococcus
ureus strains Cowan I and Wood 46 10 order to
taide how LTA 15 related to the cell walt

Deceased fune 26t 1979

©of § aureus srams Cowan 12nd W ood
46 and rsolation of protoplasts by incubating bacteria 1n
suetose medium o which was added 1000 [U of
penicillin was carned out as earber (19)

Ant gen Preparations

Prown A poly A and LTA wmere
prepared
described 1 (7) (9) and (19) respectively =
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- IMMUNOPEROXIDASE AND ELECTRON MICROSCOPY
STUDIES OF STAPHYLOCQCCAL
LIPOTEICHOIC ACID
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The Gade Tnsurute Department of Microbrology Universiy of Bergen Bergen Morway
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and  electron

studies of 1
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Immunoperoxidase technique together with electron micToscopy Shows that Bipoteichoic and (LTAY of
Staph fococcus aureys Cowan § 15 attached to the membrane 2nd penetrates the whole cell wall A
aiffuse zone outside and no peroxdase reaction product mside the wall when whole cells were treated
with anthody prinr w0 embedding may sndicate () that LTA 15 exposed to reacuon wth antbodies
outside the wall and (1) that all or most of the anty LTA antibodies used are of the [gM class and thus
unable W penctrate the wafl Thin sechons of swzn Vood 46 showed the same picture as Cowan 1
but treatment of whole cells before embedding gave no diffuse zone outside the wall This may be due
10 a thicker wall as found by electron microscopy and/or shorter LTA-chams of stram Wood 45 than

those present 1 the walf of Cowan |

key words Staphyl acd

electron
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in two previous papers (19 20) staphylococeal
toplasmic membrane and lipoteichote 2¢id (LTAY
re 1solated and exammed chermcally and setology
lly LTA was found to copstitute only a mutor
1t of the rsolated by the

MATERIALS AND METHODS
Stratns
Staphyfococcus aureus surain Cowsan [ (NCTC 8530}
was used for the preparation of protoplasts and LTA
"

embrane as an attachment site for LTA this
“ucture has been referred 1o as membrans teichoic
@2 10 13 1S) There are however obsenva
ns indicating that LTA penetrates the cell wall
18 depending on the length of the glycerolphos
e backbone 15 exposed to the susface of the
wera (4 5 18) The immunoperoxidase method
m electron microscopy ) 8) 15 wtlzed w the
feem swdy 10 localize LTA of Staphlocoocus
“reus strains Cowan I and Vhood 46 1n order 1o
ade how LTA 55 selated 1o the cell walt

———

Dectased June 261 1979

19 s aureus stram Wood 46 (NCTC
10344) being protewn A negative Was used as 3 control
<2l) and source for polysaccharde A fpoly A)

Growth of Bacseria

Blood agar nutrient broth and protoplast medtumn
were prepared as previously described (19)

Cultvauon of 5 gureus strains Cawan I and Wood
46 20d ssolavion of protoplasts by cubatng bactera
suctase medum to which was added 1000 JU of
pemcalin was carried out as earlier (19)

Antigen Preporanons
Prown A poly A and LTA were prepared as
Gescribed 1 7) (9) and (19) respecuvely
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Sera

Antisera to LTA were produced 1n New Zealand
White rabbuts of the Insttute’s breed by injecung a
muxture of LTA and Freund's complete adjuvant (ifco,
USA)into one of the rabbit's hind foot pads, followed by
four injections given intramuscularly of a muxture of
LTA and Freund's incomplete adsuvant (Difco, USA)
Each dose contained 2 mg of antigen and was given 1n
1ntervals of two weeks

The ant-LTA serum used i the immunoperoxidase

The further treatment of the bacteria with Oy
dehydration was carried out using the methol
Kellenb et al (1) Emb took place o
Spurr medium (16)

Protoplasts had to be fired for 20 min w8l
phosphate buffer, pH 72, contanmng | pre
glutaraldehyde, [ 6 M sucrose and 0 25 per ctat S
before further treatment The subsequent steps took
1n media without sucrose as for whole cells Find't
samples were cut into thin sections of about ¢
hick ( d by reflecuon of light) wid

techmque was absorbed on a S protein A
column (14) to remove protein A reactive immunoglobu.
bins A peromidase labelled anti-rabbit IgG (heavy and
Iight chain) produced in swine (DAKO-Immunoglobu-
Iins, Copenhagen, Code P2190) was used for the
immunoperoxidase studies

Serum Tests
The peroxidase labelled serum and the anti-LTA
serum were diluted two-fold and tested with bactenial

ultramucrotome (LKB-Produkter, Sweden) and tnnd
red to grids {150 mesh, formvar coated) The gnds
treated with 2 per cent aqueous uranyl acetatt fa
min, thoroughly ninsed 1 water, and then withk
lead catrate for 15 min and washed in water

All electron microscopy was carried out ona i
HU 12A transmission electron microscope (TEa ¥
xV

Labelling of Thin Sections of Bacten1&

cells by shde aggl

tions of the sera were used 1n the experiments
Anti-LTA was tested for reaction with protein A and

poly A by agar precipitation

Embedding Medium
Spurr (epoxy) medium was obtamned from Taab
Laboratories, England (16)

H20;-Diaminobenzidine solutions (6, 8)
1} For treatment prior to embedding
75 mg 3,3-0 d {Fluka
AG, Buchs Switzerland)1n 100 m1 0 05 M Tnis HCl
buffer, pH 7 6, contatning 0 01 per cent H20;
2 - o oo

** I'ns-HCI

Chemcals

Sodium cacodylate EM, and glutaraldehyde EM were
purchased from Taab Laboratories

Sepharose 4B for the preparation of the protein A
column (14) was obtamed from Pharmacia Fine
Chemicals AB Uppsata Sweden

Peroxidase Labelling of Bacteria and Protoplasts Prior to
Embedding (8)

Cells were bated | h at room n
antiserum against LTA diuted 12 with TBS (005 M
Tnis buflered saline pH 7 6 contatning 0 25 per cent
MgSO04and 0 02 per cent sodium azide)

After washing four umes with TBS peroxidase-
conyugated swine-anti-rabbit 1¢G diluted 130 in TBS,
was added to the cells and incubated at room temperature
for 10 min, followed by washing four times with TBS
The cells were then fixed wath | per cent glutzraldehzde
1n 0 | M phosphate buffer, pH 7 2 for 20 min at 4 °C,

F
Protaplasts (8)

After fixation 1n 1 per cent glutaraldehyde 20}
cacodylate buffer, pH 7 4 (20 min, 4 °C), and %2
with the buffer (3 x | h), the cells were dehydratel2
embedded 1n the Spurr medwm, cut 1nto thin s
and transferred to gnds as desenbed earlier TheS
medium of the thin sections was etched by float
grids on drops of fresh aqueous [0 per cent 01
min and then washed three tumes m beakers of &
detonized water The grids were subsequendy e
on drops of ant-LTA serum and pcmxxd&tc—aini\‘i

the solution while strnng Antt LTA serum !
peroxidase-conjugated serum were diluted i 8 |
and 1 30 respectively

Treatment with uranyl acetate and Reynolds &
TArAE Priof W mMICTostopy was performed e '
earlier
Except for the fixatton performed 1n 0 1 M cacodit
buffer contamng 16 M sucrose and 025 per @
MgSOs protoplasts were treated ke the fOF
bactena

RESULTS

The electron micrographs of protoplasts showt
dark narrow line covering the membran¢ *
protoplasts were labelled prior to embedding*
1A) Control cells not treated with anti-LTA &%
do not show this dark line (Fig [B)
When thint sections of 8 aureus Cowan L ¥
treated with anti-LTA serum and perotd
serum, p reaction prod

1 h)in ph
4 by thorough washing 3 x
l[:xlg‘,:e Th); bacteria were transferred to the Hx02

diarmnobenzidine solution 1. incubated for 10 mmu:;e:
room temperature and washed four umes with

buffer
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cavered the whole of the cell wall i addition 0%
membrane (Fig 2A) In the absence of ant 1
serum, no reaction product occurred on the ¥
sections (Fig 2™ ™ = -
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1 A Electron micrograph of 2 S aureus Cowan { protoplast treated with anti LTA and peroudase-conjugated
11 rabbit 1gG priot to embedd ng Perovidase reaction product is seen to be present on the protoplast membrane
) x30000 B Protoplast from § aureus Cowan I not treated with anta LTA serum % 3000

t 2 A Elecron micrograph of & th n secuon of a § o

[ ureus Cowan | cell treated with ants LTA and

o :nm -r;u!rg;!‘!)é lgBGT;:;o::“zu (omor Sn PToduct seems 1o be present both throughout the cell Tall”’:;:‘a‘s:‘:;
grirage on ofa § qureus Cowan ¥ celd not treated with any LTA serum  x 80 000
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Fig 3 A Elecu

conjugated ant rrz;r;hr?llimGgr;ph ofda thin secuon of a § anrus W ood 46 cell treated with ant LTA and pr

e b 000 L0y ererudase reacuon product secms fo be present both heoughol the el vl and
1n secuon of a S anrens Wood 46 cell not treated with anti LTA serum X

Fig 4 A Electron mucrograph of 2 S at reus Cowan I cell treated with antt LTA and peroxidase. ed
-conjugat

o embedding Notice the dark zone of perotidase reaction product outside the cell wall (ar

rabbut 1gG prior t
th Ig\ immunoglobulins X 100 000 B S aureus Cowan I not treated with

which may be due to reaction %
LTA serum X 100000
o~ -
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46) gave the same resutt {Fig 3) indwavng
.:drm:in berween ihe LTA of Cowan 1 and
+0d 46
/sowan 1 cells treated wath anti LTA serum
vore embedding showed 2 diffuse 2008 outside the
ywall (Fig AA) 1 contrast to the control without
L LTA (Fig 4B) ndicaung that antibodies were
and to the bacternal surface Wood 46 cells
“yed 1 the same way did not show any
~omdase reaction corresponding 10 an anti LTA
g

‘ DISCUSSION
1z dark lime which appeared outside the proto-
.ots alter reaction with specific anttbodies (antt
A and peroxidase labelled anti rabbit IgG (see
J 1A} confirms that LTA 15 attached to the
mbrane Labelling of protoplasts on thin sechons
s pot sucgessful probably because LTA 15 easily
zased from the miembrane by washmg during
~parauon of the samples
The experiments with Jabelling of thin sections of
¢ aureys Cowan 1 showed further that LTA
rastructurally 15 Jocated both w the cytoplasmic
mbrane and 11 the cell wall (see Fig 24) Alson
n secuons of strain Wood 46 the entire cell wall
owed reaction (see Fig 3A) demonstrating cross
xcuon between LTA of the two stramns 2nd a
tas patiern of occurrence The serum employed
dno proten A or polysaccharnide A reactivity No
gluunavon of whole cells was observed (12
ution of scrumy thus maicating the absence of
glutipms
When whole Cowan 1 cells were treated with
t LTA serum prior to embedding there was fio
action on the cell wall or membrane but a diffuse
ne appeared around the external surface of the
all {see Fig 4A) This may be due to anubodies
amst LTA betng of the 1gM ctass {3 17) and thus
their sze unable to penetrate the cell wall
es of the 1gG class have previously been
o YOWD. i penersate, the wal) () Tha Gifur 1nr
R uside the wall of stram Cowan | thus indicates
=L part of the LTA reaches the surface of the cell
Atam Wood 45 Tarted to grve such a diffuse zone
he LTA molecule 15 reported to have a vanable
zu'r'nbcr of subumts 1n Paama gving Tise to

I

M 'hﬁ: wucTographs indicate that the Wood 46 cell
sxall 1s thucker than that of Cowan [ {see Fig 1A
~35A) and thic mav he tha reacan whe N1 ans 42 ~lte

all

That IgM antibodres are involved m the antt LTA
acuity 55 also mdicated by 2 weaker reaction than
pormal for IgG anubodies (8) This may be because
the peroxidase Iabelled antibodies against 1gG only
eact with the light chamns of IgV Furthermore
ivolvement of JgM antibodies n the ants LTA
response 15 discussed i (21)

The presence of LTA m the wall of § gureus
strams and the different degree of penetration are
observations which must be considered in studies
on cell wall antigens
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immunoglobulins (8 14) was applied to a Sephadex
G 200 column (3 X 45 ¢m) and eluted with phosphate
buffered saline (PBS) pH 7 2 containing 0 02 per cent
sodium azide The eluate was collected 1n 2 ml fracons
ata flow rate of 6 mlper h Fractions assumed to contain
the same immunoglobulins were pooled concentrated to
a volume of 2 ml 1n collodion bags (Sartorius Membran
filter Gottingen) and tested for reaction with LTA using
Tent 1 t ()]

To idenufy the immunoglobulin classes the pooled
fractions were tested with goat ant rabbt 183G (y
specific) and sheep anti rabbit IgM ( specific) by double
diffusion 1n agar gel Fractions were also used mn the
immunoperoxidase experiments

Countercurrent Immunoclectrophoresss (1) of the Ansy
LTA Fractions

The electrophorests was carried out for | hona 10 x
10 cm glass plate coated with 1 per cent agarose 1n 0 05
M veronal buffer pH 86 at §0 Volt per cm

Peroxidase Labelling of Thin Sections of Bacteria (5)

The bacteria S awureus strains Cowan I and Wood
46 were fixed with glutaraldehyde dehydrated embed
ded 1n the Spurr epoxy medium and cut into thin sections
with an ultramcrotome {LKB Produkter Sweden) (see
14)

The labelling took place by incubation of H30; etched
thin secuions with the pooled anti LTA fractions
followed by b: with p ant
rabbit IgG and reaction with the diaminobenzidine
solution The procedure was as described previously (5
14)

Electron mtcroscopy was carried out on a Hrtachi HU
12A transmusston electron microscope (TEM) at 100 kv

RESULTS

Two mamn immunoglobulin peaks and a small
intermediate ane appeared on fractionation of the
rabbit anti LTA serum on the Sephadex G 200
column (Fig 1 I) Countercurrent immunoelectro
phoresis showed that the fracuons A and B as well
as unfractionated antt LTA serum precipitated with
LTA(Fig 1 1) whereas fractions C and D did not
The protein A reactive immunoglobulins bound to
the Sepharose protein A column gave on testing
no precipitation line with LTA

Double diffusion 1n agar showed that the
fractions A and B contained the IgM class of
mmunoglobulins only and D the IgG class (Fig 1
I11) Fraction C contamned 1gG and most probably
also IgA but m too low concentrations to be
observed 1n double diffuston Fractton B from the
IgM peak and the fractions C and D were further
used 1n the immunoperoxidase experiments -

Labellng thin sections of bactenia w;:m On:
separated fractions showed that only those sects

54

Fas0 A B c, 0
ot Ft o
[ek]
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Fig I 1 Fracuonation of antt LTA serum oft Sa
G 200 A and B mark the IgM peak D the [gG %
fractions from regton C contamned IgG and Pf
some IgA Fractions were collected as indicated
bars

11 C P of it
LTA fractions i | per cent agarose for | h w0
veronal buffer pH 8 6 10 Volt per cm then ©
with Coomassie Brilliant Blue R (Sigma USA
upper wells contain LTA (I mg/ml) and the low¢!
the serum fractions {A B C D)and unfractionst®
LTA serum (Z}

111 Fractions A B C and D tested agamnst go?
rabbit IgG (y specific) (1) and sheep antt rabbit I8
specific) (2) i agar precipitation Glass plates coal®
1 2 per cent water agar were used The test sefd



hich were treated with the fraction contaming
M did show the presence of perovidase reaction
roduct {Fig 2a and b} Treatment of thin sections
1th the fractions € and D contamung IgG fand
robably IgA as well in C) showed no reaction Nor
'as any reaction observed by treatment of thun
octions with the peroudaseconugated serum

3
Al four anu LTA sera used 1n the experiments

Fig 2 Electron micrographs of 1mmunoperotidase
treated gun sectons of S aureus strain Cowan 1 4a) and
strain Wood 46 (b) treated wath the IgM fracuon from
Sephades G 200 Peradase reaction product 1s seen on
the cefl wall of both bacteria Treatment of thn seclions
of Cawan 1 celfs with the IgG fracton {c) gave no
petonidase reaction on the cell wafl Nagmficaion
80000 %

DISCUSSION

Fractionation of the rabbit anti LTA serum follow
edby ph prect
puation tm agar and immunoperoxidase techmgue
applied to bacterial thin sections clearly showed
that TgM & the tmrunaglobulin which mteracts
with LTA The anu LTA serum was depleted of
protemn A reacive immunoglobubns and i not
react with the wall teichore acid {poly A)

‘The 1gM peak was collected 1n two separate parts
(A and B) This was done to avold 2 possible
nterference of other serum protems or complexes
which may be present 1n fraction A However
fracuons A and B gave afenucal Tesults wn the
esperiments

The results are in accordance with other observa
uons that the specific IgA antibodies are unable to
petetrate the celt wall sn contrast to 128G ($)
Stamung 15 relanely weak dug o peroxdase
labelted ants rabbut 12G (heavy and hight chan)
Thus 1 the present experiments osly reactions
Wi hght chamns of ¥he 1gM antibodtes occurs

Ant LTA antibodies of the IgVM class are
previously seported by Wicken & Knox (11)
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especially antibodies directed against sugar moeties
of the LTA Immunoglobulins of the IgG class are
reported to be directed against the glycerophosphate
backbone (11) In the present experiments no ant:
LTA activity was observed 1n the JgG fraction Gas
hiquid chromatography showed that the extraction
procedure used to isolate LTA from § aureus
Cowan [ Jeaves the molecule mtact (12) Thus, if
antibodies against the glycerophosphate backbone
are of the IgG class, no antibodies of ths specificity
are present The degree of sugar substitution has
been shown to influence the antibody response t0
the polyol phosphate backbone (7) Furthermore,
the animal species, the vaccine composition and the
route of administration selected are imporfant
factors 1n this connection
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LACK OF EVIDENCE FOR AN ASSOCIATION RETWEEN INFECTION WITH CHLAMYD/A
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University Hospital Lund Sweden

Margh P A Using B & Sandgres E Lack af evidence for an association between jnfection with
Chigmydia trachomotis 208 Crohn's dstast 25 wndicated by mucro-immunofluoresatnce anabody tests
Acta gach microbiol scapd Sect B 88 5739 1930

A sipnficant difference has recently been reported i the occurrence of serum antibodies to the

venereum (LGV) of Chlamydia trackomans m pauems with Crohn's
isease and controls In the presest study sera from 107 patients with Crohn s disease 33 males and
74 females were tested for antibodies to £ by an jpdirect st using
o pocis of astgens These pools contuuned anugens fo inmunarypes TRIC DK and LGV 1-3
respesuvely Nome of the patients had JgM antibodies to tne orgafism J2G antbodies oczurred
signficantly more often w the female than 1n male patents No correlation could be demonstrated
between actvity and duratcon of Crohn s disease and the sesults of the antibody tests For companson
the sara of SO puerperal women were studied No difference w the occurrence of 1gG antibodies was
found between pauctts and controls nether When using the two poals of aougen thus wmdicaling that
the antbodues decacted had probably been induced by TRIC rather than LGV orgamsms Ta conclude
the study did not imdicate an assoctation between Crobns dusease and wfection with € trachomatis

Key words Crobns disease Chlamydia trachomatis serum antibodies LGV TRIC

P A Misah Instwe of Medwat Mucrobiology Salvegatan 23 S-223 62 Lund Sweden

Recuved 2u 19 Acoepted 140 70
The aruology of Crohns disease tne frequency of
luch scems on the increase (10) s unknown A vareety
Crgamsms inctuding anaerobie bacteria mysobactena
W viruses have been considersd 28 possible astiological
teats (12) Recently Schuller and coworkers (5) m the
'3 reponied that they found antbodies to Chlamydia
“ackomatts of the tymphogranuloma venereum (LGV)
Eratypes m I8 of $5 patients with Crohn s disease but
enificantly less often 1 ptsents with othes gastrointes
il dusorders and 1n healthy blood donors Frers test
Us been reported posiuve i paeots with Crohn s
baease (B)
o qalves Chlamydig psittact may cause eprtheliod
fraoulomas {1 4) The possible oceurvence of gastrotn
Asunal ifectons with € trackomans viz, the other

“Xussvely human species of Chlamydia bas so f:
{inte exploted i $ofacbeen

One husdred and seven paveats with Crohn $ disease
33 males and T4 females were stdisd Toey were
selected at randomr among the approumatly 300
patients with this disease at present under treatment at
the Depastment of lafecttous Diseases Utiversity
Hospital Lund Sweden The dugnosuc crwevia for
Croho's dssease used were the same ax those presented
elsemhere (3) Dufferentianon of the clirucal materual wta
active and non active cases was based on a combigation
of chinicat and laboratory parameters Although eonsider
able afficultes are eacountered m atemptpg to
detenmune the duration of disease 11 a given case the
oiaterial was divided o cases where there had been
symptams suggestive of Crohn s disease for three years
of longer 884 those wath Symproms of shofter duration.
Fifty puerperal women from the same hospital catch
ment regdn served as gofitrols

Sera from the patients were tested for IgM and 136G

.



TABLE JgG Annbodies to Chlamydia trachomatis i Pauients with Crohn s Disease in Relat on toSecefPa o
Duranion end Aciniy of Disease and in Puerperal Control Women

Titre of G
Duration (yrs) No of antibodies to C trachomar s
Group  Sex and activity patients
of disease studied <16 12 64 128 86 >
Patients active 0 0 0 0 0 0 t
<3
mnactive 6 5 1 0 0 0 {
males
actve & & [ o I3 o |
>3
Inactive 21 19 2 0 0 ¢t
active 4 2 0 0 2 [
<3
Inactive 16 12 3 1 0 ot
femates
acuve 10 8 2 0 0 o !
>3
tnactive 44 n 4 5 3 ot
Controls females - 50 38 6 1 0 2
antibodies 10 C rrackomans by a micro f o ¢ h was d with acute &

scence test (9) using 1wo pools of antigen One pool
consisted of antigens of C trachomans 1immunotypes
TRIC (trachoma inclusion-conjunctivitis agents) D k
and the other of antigens of iImmunotypes LGV 1-3

Crohns disease Netther drd the Jack of IgM &0

to this orgamism suggest acute infecuons wih
frachomans as bemng associated With that disease

The finding that anubodies to C frachomd §'

it more often 1n female Ut

The occurrence of IgG to C
reacting with LGV 13 1s shown 1n the Table None of
the patients had such IgM antibodies 1gG antbodies to
C trachomans occurred significantly more often 1n the
female than n the male patents No relationship was

male patents with Crohn s disease 15 in conform®
studies on pauents with no evidence of that 4 <%
The sumulanty of the result In the tests using ¥
different pools of antigens suggests that the anuk
10 the sera of the patients and control

found between the presence of and the
duration and acuvity of Crohn s disease Of the controls
16 % had IgG antibodies to C trachomarns with a titre of
>64 while the corresponding figure in the female

patients was 12%
With a few eweptions testing the sera by using the
—~— a hac mavas le Thoe

among the sera Wl
and never exceeded one dilution step
c

probably been produced agamst TRIC orgat’
Anubodies (o these orgamsms cross react proadly
LGV anugens (11)
-
The study was supported by grant 16, 04509 frot
Swedish Medical Research Council

I Eugster A A & Stor~ 4 ] inf&t

Qur findings of 0 n
patients with Crohns disease are not 1n principle
accordance wnih those of Schutler ¢t al (5) but are
mular to those of two recent reports from the UK (6

° material

cuvity of

Crohns

ew Ul ues . wrameters

the point ot ¥
disease from the P nce of serum antbodies

did not indicate that the oocurrel
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BRIEF REPORT
GROWTH INHIBITION OF STREPTOCOCCUS MUTANS STRAIN OMZ 176 BY XYLITOL

§ Assev G Vegarud and G Rolla

Dental Faculty Unsversity of Oslo Norway

Assey S Veganud G &Rotia G Grawtn whubitson of Streprococeus mutans Stramh OMZ 176 by Tybol
Acta path microbiol scand Sect. B 88 61-63 1980

f the growth of Streptococcus
reseat study showed that ¥yktoh exhubued a dose eelatad tmhibmon of

:Tm‘:u ma Bm; Heart [nfusion medium It is suggested that the mechanism involved may be an effect of
the transtocation of glucose across the bactenal cell membrane Sorbitol showed fio symlar effect but cansed
a delay 1 the reaching of the stationary phase

Key words Xyltol sucrose substtutes dental carses

S Assev Odontologisk Insurutt for fysiologt og biokjems Odontologibygnungen Blindern Oslo 3
Norway

caved 22279 Accepted 14179

Xylitol and sorbutol are used as sucrose substitutes 1n
eral sweets (0 improve dental health because of the
“ogemcity of sucrose pasticularly when consumed
tween meals There are controversial ceparts tn the
*ratwre concermng the effecs of xylitol on the growth of
~eptococcus mutans Which 15 (hought to be the primary
Jological agent of dental canes Makimen (1972)
owed that the growth of straun Ingbnitt was nhsbited

Growsh inkibition experiments § ml of a statonary
phase culture was 1moculated into 100 ml batches of
sterized (20 min 110 ¥C) BHI mediom The carbohy
drate solutsons were sterilized separately and added to the
medium o order to abtain, the cotoentcation specified
below The caltures wete then incubated at 37 °C

1 ml aliquots were drawe at zerd ume and at every
hour dunng the log phase and every second hour dunng
the stationary phase The fast aliquots were takea 26

xyutol but reported normal growth of this strain 4~§  hours after moculaen Strep mutans stean QMZ 176
onths after the continuous presence of tylitol 1n the  was grown in BHI with etther no sugar added with
lTures Growth imhibon was also seported by 2 §% glucoseadded or with 1% 4% or 5% sorbnol or
avenaar eral 11978) whereas Muhlemannetal 11977)  xylto] added

ere unabie 10 show any such effect 1 strain OMZ 176 Each series of experiments was carmed out stmula
e present srady was irutwated 10 compare the effecton neousty with medim (rom the same bateh and carbo-
€ g1owth of Strep mutans strair OMZ 176 of the  hydrates from the same sofutions

Hivon of xylitol or sorbitol to the culture media

Results
taerial and Methods The fiest seres of experiments showed that $% of
Bacteria Strepiococcus mutans SUANOMZ 176 was  yluol 1n the medium inhibited growih comparsd with
tamed from Dr 8 Guggenheim Zutich

%2 pasic BHI medium with no extra carbon Soutce
Growih med um Bacto Bramn Heart Infusion (BHI) added Addsuon of both xyluol and gucose 1o the
orumng D 16% glucose was used as a basic medium  cultures €3ve 2 veducion n growth as compared to
Carbohydrases D Sorbitol and Xytitof were purcha  addion of ghusose 2lone and the infubtton was dose
o from Fluka AB and D (+) Glucose fanhydraus)  tetated (Frg |}
rom Merck Suprlar experiments with sorbito! did ot show such
Growth measurement The growth of the cultures was  clear effects Addston of 5% sorbitol o the basic
wﬁ:\ $50 am apainst water na Zass PMQ 11 medwm gave a shghtly hugher growth afier 24 bours
although the stationary phase of growth was reached

ry






aces Havenaar R Husing Veld J § Backer Imfeld T & Hirsc R S CartesRes J1 263-276 1977

0 & deSioppelar J D In Guggenheim B (E4)  — Makinen K X 1 dent Res 51 403~408 (972 ~
£ and supar substtutes Some bacteriological Rolla G Oppermann R Bowen W Hf Clardi J E &
! 4 of sugar substitutes S Karger Basel 1978 pp  Knox K W Inpress Canes Res - Yamanaka K Arch
P 198 ~Mublemann H R Schid R Noguchi T  Biochem Biophys {31 502-506 1969

¢

-



O00gco

2 %650
20 20
1 4
15 15 4
104 10 1
q E
051 2
4
1
0 —r—- [ I v
0 4 B 12 16 20 24 h ] 2 12 1 20 A

Fig 1 Strep mutans stran OMZ 176 grown 1o BHI
with glucose and xylitol 2% 2 5% xyltol

o & no carbohydratess @-———@ 25%
glucose O O 25% glucose and 1% xyhto!
A A 25% glucose and 4% xyhtol
o X 25% glucose and 5% xyhito!

later in the sorbitol culture Addition of 1% sorbitol to 2
culture contatning 2 5% glucose showed no effect on the
final growth level The addition of 4% and 5% of
sorbitol had an mhbitory effect though this was less
marked than with xylitol (Fig 2)

Discussion
Several reports have indicated that Strep mutans 1s
unable to metabolize xyhitol whereas sorbitol 1s metabo

Fig 2 Strep mutans strain OMZ 176 grown !
with glucose and sorbrtol X% 3 5%9
A———A no carbohydrates @ ’
glucose O O 25% glicose &
sorbitol A A 25% glucose and 4% ¢
¥———% 2 5% glucose and 5% sorbitol

contarning extra glucose showed some reduc
growth and a longer time used in reaching the s
phasc but this was not as marked as I *

expertments with xylitol
‘The mechantsm of the 1nhibition described o
unknown It seems conceivable that an effect !
translocation of glucose across the bactersal oell
brane occurs either on the phosphotransferase si%
permease system or through blocking of §
sugarbinding proteins (Makinen 1978) Xyltolis!
to be 2 patent mhibitor of the D Xylose 1some!
brevis (Ye Aa 1969) It 1s not]

Iized slowly by this mucroorgamsm as by acid
m cultures (H et al 1978) Our
expeniments supported the observations of Makinen
(1972) and Havenaar et al (1978) in demonstrating a
reduction by xylttol on the growth of different strains of
Strep mutans This was particularly apparent when no
other carbon source was added but could also be
observed with glucose and the effect was dose related
Sotbitol did not show any stmifar effect m the
experiment where no glucose was added However the
as yeachs
growth was higher after 24 hours mthe sorbitol cultures
thus indicatmg some metabolzation of this c?rbon
source by Strep mutans Additton of sorbutol to cultures

62

whether or not the growth reducing effect of the
substrtutes may be of clinical sigmficance 1n thely
the oral cavity but this seems posstble

Recent research has shown that dental plaque
i the presence of xyltol exhibits changed pt
properties as compared to plaque formed in the pr
of sucrose the former bemng less adhesive an
hydrated It also contains less glucan and Jipott
acids (Rofla et al 1980) Growth mhibition of
mutans by xylitol could concervably be of sigmfica
this respect in reducing the metabolic processes occ!
n dental plaque No stmilar data are available o
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BRIEF REPORT

ND YERSiN/4 ENTEROCO
UCTION BY YERSINIA ENTEROCOLITICA A
ENTERGITOKIN TROD LITICA LIKE MICROBES AT 22 °C and 37 °C

Georg Kapperud Bjorn Peter Berdgt and Tov Omiand

Narweguan Defence Microbiological Lzbemerg{ Qslo and Zoological Insutute University of Osto
oTway

by Yersima enterocolit ca and
Kappernd G Berdal B P & Omland T Enterotoxm production

Yersinia enterocolst ca ke mictobes at 21 °C and 37 °C Acta path mucrobiol scand Sect. B 3%
65-67 1980

ms of Yersma enterocolitic and ¥ enterocolinca like mucrobes were examned for
‘\\h:u\‘b:\‘w)?ns:;dum E coft ST like enterotoxin when grown at 22 °C and 37 °C vsing Lh; mfan;
mouse assay Enterotonin production was ticated for 19 (59%) of the 32 straws examined ime o
ten sucrase non fermenting strans belonging to O serogroup 28 produced eoterotoxin at both 22 °C
20d 3t 31 9C Eaght of hese strains were obtawed {rom the testinal contents of apparently ‘healthy
Small mammals of from water samples at three different locahties 1n Norway Orne O serogroup 28
culturt was a feference straw recewved fram lnstrut Pasteur Paris With the exaeption of O seroproup
1% enterotoxuns were detected only after incubation at 22 °C The wfant mouse assay Was posive for
a1} e four clinucal ssolates belonging to O serogroup 3/botype 4 Six of 13 different reference strans

were posibve 10 this assay

Key words Yersina enterocolica enterototn

G Kapperud Norwegian Defence Muwrobwlogweal Laboratory Nauonal Insutute of Public Health

Geimyrsveies 75 Oslo 4 Norway

zved bx79 Acoepted 31 79

o previous studies we demonstrated that Yersima
*rocol iea and ¥ enterocolinica hke mucrobes are
quitous 1 both terrestrial and freshwater ecosystems
Sandimavia (2 3 4 5) A broad diversity of
ologically and biochermically different types were
fated However the smgmificance of most of thest
uns 45 2 cause of ammal or human disease 15
known The epudemtotogy/epuoatotogy of this kind
yersisions 1s sulf not completely understood

fn recent years mterest has been focussed 0n the
e Yot pathogemcaty factors among strains of ¥
ferocohsca (78 9 1) Thos may represent an
Porunt clye tawards a more complete understanding
e eprdemtalogy and esology of this sicrobial group
4ot of {8} reporind that production of E ol ST hike
Pa—— . .
1 n

P

[ T
b
Fra

in the present a pitot survey
Y enterocolitica teference straws and climeal ssolates
indicated enterototin producuon at 37 *C by one
representapve of O serogroup 28 Thus observation
prompted us [0 consides & more extensive material of this
O-serogroup

Matenals and Methods
1 Bacterial Strams

A towf of 32 cultres of ¥ enterocolinca and ¥
eaterocoliuca hike mictabes were examuned Theu sero-
Jogical propertres and source of iSolation are presented in
Table 1 The strans fafl mnto three different groups

1 Reference strains A toral of 13 type strams

Qifferent O p Y

were included  Twelve strans were receved from
Tnsutut Paseur Pans one was obamed from Dr
Winblad \Maime

2 Clincalisolases Ten chinical isolates four of which
belonged 10 Q) seragroup 3/biotype 4 (Wacers biotype
scheae} were examuned Nine strains were wolated from

65






~Enferoroxin Assay
Venterototn activify Was tested using the infant mouse
y (1) Stenle culture fitrate (0 1 ml) was injected
~ugh the abdominal wall 1nto the stk fitled stomach
2 free 34 day-old mice (NMRUBOM)sp) Injected
= were kept at room temperature for four hours The
#rmals wese killed and the enure migstne was removed
« etermine the rauo weight of mtestne to remaining
¥ weght Rauos of 2 0083 were conudered
yuve This value 15 accepted as 2 mummum for
gaonsiraton of £ coft ST enerotomin m the infant
sz assay (10

=
ults
tesults are presented 1 Table 1
he presence of £ calt ST like entéTotoun 1 culrure
ates was indicated for 19 (59%) of the 32 strams of
_s50n @ enterocolit ca and ¥ emeeroco! tica ke mucto
exammed by 1nfant mouse assay Encompassed by
ustudy are representatives of 16 O-serogroups
. bof whick showed enteromun productuon
wine of ten tsolates belongig 1o Q-serogrou 28 (suc
non fermenting) produced enterotoxia w hen cultu
at both 22 °C 2pd ar 37 °C With this exception
Totoun has demonsirable only When organisms
< grown 2 22 °C
Al the four strams belonging to O serogroup 3/
Ype 4 mere posiive for enterotoxin  Another Six
ans 1solated from human patients with gastromntests
dsease belongng to oter {4erogroups pave
auwve results
Among the 13 reference strazns examined enterowvn
> Setected Yor strains represenung six different O
Jgtoups.

cussion
Hiherto published imvestgations <oncerning entero
i producuon by Yerwinia emterocolines have not

taded O serogroup 28 This O serogroup was first
$aed mne years ago from untreated dinking water 1

Norway by Lassen () Reports of 1solation from other
countnes are very sparse

So far no pathogensc propertzes have been ascribed to
Q serogroup 28 However tus serogroup acquires a
new significance from the present study where it gave
the first known 1dication of enterotoxin producuion by
Y enteracohizca at 37 °C With the excepuon of this
serogroup Y
has been found only when Strams were grown at
temperatures lower than those prevailing m the bodies of
mammals 20d birds

For the present one should question the chmical

of ¥ produced

Despite tus 10 view of the present findings the
possibility of 2 pathogensc sole of O serogroup 28 should
be reconsidered

We want 1o thank Jorgen Lassen and Jorusn Sundat for
the clycal wsolates provided The evcellent techwucal
assistance of Merete Mathiesen 1s gratefully acknowl
edged
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human patients with gastromntesunal disease at the cal characterization has been specified elsewben
National Institute of Public Health, Oslo One strain was  Strains were stored as stab cultures
1solated from swine

3 Environmental stramns Included are nine strawns  J/f Preparation of Sterile Culture Filirates
obtained from terrestrial and freshwater ecosystems tn The strains were noculated mto 5 ml
three different 1n Norway Isol were  broth (TSB) contaming 0 6% yeast extn
made from the intestinal contents of apparently healthy  Broths were incubated for 48 hours »
small mammals and from water samples (3) All strains  rotary shaker (200 rev/mun) at room
were related to O group 28 and did not  proximately 22 °C) and at 37 °C The o
ferment sucrose All except ome stran were Voges  centrifuged (4000 rev/mun for 30 munue
Proskauer negative {both at 37 °C and at room supernatants were filtered sterilely throug!
temperature) and aesculin negative Four strams were  filters {pore size 0 45 um) Fiftrates were stc
salicine negative and exammned for the presence of enterow

The procedure followed 1n serological and brochems within one week

TABLE 1 Enterotoxin Production bv Chmical and Non Climcal Isolates of Yersina enteroccli
enterocofttica Like Microbes Indicated by Infant Mouse Assay

Enterotovin produ
Strain no Source O serogroup 22°C

96 1P Reference strains Chenchilla 4-32 -
1476 1P » Water 4-33 -
123 1P » Cow SA +
885 1P » ? 5-27 +
g2 1pP » Human 6-30 -
FY 50 » ? 8-19 +
200 1P » Human 9 -
867 IP » Human 16-29 Rh+2 -
846 IP » Human 18 -
845 1P » Human 20 +
1367 1P » Human 22 +
1474 1P » Water 28 s +
1501 1P » K 34 -
9595/76 Clinical 1solates Human 3 +
Wil » EHouman, 1 +
365/77 » Human 3 +
/7 » Swine 3 +
6526/76 » Human 4-32 -
5367/76 » Human 5 -
5831776 » Human 6-30 -
R37/77 » Human 14 -
9728/76 » Human 16 Rh+ -
R6/77 » Human NT® -
nvironmental strains Shrew 28 S- +
I;g;: Q H Shrew 28 S +
9019 A » Shrew 28 S- +
1003 A » Shrew 8 s +
10016 B » Shrew 28 s +
» Small rodent 28 S- +
9008 » Small rodent 28 S- +
1030 4 Water % s- +
G(;,g A » W ater 28 Ll +

a Rhamnose positive
b Sucrose negauve
¢ Not typeable
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A VACUUM GADGET FOR SAFE AND RAPID MOUNTING
OF COVER SLIPS ON SLIDES
WITH LIVING PATHOGENIC MICROORGANISMS

ERN\ST RASMUSSEN

Statens T Departm,

t Copenhagen Denmark

Rasmussen E A vacuum gadget for safe and rapid mounting of cover ships on shdes with fiving
pathogenic microorgamsms  Acta path mucrobrol scand Sect B 88 69-70 1980

A simple gadget 15 described for the Safe and raptd moundng of cover slips on shdes with 1nfectious
materials The instrument has worked sausfactonly in the mounting of mare than 50 000 shides

Key words Safe caver slips pathogenic microorganisms

Ernst Rasmussen Statens S Ti Dep: Amager Boulevard 80 Dh 2350
Copenhiagen § Denmark
dwed 9x79  Accepted 191 79 4 ac oe . .
Mounting of cover sttps on stides for microscopy "
olves a cerain nsk when working with snfec- 3
o
us materials Furthermore 1t 15 Sl O Cnls -

Pick up the cover ships and mount them carefully
large numbers of shdes Mo nstructions for
Mg this process were o be found n text
ks on mucrobiology and microscopy {I 2 4) To
know fedge of the writer no suitable and simple
Wument 1s commercially avalable and 1t has
N confirmed that ni masamee h Ly o
M dweden the United Kingdom or the Usa ()
safe hughly efficent and nexpensive vacuum
deet 1> presented here

CONSTRUCTION AND FUNCTION

Fig 1 Construction of vacyum gadget for mounting
cover ships For explanaton see text

mm bore I mm A tube of stainless seel H length 100
mm 3 pushed 80 mm into the other end of G F 15 2
tapered tube of plastic length 1S mm fitted to H The up
OF Fis alude uneven A siest bait £ diameter 6 mm 15
Placed 1m0 D the parton between C and F H s
connected to a vacuum oump by 1 a flexsble ube of

£ 15 OTought 10 F where it does not close conpletely
Thus saves. unnecessary suction of air and prevents noise
from sucuon If 1he up of A 1s bl
€ compariment between the
evacuated and E s released
In operauon the

scond the cover sl
Shp 18 mounted on

£0
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QUANTIFICATION OF BACTERIA IN OPERATION
WOUNDS — AN EXPERIMENTAL INVESTIGATION WITH
SWAB SAMPLING IN PIGS

i

PER OLOF NYSTROM

Department of Surgery University Hosptal Linkopmng Sweden

Nystrom B -0 Quanuficanen of bactera In operation wounds ~ an experimental javestigation with
b sampling 10 pigs Acta path microbiol scand Sect B 88 71~17 1980

v very by swab cultures of Staphvie s aureus of ol from
m@:‘iﬂ!p:;owf s“fm for assesstent of Wound contamnaton, tn elecuve surgery The maveryr
a1t declined rapudly over the furst hour Ten menutes afier seeding the wounds #1th known numbers of
actersa the tecovery was respectivety 07% 2nd 3 1% for S gureus and £ eolt Recovery was nat
* Afiwast by (e sue of the wound Syreaking the swab Onto the Culiure plate or ninsing the swab
saline and plating out the tinsing fluid mmediately after sampling resulted 1 a three to four umes
igher yield ihan by wsiig Stuares transport medwe for Yater plaung The Tesulis provide an wdicanim
of the discrepancy betwsen the number of micro-organists yecovered from wounds m electyve surgery

and the pumber of mucro-orgamisms required to Produce suppurative infection 1n experiments Gn
F ammals and 16 man

Key words Operation wounds bactena quantficaston Pigs

etved 20 v 79 Accepted 2018 79

The nisk of post-operative wound infection 1s
lated (0 intra-operatve Contamimation of the
theutaneous B ound with bactena, as shown by the
gher iafection rate 1 patents with a positve
hure from the wound on closure illon ef al
969 Davidson et al 197 Brote 1976}
Quanufication of the bactersal population tn the
ound should provide information for further
nalysis of the Fole of bacteria i the pathogenests of
ost-operative nfections However hitdle 1s known
dncerung the accuracy and sigmuficance of quanu
vt dound cultures 1n clecuve surgery though
Xpetience 1s accumulating 10 the fietd (Tayfor 1963
turke 1963 Lith eral 1970 Raaharve 1974 1976
819 Sanderson & Bentley 1976 Bardledt et ol
P78 Schebel et al 1978)

Obviowsly counts of bacteria from wound
JiWres do not represent the true qumber of

#1771 reaching the wannd i the mprse of

PO Nystrom Depantment of Surgery Uiversity Hospital S~58185 Linkopmg Sweden

surgery 1t ts unlikely that all bacteria can be
removed from the wound by the sampling device ot
can de totally transferred to the culwre medwm
The aum of ths study Was (0 give ant expenimental
account of the relationship between the wound
population of bacteria 20d the number of bactera
recovered from the woutd by quanittauve wound
swab coltures Atiempts were made 10 dentify

some of the factors which sfluence the recovery
Tate

MATERIALS AND METHODS
Pigs of the Swedish 1and cace wesghing avout 20 Xt
were hi T with end !
intuibalian was performed and@ the normat body
iemperature maiuined Physiotogical siline was snfp
sed intravenously duning the expeniments
The sides of the ammals were shaved and the skin
distnfected with 0 5% chiorbeniding 1n 70% atohod




Fig 2 Vacuum gadgel 1n operaton picking up (a)
transfernag (b) and mounting () cover shp Far detalls
see text

slip gently on to the shide (Fig 2¢) It 1s refeased fm
gadget as soon as the slide 1s not perpend cularp
gadget

RESULTS AND DISCUSSION

The gadget has been used by laboratory techn.
for mounting more than 50000 caver sip
shides with hive pathogemic bactenia The mou
can be performed gently and rapidly Theres
risk of contamination of the operator noramd
fingers being cut

The gadget can be used after a brief instructe
1s durable and can be produced at a low prie

Borge B Jargensen and J Rus Niclsen are tharied
help with preparation of the manuscnipt
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* he results are shown in Tables 1 and 2 Mean
®very was 0 7% with S aureus and 4 1% with
" oft The differences between lowest and tughest
fwery from single wounds within each expen
“yt{ien wounds same seeding) vanied from 3 fold
10 30 fold When wounds were seeded with
* x 102CFU of S aureus four out of ten wounds
e culture negative and nio culture showed more
nmwo
tecovery followed an approximately linear refa
1ship with inoculum thus suggesting that wound
jrure count was dependent manly on the wound
~ ter1al population up to 105 CFU per wound A
war regression analysis of y =log wound culture
yint o x = log tnoculum count was performed on
w expeniments with S qureus mn order to assess
prediction ecrors tavolved Roughly an allo-
nce of one logarithm in exther direction seemed to
«involved when predicting wound culture count
m noculum count and aimung at 95% confi
;1% 1n prediction Inversely when predicting
sund populatrion from wound culture count, the
“ responding margin of error was about one and
1lf logarthms  However available data did not

510’
s
10°
'
L
1
H
-
/SE
4 n*
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Sampling tame n mintes

& I Dechne in recorery with e of Staphy  xcoccus
rureu from experimental wounds 1n prgs W ounds were
xded with 12x 105 § qurews and samphing was

erfotmed with conon swatsat 2 10 30 or 60 mun afier

jroculation Each enry 1s the mean of ten wounds
7

3

L

™
8

; L\ .

\'/ \ u\

AN
N

Ciog CFU per gram wound Uasus
e
I3

+

Se

150

Fig 2 Change m wound tissue concentrauon {CFU/2)
with tme after seeding experimental w ounds 1n pigs with
enther Escherichia coli (solid line) or Staphvi xoccus au
rens (broken fine} A dechne i tissue concentration of
S aureus was observed but not of £ el

yield good esumates of the vanance components

volved and sn consequence the limits must be
taken with caution

Effect of Tinte on Recovers

To determine the recovery as a function of ume
afier inoculation forty wounds 1n sets of ten were
seeded with | 2x 105 S gureus and sampled at 2
10 30 and 60 mun respecuvely

A non hinear decline 1n recovery was observed
(Fig 1) At 2 mm mean recovery was 4 4x [03
CFU (36%) and this dechined 1o 8 2x 101 CFU
{007%) at 60 mun

Corresponding resulls were obtamsd when
wounds were seeded with £ cofi Mean reconery
was 41% ar 10 min and this declined 1o 1 §%
when sampling w2s performed 30 mun after seeding
(Table 2)

The significance of yme on recovery was
evaluated further by performing the following
experiment Stab wounds | cm n length and t cm
m depth were made and seeded by cotton swabs
dipped 1n 108 CFU per mi of exther § aqureus or
£ colt which were allowed to remann i the wounds
for 15 minutes The wounds were excised at vanious
umes after seeding and the nssue concenteauon of
bacteria was deternitned

The results show ed that recovery of § aureus per
Eram tissue dechned wtth ume afier seeding On the
other hand recovery of £ coli did Dot declme
dunng the first 165 mun after seeding (Fig 2)
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Subsequent agar skin contact cultures were negatve A
number of 4 cm incisions were made through skin and
subcutaneous tissue Bleeding was controlled by covering
the wounds with sterile gauze for five minutes

Staphy lococcus aurens (Oxford strain 209, AB Bio
disk) and four climeal 1solates of Eschertcha colt were
used for the experiments An overmght dextrose broth
culture was diluted serally 1n saline and the number of
colony forming umts (CFU) was determined by viable
count performed immediately before the experiments
Wounds were inoculated with 0 1 ml of bacterial
suspension [rom one of the dilution tubes The exact
amount of bactenal suspension was admunistered to the
wounds by micropipette and spread untformly Sampling
was performed with a dry cotton swab (Torrent Corp )
which was moved backwards and forwards several times
in the seeded wound and then streaked 1n a standard
manner on 2 9 cm blood agar culture plate The number
of CFU per plate was regsstered When growth was
heavy two representative areas on the plale were
counted and the total growth estimated as described
previously (Mystrom 1978)

In one part of the study wound tissue concentration
of bacteria was deternuned The entire wound was
excised and the skin was separated from the subcutane

ous tissue and discarded The remainng soft b
weighed and diluted | 10 (weight/volume)m the
late broth then homogentzed with rotaung kans
homogenate was diluted serally and 01ml o
dilution was spread on blood agar culture plates.(
fornung units per gram tissue were calculoid 1
1Mo account dilution cultured volume and %

sample

EXPERIMENTS AND RESULTS

Effect of Numbers of Seeded Bacteria on Rew

This series of experiments was itdd
determine the number of bacteria recowends
functton of the number of bactera ozt
to define the lower ltmut for detection of*

uon

In nine expertments with Staphy focoects 8
and four experiments with Eschenchia ool

I3

12%102to | 8x 105 CFU m 0 | miwer™
into the wounds Sampling was made afir
and the swab was streahed immeditely o

culture plate

TABLE | Quantutatine Recovery by Swab Sampling 10 mun after Inoculanon of Experimental W ounds in Pg?
Staphylococcus aureus

Recovery as pereataf é

Expt Inoculum No of Recovery per wound Y
No per wound wounds Mean = SEM CFU 1nocutum mean and R
1 12x102 10 08202 07017
2 12x 103 10 18215 150927
3 18x10% 10 137236 08 (006-19
4 10x104 9 17204333 170439
H 12x 104 10 8242157 07 (00919
6 18%104 10 279251 02 ©07-07
7 12x105 10 42342116 1 04 (00510
8 12x103 10 5872917 05 @1-10
9 18x 105 9 24892733 01 (00609

TABLE 2 Quantuatie Recovers by Swab Sampling 10 or 30 mun after Inoculation of Experimental 1 ounds ¥
wuth Escherichia coli®

Recovery as percentsgt

Expt Time of Inoculum No of  Recovery per wound "
No sampling (mm) per wound wounds Mean = SEM CFU inoculum mean and ¥
' 10 10x 104 9 6384+955 64 (17-121)
2 10 16x104 9 53324598 33(18-54
5 10 18104 10 53362801 30 (14-52
M 10 50x 104 10 183622843 37 (16-68)
30 §7x 102 10 14252200 16(11-29)

3 pt 11%105 8 20220361 2 18(06-32
g 30 11x10% 0 2338622408 21 (1135

2 Four clinecal wsotates of £ colr were used

1n the experiments

.



suative Recovery of Staphylococsus
Three D flerent Swab Hargling Procedures for Quan
WLF 4 Relatns B f sureus from Experimental # ounds it Pigt

Swab procedures

.t
Spuart? Immediatet Ronse”

N e e T

Tnoculum Do of
!;‘:2\ pet wound woungs
1 18x10% 10
2 13% 104 10
3 12x108 10
4 18%108 3
Mean

i 15 70
1 13 20
\ 36 4
! 18 35
1 29 42

Swab srared for 18~"4 hours in Stuart transpont tmedyum before stresking s ab g gulture medium
_ Sueakirs of seub oncuttuce medwm immediately after samphing
RI‘nsln\g of swabn § O mi saline foltowed by plaung of nnsing flud smmedaately alier sampling

£ (o quanusanse assessment of wound conta
12U0N 1M ElerVe IR
sery few bactera were recovered from the
unds there betng a lower rate for S aureus as
npared to E cokk The tme lapse between
\amtnation and samphing influenced the reco-
§ rate whegeas the size of the wound did not
te manner i which swabs Rere treated to release
mpled bacteria anto the culture medium s
iportant
Tty findings will be discussed affer a briel
mment on the expertmental mode)
The sides af @ no nent dad = o &

. .
peniments  \ ounds were shoculated With a Sma))
slume {0 | eil) of bacterial suspenstan A larger

+ 1und rather than the wound ussue surlace wovld
ave been sampled

Although great care was taken to standardize al)
(eps conwiderable vanatons in the results were
ncountered Even within experiments coefficient
o veration was high and reached

probably dependent on severat fattors and should be
viewed 2s secondary (0 dynamic processes waking
place 1 the wound the net resukt of which
exemphfied 1 Pg 3

A swab fakes up 70% of a bacteral mocdum
from an agar surface (Nysrrom 1978} but epake s
probably considerably loner Jrom 2 wound due to
bacterra being 1rapped n the sough wound surface

Volume distrrbutton te dilution of bactena m
the »ound flwd and passive or active penesration of
the sound surface followed by perheral disserm
natton of bacteria 10 the ussues begins Within the
first hour (Dhungra eral 19761

“The bialogical mechanisms of the interachon
betmeen bacteria and fve qssue are extremely
complex both due 1o the bacteria and to the host
and these vary for differeny bacteria and different
straims of the same bactenal species (Smuth 1976
1977) This may be exemphtfied by the differences 1in
recovery ol § qureus and E colr found m this
stugy and by Schebel ef at 11978) with other
micro-organisms

Adhesion of bacteria to animal cells 15 consdered
w0 be 2 rapid process ardh & Westrom 1976
Barselt & Duncan 1978} and appears to be a

80% In rwo experiments (not meluded) ammed at
stmatng the varnauon ten swabs were used
rimultancously 1o sample one wound Varauon
~etncen swabs was 42% and 65% Tor the two
~Ipeniments A further analysis showed that 95%
onfidence muts of one and a hatf Yogarthms m
“iher direcuon might be unobved m predicting
wound torterszt population from wound cultyre
count Varations (0 the Same sttent were appea
Tently expenenced by Schebet a1 of 11978) in &
'nmm eYpertmental setting

Tlﬂ\bw reoovery of bactera from the wound s

{ the bactena in 1ts specafic
hotope a5 well as a prerequistte for successful
mvasion of host by many bacterral pathogens
(Smage 1972 Gibbons & var Haute 1975 Eden e
al 1978) Adhesion probably takes place mn a
wound as can be wferred from studies o wound
cleansing by high pressure imgauon (Rodeheas er et
al 1975 Hameretal 1975 Brownet al 1978) in
addition to adhesion there 15 250 the posstbilnty of
aggregation or aeglutination of beciena i the
wound thus producing microcolonses grung fewer
colony forming uruts

Speatfic immunologtcal and non specafic humoraf



TABLE 3 Influence of Wound Size on Quanutatne Recovery of Staphylococcus avreus from Expertmental o
Figs by Swab Samphng

Expt Inoculum No of Length of Recovery per wound  Time of
No per wound wounds  wound mean {mm)  Mean = SEM CFU (mm)
) 10x104 9 34 17202333 0
10x10¢ 10 85 14422175 10
2 49x]04 7 42 68391836 10 A
49x104 10 83 71851118 10
3 S Ix 104 0] 41 46331076 36 \§
S 1x104 0 95 3391529 3
NS = pot signilicant

Effect of Wound Stze on Recavers

Using parallel experiments the influence of
wound size was tested by comparing the standard
wound of about 40 mm with a wound twice that
length Wounds 1n sets of ten for each size were
seeded with S aureus and sampled at 10 or 30 min

Recovery from the bigger wound did not differ
significantly from that of the smaller wound
(Table 3)

Effect of Consecuine Samplng
To determune the signtficance of the first culture
compared with a second or third culture from the

In CFU per swab

9 10

3 4 5 6 7 8

Swab rurmber
ng ten tonsecutive swabs from one
5 104 Staph lococcus aureus and
n Recovery was 0 4% after the first
covery after ten swabs was

Fig 3 Recovery ust
wound seeded with
sampled after 10 my
swab and cumulative 1€
07}y

same wound, the following experument B&H
med one wound was seeded with 7 5x10'C
and 10 min later the wound was sl
consecutive times

A Itnear decline 1n recovery was obsened
semilogarithmic system (Fig 3} Recovtd
04% for the first culture and cumulatne
after ten cultures was 0 7%

Effect of Different Swab Handling

This part of the study was aimed at determs®
the release of sampled bactersa from the swab b
three different swab handhing procedures .

Four sets of ten sceded wounds were S
with three simultaneous swabs On¢ s>
immersed 1n modified Stuarts transport ™
(Gasirmn et af 1968) kept at +4 °C and %
onto the culture plate the following day mot%
mimic the procedure used 1 clmical practet
bacteriological specimens The second swab ¥
streaked onto the culture plate 1mmediath
sampling The third swab was placed n 2 b
1 0 m! saline The tube was shaken on & ol
mixer« for one mun after which the s
squeezed against the tube wall to remove & ™
fimd as possible and then discarded The®
contents were emptied onto the culture platt »b
was roched until the fluid covered the agar surf

Immediate streaking gave a three times I
yield and the nnsing procedure a four times bl
yield as compared to storage of the swab Sty
transport medium (Table 4)

DISCUSSION

The investigation was undertaken 1n Astermint
efficacy of sampli
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defence mechamisms as well as phagocytosts and
wtracellular killing of bacteria are probably opera-
tive withn the first hour (Hohn et al 1977°, Hohn
eral 1977%)

The low recovery of bacteria from the wound and
the deching 1n recovery with time may then be
viewed primarily as due to physical factors inherent
in the sampling procedure as such and secondly due
to adheston of bactenia to the ussues volume
distribution and humoral and cellular nactivation
and destruction of bacteria

Experimental investigations in arumals (Edlich er
al 1968 Relfi 1978) and 1n man (Ekk & Conen
1957} have demonstrated the high level of bacteria
necessary to produce suppurative Infection 1n
undamaged tissue Bacterial concentrations below
105-106 CFU seem to be elinnnated without clintcal
nfection On the other hand quantification of the
microflora in the wound in clean surgery (Brrkc
1963 Lilly <t al 1970 Sand.rson & Bentley 1976)
and in potenually contamunated surgery (Talor
1961 Raahare 1974 1976 Mistrom 1 prepara
tion) has d ated bacterial pop at the
hundred level or lower and someuimes cultures are
negative while the wound 1s subsequently found to
be infected

Though potentiating factors such as sutures or
1schemia which are always present (o some extent
In operation wounds reduce the number of bacteria
necessary to produce suppuration (Efek & Conen
1957 Editch et al 1968) there 1s sull a discrepancy
between experimental and clhinrcal experience Ta
king nto account thit the detection level 1n this
study and 1n the work of Scherbel et al (1978) was
tn the range of 102 bacteria and higher as time
elapsed after contamination this would appear to
bring climical results 1n accordance with experimen
tal data

There 1s expertmental and clinical evidence that
post operative wound 1nfection may occur subsequ
ent to bacterraema due to remote nfection (Robson
et al 1973) This might explain some of the
infections n patients with negative incisional
wound cultures

The cotton swab 1s commonly used for sampling
microbiological  specimens - clmical  practice
Wound swabbng together with velvet pad imprint
(Raghave 1974)and wound 1rrigatton (Taylor 1961)
are surface sampling methods as opposed to tissue

bropsy homogenization (Arizek & Robson 1975)

which 15 @ volume sampling method Surface

sampling would appear to be the method (oRr d’;mce

for pet operattve use 10 elective surgery (Raahme

1974) " s
esent evidence

of ,:)raclena does not differ much by

gests that the recovery rate
the various

surface sampling methods but modificatoss
aim at increasing the uptake of bactera fox
wound or the collection of bacteria from
sampler are important in mncreasing the ses
of the methods (Raahme 1974 19752 B
Scheibet et al 1978 Mystrom 1978)
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STUDIES ON FUNGAL FLORA IN HAIR
FROM DOMESTIC AND LABORATORY ANIMALS
SUSPECTED OF DERMATOPHYTOSIS

1 Dermatophytes

RIITTA AHO

Depaniment of Aficrobiology and Epizootology College of Veterinary Medicine Helsinki Finland

Aho R Swdies on fungal flora ta har from domestic and laboratory ammals suspected of
dermatophytosis 1 Dermatophytes Acta path microbiol scand Sect B 88 79-83 1980

Hayrsamples of domestic and laboratory ammals suspested of dermatophytosts were examined for the
presence of dermatophytes A mutriionally poor base medmm developed by the author was successCully
used 10 the 1solation and i of Casein mediem with vitamins
and Sabouraud liquid medium were used n special cases Dermatophytes were isolated 1n 36 of 331
samples (10 9% ) The dermatophytes recovered were Aficrosporum cams 13 isolates from cat 4 from
dog ) from horse Trichphs ton mentagrophstes sar granulare 3 wolates from dog 3 from horse 2
from guinca pig and 1 from tabbit Trichophyton terrestre 1 1solate from dag Eleven of the {3 feline
wsolates onginated from house cats and the relauve frequency was higher among the purebred cats

Two of the cat rolates were connected with human dermatophytosss

key words Dermatophytes fungal diagnostic medium fungal zoenosis

and

R Ao of
Helunki §5 Finland

“epied as submitted 31 1% 79

Durmatophytosss a fungal infection of the
ratimzed layer of the skin hair and nads s
wsed by dermatophytes of the Microsporum
nich pinton and Epidern pinton families Accor
ng 1o Al (23 21 Trchiphsion and 15§
Yicr sy rum species ace known of which at least
t are pathogemc to man o ammab or boih
riderntpin i n floccosunt 1s pathogentc to humans
W seldom reported to be pathogenie to anymals (1)

A few reports have been published on amimal
ermaophytosss 1 Finland dunng the last three
wcades (1622 23 2

The present miestigauon was undertaken to
toddae the accurrence and smportance of d.fma
©oPhy10an 10 domeshie and laboratory ammals 10
swhand and forms pan of a more comprehensine

Mudy on fungal flora of skin 1 suspected cases of

‘rmatophytoss
~~

Tollege of Vererimary Mediaine P16 00551

MATERIAL AND METHODS

An appeal fo vetennanans to send diagnosic matenial
was published 1n the Journal of the Fintush \ eterinary
Association \o 4 1977 The instructions were those
su.ggaled by Muller & Kirk (19) \eteninacians were

w pa M1 Microbiology and Epizootology at the
College of Lererimary Mediwe Hetunka O the 331
samples submtted (83 ¥} were sent by 27 veterinanians
from greater Helunki (249 from smalt ansmals 3 from
laboratory amumaty 2) from large ammals) The 56
amples (17% ) from other parts of Fintand included 50
from southern Finland other than Helswks 3 from
South-eastern Fintand and 3 from western Fintand (28
from smafl and 28 from large anmal<)

The source of samples according to animals species ts
£nen in Table | Nail as well as hair samples were
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STUDIES ON FUNGAL FLORA IN HAIR
FROM DOMESTIC AND LABORATORY ANIMALS
SUSPECTED OF DERMATOPHYTOSIS

1 Dermatophytes

RUTTA AHO

Depariment of NI crob ology and Epizootology Coltege of Veterinary Med cne Hels nki Fintand

Abo R Sudes on fungal fora s har from domestc and laboratory an malfJ s‘s)\nswc\cd of
germawophylos s 1 Derma ophytes Acta path microb ol scand Sect B 83 79 83 1

of domestic and labora ory an mals suspected of dermatophysos s were exam ned for the
:;‘raes::g:::’aermawphyus A nutrt un:yny poor base n ed um developed by the author was successfully
used 10 the sola on and tdenufcation of derma ophytes Case n med um supplemented W IB vitam ns
and Sabouraud 1 qud med um were used n specal cases Dermatophytes were solated 1n 36 of 331
samptes (10 9% ) The dermataphy es recovered were Af crosporun ca 5 13 isola es from cat 4 Irom
dog 1 from horse 7 choph on men agroph es ar granulare 3 sola es from dog 3 from horse 2
from gunea p g ard t from rabby Tr haph on erres re ) rsolae from dog Eleven of the 13 fel ne
solates or g na ed from house cats and the relat ve frequency was h gher among the purebred cats

Two of the o3l solates wese tonnecied W in human dermalophytosss

Key wo ds Dermatophyies fungal d agnostc med um fungal Zoonos s

R Aho Departmen of M crob ology and Ep 200 ology College of % eter nary Med cine PL 6 00551

He nk 55 Foland

epeda b ed | X7
Durmatophytos s a fungat snfecton of the
ratnzed layer of the skn har and pals s
ued by dermatophytes of the ¥ crosp r mr
bopr onandkpder plogglamles \coor
g to A OV 20 Trd phier and 1S
«F speru g speces are known of which at least
\ are pahogenc t0 man or an mah or bath
pdrm pborafike s pois pathogen ¢ to humans
u Mefd m reporied 10 be pathogen 1o an mals (1)
N few Teports have been publt hed on an mal
wrimmophyios s an Finland durny, the last three
ecades t1e 1Y 3 09
The prevent nvest gaton was undestaken o
Yuidate the accurrence and tmportance of derma
OFMos S i domestt and laboratory an mabs
whamd and forms part of a more campreliens 1e

udy on fungal flora of skin 1 suspected cases of
Jaresatophyton s

MATERIAL AND METHODS

An appeal to veier nanians 1o send d agnost ¢ matenal
was pub! shed 1n the Journal of the F nn sh \eter nary
Associaton No 4 1977 The nstrucuons were those
sugges ed by Muller & A rk (19} Veterinac ans were
asked 1o Wipe the coat w th wa er or 70% ethadol store
Ahe samples in 4 refr gerator and send ther once a week
1 the Jaboratory Samples were collected by seter nar
ans between Ap 11977 and May 1979 and sent to the
Department of \l crob ology and Ep o0 ology at the
College of \ete nary Medcne Helsnki OF the 331
samples subm ried {83 ¥ ) were sent by 27 setennanans
from grea e Hieks nixs 124% from small an mals 3 from
Lboratory anmals 3 from large an mals) The 56
samples {17 } from o her pans of Fintand nciuded 5O
from southern F nland other than Helynky 3 from
sout h-eastern F ntand and 3 from westetn Fyntand (28
from smal) and 28 fcom large an mals}

The source of samples accord ng to an mals spec es IS
€ven o Table | Mad as well as hair samples were
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ific Distrbutiont of Dermatopiytes in Dog and Cat

TABLE 2 Age Spect

rmatophytes ssolated by age group

et T e T
tota)

<1 yeaar 1 2 years 34 years >4 years age Unknown

%
al Le % e % me% w7

= PR oo+ %

172 118 42 3 071 45 22 98 2 20 400 206 SJ 2)]9]
43 7 538 18 2 Ml § 22 20210 290 61t

TABLE 3 Sex Specic Distehution of Dermaiophyies i Dog and Cor

Female Mate Total Sex unknown
':’ n * ¥ n o+ % no+ 3 L %
* oy 3é 83 4 42 194 7 36 [ 83
et
:::nwd 20 Q 30 0 5 0 Q
25 4 160 12 8 250 512 2 4 1 250
dayed/

astrated s 0 @ 9 9 4 “ e 0
e ——

£ ubgroup included in ihe proup above
-

' TABLE 4 greed Specsfic Disiribunion of Dermatophies in Cat

* Qecurrence of dermatophytes
M Distribunon by breed n Summary
a + % n + %
miestic shor baur cats 39 N 128 39 s 128
Tebred cats 2 8 64
Persan s 3 133
< Cotorpoint RFsiaR 1 g [
Somese 2 1 50
Burmese 2 ) 50
Rex ) 1 100
< Ahessman Ve °
at

o 13 013

Tt atso on the base medium but quikly grovang

Of 32 ammals treaied with anufungal drugs be
ontamnants soon interfered with the growth e

1he examinatton two cats and one dog tested

W not vm:l worthwhule bt;:h;mt(nt:c ky of pQS\\“‘c -
use of sty o 0120 CAses PRIS Wete xamned man

fores 1n specimens from cases of dermatophytoss  of the pet owners dermazophyn:x’:;l m‘)li‘h\:ecgﬁ

‘Eg p;ﬁ\ﬂ\t st ongiated i towhS and  mfecuons of 1w o pet owners {diagnosed by physict

sages of southern Finland eveept for one M cams  ans of the Helsink: University Hospigal) and therr

-~ ole Stomm ROTSE and ihtee T verrucosum 1SOlA1ES Cats were culiurally proved to be caused by M canis

Fom com #hich were sent from western Finkand  Six of the ow ners w ere demonsteated 1o suffer from

¥
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recenved from two dogs No dilferences 1n quality of
samples of small ammals could be seen wih the naked
eye but approximately one third of the samples of large
anmmals were distnctly dusty This was venfied by
pi of native prep

Of the 206 dogs examined 188 were purebreds 12
were mixed breed and 6 were of undesignated breed The
most common breeds Were German shepherd (13 dogs)
Westhighland white terrier {13 dogs) cocker spansel {12
dogs} and dachshund {9 dogs) The breed distnibution of
cats can be seeh in Table 4 Age and sex distribution of
cats and dogs examined 15 displayed Tables 2 and 3

According to information supplied with the spect
mens 12 cats 18 dogs and 2 guinea pigs had been treated
with Tocal or systemic anufungal drugs in the two
months before the fungal examination In ten cases the
pet ow ner was suspected of having dermatophytosis and
the pet was examined mainly for this reason All these
animals were reported 1o show at least shight symptoms
Some of the amymals exanuned apparently had other
diseases seven dogs and three cats had symptoms of
hormonal imbalance one dog diabetes mellitus one dog
acanthosis nigricans and four dogs demodicosis

Natwve preparations ol each sample were mixed with
potassam {5 g} plycenine (25 mi) disbitfed water {20 mi}
solution and applted to the object glass and exarmned by
a phase contrast microscope About twenty hairs of each
sample were cultivated on a base medium developed by
the author (5 g glucose § g peptone 15 g agar 1000 ml
distitled water 20 ww/ml pemicillin 40 ru/m! strepromy
can pH=66) Nal samples were hept 10 munutes m
70% ethanol then cut into small pieces and mounted on
the base medium Besides the base medium hatr samples
of cow were also mounted on Casein thianune inosttol
agar (8) and Sabouraud hquid medium (25) and harr
samples of horse on Casein macin acd agar (8) The
ncubatton temperature was + 32 °C except for the cow

hair cultures which were incubated atboth +2
+35°C The laboratory »as equipped winth
Plates and hquid medjum cultures »ere inwvbat
6-8 weeks [ necessary and examined veny f o

RESULTS

The distribution of the materal by ansids
and the dermatophyte 1solates by species s
ted 1 Table | Dermatophytes were
har samples (109%) The tho nal &
exammed were negatne The age and s
frequences of feline and camne defTualopt e
gnen 1n Table 2 and 3 The breed &
distrsbution of dermatophytoss in cats 8k
in Table 4 Dermatophytes of dogs wert &a
from seven purebred dogs {twice 10 fachehy
once 1n heeshond German shepherd 1+
doberman and boxer) 1n one positive t3se!
was not known Fifty mine of the 61 st
were house pets The two strays exammnal{
positive
The nutritionally poor base medim &S
fully used 1 1solatton and identification of
T mentagroplytes and T terrestre The g
these species was detected within 47 &
typical spores and pigments were produced |
5—14 days Contammant fungi e g Aspergl?
Pemcilliimt spectes grew slower than i n
nally rich Casenn agar T rerrucosum (82
was most successTully isolated on Saboud®
medium and 1n one case only on Casest (¢
1nosttol medium T 1erricosum a5 2 SO%§

TABLE | Occurrence of Dermatopintes i Hawr Sa nples by Spectes and Host

Number of .
antmals Microsporum  Trichophijton T verrucosum T 1errestre Pf’ pos
exrmned canis mentagrophytes :
Dog 206 4 3 ; ) ;;
Cat 61 13 3 - ! 3 |
Horse 27 1 3 - ;i I
Cow 19 _ N ; ] 16 |
Guinea pig 10 - 2 3 - 60{
Rabbit : _ h - - l _
Cagebird 3 - N - - :
Goat 1 - - N - :
Chocilla i : : : : :
Rat I - - : :
Mink I - - - ) :
Lesser panda 1
(Aulurus fulgens)
33 18 9 A ; -
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T mentagroplytes nfection, but the same agent
coufd not be 1solated in the har samples of their
pets In two suspected cases, fungal examination
proved negative both 1n humans and ammals

In four cases of T verrucosum 1solation in cattle,
an outbreak of dermatophytosis on the farm was
chnically reported A M camis infection i horse
was connected with a stable epidemic of dermato-
phytosis, apparently ntroduced by a five-year-old
stallion and spreading to two foals

DISCUSSION

The nutritionally poor base-mediym was developed
by the author with the 1dea that such a medium
would favour the development of the {fruit bodies
which are valuable to the identification of the genera
(7) From this pont of view the medium proved to
be successful (unpublished preliminary results) To
what extent the lack of nutritients 1n the medium
influence the spectrum and proportion of dermato-
phytes and contammnants cannot be more exactly
estimated before comparatuve studies have been
carried out However, dermatophytes which need
vitamn addition for quick growth, eg T serruco-
sum presumably are unable to compete successfully
with quickly growmng fungt The addiion of
¥ de to the b: dium might also be of
value 1n preventing the overgrowth of contami-
nants This will be studied 1n the future
Whether and to what extent the method agplied,
espectally the collection and handling of samples led
to false negauve findings 1s one of the most
smportant considerations as regards the reltabihity of
the results The great amount of contamnant fung1
i some of the spectmens, especially those from
large ammals must have had a preventive influence
upon the growth of dermatophytes Fast growing
fungt which addinonally may possess antagonistic
properties greatly inhibit the growth of slowly
growing spectes The ume between obtaining the
sample and cultivaung 1t was fess than two weeks
which probably had no mfluence on the viabyiity of
dermatophytes (12 19) But many contanynants
could have grown durmng the mailing period
suppressing the growth of the dermatophytes
The collectton of sampies from anttals with only
shight symptoms would have been better carred out
by the Machenzie hasrbrush-technique {3)
Antifungal treatment of ammals before examuna
tton naturally may have fluenced the results m
espective cases However Wright (26) has presented
evidence that even after 8 weeks treatment with
gniseofutvin, 1solation of dermatophytes may stll be

possible

%2

According to Muller & Kirk (19} youg
most frequently suffer from dermatophyt
our matersal only 8 3% of dog harr sam
21 3% of cat hawr samples came from an
than one-year old, but the highest
dermatophytosts was nevertheless found §
sex disposition could be statisycaly p
dermatophytosts of dog and cat, but derms
s1s was found 1n 36 4% of purebred cats
compared with 12 8% of domesyc short
examuned (X2test p<<005) This mayde
the contacts with other cats in cat shows ,
mating, etc Kushida (14) has notied {
breed disposition No stgnificant breed s
n relative frequency of positive dog isol
found

The results of this study are 1 the ma
to those published earher (3, 4, 6,10 1
15, 17, 18, 20, 22, 23, 24, 26) Somh
reported M cams-eprdemuics 1 outdoor &t
Turku (south-western Finland) In the pres
based on a different approach, 11 of the )
feline dermatophytosis were found 1 o
All the cases of canme dermatophytoss?
found m famuly-dogs Indoor pets eSpict
bred cats and dogs, have elsewhere been e
be infected by M cans (4, 10, 11, 19)and
has been considered the most common ¢
important zoonosis dermatophyte in Cals
The zoonosts character of M cams 1l
additional support from the present 1e
failure to demonstrate T nteatagrophi és.
I pets of 6 verified human cases even !
least shght symptoms of skin disort
reported may reflect either negatvity oft
the source of infection or nonsensiivt
1solation procedure

The importance of T ferresire 10
dermatophytosis has been discussed b
authors Although thus species has 607
considered an apathogenic, geophitic der™
Gtp (9) and Connole (5) have reported 15 ¢
to cause ringworm-like lesions Salonct
reported 1t 1n Finnish soil In ths study o8
terrestre-isolation was made and 5 B
signtficance 1s uncertatn
-
The Finnish Foundation for Veterinary Medint
ted the work with a grant
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T mengagrophy tes anfection but the same agent
could not be 1solated mn the harr samples of therr
pets In two suspected cases fungal examination
proved negative both 1n humans and animals

In four cases of 7" verrucostn 1solation in cattle
an outbreak of dermatophytoss on the farm was
chmically reported A Af cams nfection 1 horse
was connected with a stable epidemic of dermato
phytosis apparently introduced by a five year-old
stallion and spreading to two foals

DISCUSSION

The nutrinonally poor base mediwm was developed
by the authar with the 1dea that such a medium
would favour the development of the fruit bodies
which are valuable to the identfication of the genera
(7) From this pownt of view the medium proved to
be successful (unpublished preliminary results) To
what extent the lack of nutritients 1n the medium
nfuence the spectrum and proportion of dermato
phytes and contamunants cannot be more exactly
cstimated before comparative studies have been
carrted out However dermatophytes which need
vitamin addition for quick growth eg 7 ierruco
sum presumably are unable to compete successfully
with quickly growing fungt The addition of
cyclohextmide to the base medium mught also be of
value wn preventing the overgrowth of contamm
nants This wall be studied in the future

W hether and to what extent the method applied
especrally the collection and handhing of samples led
to false negatve findings 1s one of the most
important considerations as regards the rehability of
the results The great amount of contaminant fungi
1n some of the specimens especsally those from
large ammals must have had a preventive influence
upon the growth of dermatophytes Fast growing
fungt which addittonally may possess antagonistic
propertes greatly mhibit the growth of slowly
growing species The time between obtaming the
sample ind cultvating it was less than two weeks
which probably had no mfluence on the viability of

According to Muller & Airk (19} sounge.
most frequently suffer from dermatophe
our material only 8 3% of dog harr sy
21 3% of cat hatr samples came fromanm
than one year old but the hiehest ok
dermatophytosis was nevertheless found the
sex disposition could be statisucally pre
dermatophytosis of dog and cat but derma.
s1s was found n 36 4% of purebred caser
compared with 12 8% of domesti shorth.
examined (A2 test p<00S} This may é~
the contacts with other cats 1n cat shows.gfv"
matng et¢ Aushida (14) has nouced 8¢
breed disposition No significant breed [
in relative frequency of posine dog 102
found

The results of this study are in the mxA%
to those pubhished earlier (3 4 6 101} \
1S 17 18 20 22 23 24 26) Sonch(
reported Af cams-cpidemics in outdoot ¥
Turku (south western Fintand) In thegrest
based on a different approach 11 of the 138
felime dermatophytosis were found in hove
All the cases of camne durmatophytosis 3¢
found 1n family-dogs Indoor pets especidd
bred cats and dogs have elsew here been e

be mfected by Af cams (4 10 11 19hand¥
has been considered the most common 3%
important zoonosts dermatophyte 1 &t i
The 200nosis character of ¥ cams infea?
additional support from the present rauft‘
faslure to demonstrate T mentagroph s
in pets of 6 venfied human cases ¢ven I
least shght symptoms of skin disordf
reporied may reflect either negatvity of tht
the source of Infection or nonsenstniy
solation procedure

The mmportance of T rerrestre 9 ¢
dermatophytosis has been discussed b
authors  Although this specres has generall
considered an apathogenic geophilic dermat¢
Gipr (9) and Conniole (5) have reported 1ts &
to cause ringworm like lesions Salonen {2
reported 1t tn T'tntush sonl In this study onfy
terrestre was made and is pat

dermatophytes (12 19) But many
could have grown during the mathng period
suppressing the growth of the dermatophytes

The collection of samples from animals with only
shight symptoms would have been better carrted out
by the Mackenzie hairbrush techngue (3)

Antfungal treatment of animals before examina
gon naturally may have influenced the resufts i
respechive cases tawever M right (26) has presented
evidence that ever after 8 weeks treatment “’ lé:
gnseoﬁxlvm 1solatton of dermatophytes may sl

possible
L'yl

sigmlicance 1s uncertamn
P
The Finnish Foundanon for §eterinar, Mcdicne$
ted the work with a grant
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EXPERIENCE WITH AN INDIRECT (PASSIVE}
HAEMAGGLUTINATION TEST FOR
THE DEMONSTRATION OF RUBELLA VIRUS ANTIBODY

GUNNAR HAURENES

The Gade Institte Department of Microbiology Unysersttet of Bergen Bergen Norway

.+ Haukenes Experience with an indirect (passive)

test for the of

ubella virus anubody Acta path microbiol scand Sect B &4 85-87 1980

A new wndirect {passive) haemagglutnation technique (Rubacell Abbott) has been evaluated on the b.lslsf
T a matenal of 1 792 sera sent for serological diagnosis of a rubefla wfection ot delumma‘:lon of
immunity status The test procedure s very simple THA antibodies appeared about tho weeks later
han HI anubodies and seemed (o pecsist for life Two fields of appliation for the iHA Mhmqui are
fiscused | As a supplement [0 other tests because of the Jate appearance of the anthodies 2 In
creemng for wmunuy sates The THA combines ease of performance with hugh seasuuney

Rey words Rubeila indirect

Passive

G Haukenes \tikrobrologisk avdeling MFH bygget N 5016 Haukeland sykehus “orway

wed Sre?Y Accepted 14% 79
« ubelia infecuon 18 usually hagnosed serology
¥ by demonstration of SeToconversion or a rise
stre by the haemagglutination mhibruon (H1)
the haemolyss 1n gel (HIG) test or one of the
s using labelled ants immunoglobulin The re
“hive aniibodies £an be detected a few days aftet
appearance of the rash In most cases the titre
<hes a maximum level within one week.
newhat with the complement fixation test If the
1serm specimen 1s taken in the second week of
disezse of Yater 2 TiSe 1 Ltre may ofien not be
nonstrable In such cases the diagnos:s can be
e only by demonstrating spectfic IgM
An mairect (passive) h (THAY

We have examined the THA test on a material
consisting of abowt 1 300 sera in order to evafuate
s relability and usefulness

MATERIALS AND METHODS
Sera
The sera were sent to the laboratory for diagnosis of
rubella mfection of deteraunauon of wdmumty status
They were inacuvated and examuned ether fresh on
arFival or after storage ag ~20 °C

Serolog cat Tests
The standard Hi test was performed afier absorption
of the serum with kaolin at pHl 9 and wsing sheep

t has been developed by Abbott Laboratories The
thodies detected by this IHA perest afier a
bella infectton {4) Menrman (3) collected several
mum specimens (rom 31 patents with acute
Yella and compared the IHA wuh othér tests He
ncluded that the THA antibodies appeared two to
e werks lates than V1Y antbodies <o that the
2ding of a posiwve Hi and a negatove THA was
ithognomonic of an acute rubella infection and
1ade demonstration of 1gM tnnecessary

k2N .

by A newh deelyed HI procedurc mot
vequining Temoval of non specific inhibuers (2) was run
patalieh with Yne standard test 1a brief sheep erythrocy
tes were sensitized by four haemagglutination (HA) unus
of the haemagglutmin 3 hen the sensitized ecythrocytes
were quited with an antiserum  anubody tnhibited the
HA without mrecference by non specific imhibuars. The
IHA (Rubacell Abbort Labs) was petformed as
described by the macufactores Twenty five pt serum
diluted 1135 was mixed wath 25 I siabilized human
erythwotytes sensmized by a sotuble rutelfa Virus anupen
usmng microtiire V plates The plates were taped shaken

T



for a few minutes and left at room temperature for 2 h or
more before reading The HA patterns were disunctly
negative or posiive  unless the sera had been taken
during the first weeks after an acute rubella snfection at
the time of seroconversion Because of the smafl volume
of the reactants (50 i) onty a finuted number of sera
should bu set up before taping n order fo avord
evaporation

Hacmolysis in G (HIG)

This was performed on commeraial plates (Onvir
Orion Diagn  Helsinki) A haemolysts zone of § mm or
more was considered as a posttive reaction {5)

Fhuanom Conrifugan m

This was performed as desernibud tn (1) in cases where
1t was uncertasn whether a vary weaak HI reaction was
caustd by antibody or tnhibitor

RESULTS

A total of 1792 scra were exammed by three
parilel methods standard HI new HI and 1HA
The IHA was performed qualitatively at dilutton
1 135 unless a nse m utre 1 connection with a
recent rubella was suspected The results obtatned
by the new HI procedure have been published
elsewhere (2) They correlated almost completely
with the results obtatned by the standard HI test

All readings were made bhind ¢¢  without
knowledge of the history or the results of other
tests When in doubt the IHA was repeated and
often utrated W hen the test was repeated because
of any disagreement only the first reading was
recorded N order to evaluate the test as a single
screening method for immunity status

W hen there was any disagreement between tHA
and the Hl tests an HIG test was performed and
owastonally also floating centrifugation

\\ hen acute rubella infection was suspected the
serum specimens were taken at the intervals
recommended for the HI test [T the second
specimen was sull IHA negative a third specimen
was requesied even when the diagnosis had been
established The results are shown in Table !
Fourteen sera were HI negauve and IHA positive
Six of these gave 7 false positive IHA reacuon as
defined by a negative Hiand HIG test The six sera
had been exammed during a period when we had
considerable difficulty i interpreting the IHA
pattern They were re examned with a new batch of
sensitized cells and were all iH A negauve The other
ight of the sera which showed pofl}l;;'e THA and
negative HI showed a false negauve reacuonm

The group negauve IHA and posttve

113 of which were from

comprised 131 sera t rubella mfection
patients with an acute or recent [

Qf

TABLE 1 Compartson of HI and ifit

Positive HI and THA |
Negauve HI and 1HA
Negative HI and posttive IHA

False posittve [HA 62

False negauve HI 8

Positine H! and negatnve IHA |
Acute rubella 3
False negative ITHA 6b
False positive H1 4
Unidentfied 84

Total number of sera examned

a Negatne HIG

b Posive HIG

¢ Scroconversion later

d Suspected rubella One serum spemen o

They all show ed seroconserston fater Eghe
Iisted as non idenufied They were fron &
suspected rubella but the diagnoss w
vertfied since we recened only one sen®
men Six sera gave a fale negatine IHAR
W hen re-examined they were found to te
positine Four sera gave a false postive Hle

All sera were collected during a rubie
and pregnant Women had usually cont®
doctor immediately when they had been !"I‘
rubcdla or suspected a rubella infection Onh
sera were tahen too late 1o obtain a e !
means of the HI test In our routne e ¢v*
first serum sample for IgM when it ahen
pregnant women with a history of rubelia ¥
months earhier Only n two cases @
diagnosis be made by seroconsersion 1t !
stanonary HI nitres .

We tried to calculate when the THY
posiuive mn relation to the first day of the rat
106 patients with acute rubella we obtaint
information about the date of the rash Th¢
ume from the first day of the rash 10}
negauve THA test was 14 days (range 3 103
The average time for the first posiuve 1iA
days (range 5 to 68 days) The average nega!l
period was somewhere between 14 and n

When performed as a qualtatne (¢
procedure 1s very simple and a trained 1¢
can perform about 50 tests per hour

DISCUSSION

The new THA method duveloped by
Laboratories represents a new and val -+t
the scrological dia r



larly for the assessment of Immumty Status

sults with 3 matern of about | 830 sera.
a the findings obiained by Meurman (33 from
1 material studying HA m the diagnosis of
rubslla Laboratones which recave 2 great
»r of specimens will posSibly resort 1o o of
thods which can be avtomatized such 25 RIA
LISA both when examumng for smmundy

wse ar speaific TgN Other laboratories will
1 thoose brween HIG and one of the Hi
qués for the diagnoss of ubetia infection

sgrcal Diagnssis of @ Rubelta bafecuon
& [HA should never be used as the only test for
3y when 2 rubella wnfecton 15 suspected Asa
emett to the other tests which become positine
days afier the appearance of the rash the [HA
give valabic Mformanon even A the e of
3¢ of the first serum speciman A pasitve HI
RIA or EL{SA combined with negauve 1HA
&y wdiatsve af an acute rubefla tnfecuon The
1asts must of course be confirmed by 2 fise in
or by demonstravon of rubela specific 1gN
a false negatve {HA reacuon may occur
iever since acure rubella is suspected atready
o the first serum speamen s esantined
rmatory tests may be performed mmediately
unnecessary defay is avoided The advantage of
as a supplementary tast 15 thus obvoas I a
ratory does pot haye the capacity for examining
anubody posise first serum specimens from
nant women for IgM the IHA should b
ormed 1n the absence of a nise n titre
rubetla retafection 15 suspecsed when a fise
ts found without the presence of Ight and
Te there afe no symptoms Jn o ¢ases not
uded 10 (us materral we suspected a reinfection
these grounds The finding m both of them of a
» and stable THA utre a1 the ume When the HJ
1 HIG ttre was sull fising (n the absence of Ig¥
¢ funther support to our suspiion  Later
20815 of a remfecuon was venfied for one of
m when we obtained a serum sample that had
8 taken half a year ather
If the wre obained using the other tests has
¢elied ofT the THA may sull show serocomersion
3 fise in uwre Qur findings 2gtee with those

ume{d by Meurman 13) a5 regards the average
a¢ of <o o

I3
a

s g for fmemundy Status

The performance of the 1HA test 15 very sunple

34 the price ts reasonable 1HA anubodes seem ta
v\lor vle The number of fake posine

reactions was Yow Ttus could be refaied 103 specsal
basch of exythrocytes and such reactions have not
een Tecorded smee §¢ has been argued that the late
appearance of 1H{A anubodies 55 2 drawback when
screening for immuntty status Obviousty very few
1ndividuals can be proved to be in the 1w to three
WeRks period after an
rubelta mfection and the vacne witt ceramnly do
them no harm  Another queston 1S whether a
quantnaune method gkt pek up ndiv tduals with
very high serum utres thus suggesung a receit
infection and leading to examimation for speaific
1M This w of iterest only when women are
examined 1n the first inmester of thess psegnancy It
15 difficult to preduct the fesulis of such 2 pracuse
We have ttrated rubelta HI anubody 1n sera laken
both early and late 1n pregnancy from about 2 000
women (unpublished) Three cases of serocanver
sion and one remfection were found “mneteen sera
with HI tres of 640 or higher were examined fur
ther by HIG and tHA and for spenfic IgM ™o
signs of recent infection were detected ki must be
emphasized however thal whe sera wese collected
during an wster-<pidenmic period just before the start
of an epidemic It remains (o be seen whether the
{HA may prove uselul in this context The HA
pattern may be very weak or doubtful for a con
siderable period at the ume of seroconversion
[ our oproon screenung for rubella immunity
by means of s THA showld be performed only 1n
laboratories that carry out serological diagnosss of
rubella nfection where 1HA 15 mcluded Only in
thus way can the reagents for the 1HA test be chech
ed regutarty for sensmiviy and rehabilty 1§ 1HA 15
usad to supplement another method of screemng for
(manity stats recent nfections may alba be
cevealed Such screening will be carried out in our
Jaboratory (0 evaluate further the place of (he 1HA
1 this Context
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ZELLULAR FATTY ACID COMPOSITION OF HAEMOPHILUS
SPECIES, PASTEURELLA MULTOCIDA, ACTINOBACILLUS
ACTINOMYCETEMCOMITANS AND HAEMOPHILUS
VAGINALIS (CORYNEBACTERIUM VAGINALE)

ERIL JANTZEN BJGRN PETER BERDAL and TOV OMLAND

\Methodology Department Natonal Insutte of Public Health Oslo and Noswegan Defence
\crobiological Lataratary Osle Norway

Janzen £ Berdat B P & Omlaod T Cellvlar fauy acd
Pasteurella  muliocrda

composition of Haemophilus species
and
bacterium saginale! Acta path microbiol scand Sect B 88 89-93 1980

uifus vagnals (Conne

The fany acid composition of 35 Haemophidus influen ge strains was found 1o be grossly stmilar and
eharactenized by relauvely large amounts of 150 3-OH 140 161 and 160 The thret Ciy farty aaids
182 181 and 18 O were also present but in much lower concentrations This general pattern was also
found for most of the other species of Haemaphidus exammed (H aepptius H aphrophilus H cants
H galimarum H haemolsi cus and H paranfluen ae) Small but disunct quanutatsve discrepancies

wese daeced for H o ducres and te haemun
and H surs

spocies H

was found 1 be Indisunguishable

from ¥ nfluen ae Pasteurella multocrda also exhibited a fatty acd partern ¢losely related to that of

but could be

by tis higher

fevels of the Cys fatty acids The

fatty acid pattern of # vagmnahs was considerably drfTerent from those of the other species examined
This species lacked 3 OH 140 and 18 2 and contamed small amounts of 140 and 16 0 whereas 18 |

and 80 were the major consutuents

hey words Bactena fatty acid composiion gas chromatography taxonomy

E Januen Statens Insttut for Folkehelse Postuttak Oslo 1 Norway

xned 2579 Accepted 20 X 79

Numerous taxonomic studies based on bacterial
ty acid composition have revealed clearly the
fulness of quantutative data on hpid constiuents
taxonomic evaluations (1 13 14 17) Fatty acd
ofiles provide simultaneousy several taxonomuc
acacters and it has been shown that grouping
sed on faxy acd maiches

solates which are difficult to ass

1gn 10 genus or
pectes and have mtatada A £ oo o

cation deals with the fanty acid composition of

il the classification. achieved by geneus parame
(S ) However before this chemical techaique
@ be Tully utilized 1n taxonomy many groups of
¢ll charactenzed bacteria and f possible several
samns of each species must be analysed preferably
¥ 2 standardized procedure

W e are considering 1n parucular the use of fatty
od cr{ﬁl« 19 the wenuficanon of unusval chmea

several Hy hilus spectes and of Fasteurella
multocida Two strans of Actimobacilfus actinomy
<cetemcomitans snd one stramn of H vaginahis (Cors -
nebacterium yaginate) were also ncluded 1n the
Rudy  snce their relatedness 1o Haemophitus
2ppears 10 be unclear at present The fany acd
composiuon of Francisefla tularens;s has been
published elsew here (8) and studies of Borderetia
and Brucella ate 10 progress
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MATERIALS AND METHODS

Bacierial Strans, Growth and Harvesting
Thirny-five Haemophilus influenzae strains were
analysed Fourteen were obtamned from the National

med on a 25 m SCOT SE-30 Column {™
Middelburg, The Netherlands}

Peak 1dentifications were obtained by ¢
retention data with those of authentic standartsa
columns  Hydrovy fatty acds were o

0 ) 11

Colfectton of Type Cultures, London, d by the
following NCTC numbers 4842, 7279, 7918, 8143,
8455, 8465, 8466, 8467, 3468, 8469, 8470, 8472,
8473, 10479 Six serologrcal reference straps (T
Omland), AS1, BSl. C51, DS, ES| and F5I were
recerved origmally (1957) from # € Engbak, Statens
Serumuasuut, Copenhagen, and two strans (E-Monte-
negro and {-Dingles) from G Leidy, Columbia Univer-
sy, NY The remamnmg thirteen straras weré own
1solates

In addinon, the following Haemophilus species were
examined H aegptius NCTC 8134, NCTC 8502, H
aphrophifus NCTC 5886, NCTC 5906, H canis NCTC
1659, NCTC 10619, H gathnarum NWCIC 3433, H
haemobyieus NCTC 8479, NCTC 10659
H parainfluenzae, NCTC 7857 NCTC 7857, NCTC
10665 H paraphrohaemolyticus NCTC 10670 NCTC
10671, # paraphrophilus NCTC 10556, NCTC 10557,
H suts, NCTC 4557, NCTC 6359, H ducrey: ATCC
27722, and one stramn recerved from X Odegaard
National Institute of Publie Health, Oslo

The two Actinobacillus actinomy cetemcomtans sirains
NCTC 9709, NCTC 9710 and the stngle representative
of H raginahs NCTC 10287 were obtaned from the
National Collection of Type Cultures

Of the sixteen P Ha multoctda strains
fifteen were received from § D Henrihsen Universyty of
Oslo These were serological reference strains received
oniginally from Japan kobe 5 (! A) M4 (1 A) Kobe 6
20) P27(20) P8(3A) MI7(40) TS8(50) VA ]
(5A) R4 73(6B) Buma (6E) PM (7 A) 147 (87
Liver (9 A) and 989 (11 B) One stran NCTC 3195
was obtaned from the National Collection of Type
Culjtures

The stramS wereé mantained and cultivated on
chocolate agar (10% heated defibrinated horse blood 10
blood agar base (Difco)) QOne single batch of medium
was used for cultivation Incubation was performed for
24 hours at 37 °C in the presénce of 5% CO; The
bacteria were harvested in phosphate buffer (0 5 M pH
12 centnifuged and Washed twice by distulled water
before freeze drying

a

Chemicals and Chemucal Analyses

Solvents of pro analysis grade were distiled before
use Standards of fatty acid methy! esters were obtamed
from Apphied Science Laboratories Inc, State College
Penn, USA

Drvd bactenial cells (1~10 mg) were methanolyzed by
2 N HCI i dry metharol as described previously (6 7}
Fatty actd methyl esters were analysed on a Hewieft
packard 5710 gas chromatographt equipped with 2 flame
Jonization detector TWo standard 2 m glass cg:m:
packed with exther 10% SE-30 or CP-10 on Gas lmc i
Q 100-120 mesh (Aptied Gownee Laboratories Ind :
were used routinely Additional analyses were perfol

an

ylation and .
tural elucidations were venfied by gas chro
mass spectrometry on a Hewlett Packard !
chromatograph mass spectrometer msuumet
with a 2 m fong % OV-1 glass column

RESULTS

All thirty-five H  influenzae strirs
grossly similar fatty acid patterns v
relatively large amounts of 140 fue T
nomenclature), 3.0H-140, 161 and !
three Cy fatty acids, 18 2, 18 1 and T4V
generally present but m much lower
(Table 1) Al secogawzed serotypes @ ©
Pittman scheme) and aiso the botyps
Kilian (1 1) were represented However 1
tion bétween fatty acid composition 83
or biochermical charactersstics could b
The fatty acd pattern found for H
was shared by the other haentin regount
except for & ducreyt which differed shg
higher concentration of (4  and a lower
tion of 160 Spectes of the haemimn®
group constituted a more heterogeneot®
aphrophutus, H gallinarum and H pare
were almost (ndistngwishable from the
requiring species whereas H parapwd
cus H paraphroplulus and H sms show
discrepancies i the 14 0 and 16 0 concent
comparison to the ¥ influenzae pattert
A actnomycetemcomuans could not
guished from H influenzae or H aphro?
P muttocida extibited a fatty acid patiern
that of Maemophiius (Table 1) HO
indicated 1n Fig 1, tus species could 89
distrnguished by a hugher level of the Cis
On the other hand, as could be &P
vaginalis exhubited a very different pattefnt
It lacked 3 OH 14 0 and 18 2 and cont4
small amounts of 140 and 16 1, whe¥
181, and 18 0 were the most abundant
enis

DISCUSSION

In an extensive taxonomtc study of genus
phitus (11), Kilian recently showed the g
cytosine (G + C) content of DNA (o ben
of 37 10 44 mole per cent Al haepsn-i
species exhibired a G +C content below

cent, whereas the hagpvvandependent



Composition of Species b:
| Percentage Celtular fa",y,.';f;:m‘i’rw 4 Pastenrelts mhocdal

K g Fany Aod
1% 5%
c < a3 I0H
:r?;\'! o :g € un 140 164 180 18] 1w 110
1275 e ne w06 01 s 24
” w7 S 4 seelege 9934 243355 364485 00-05 0208 11-56
ins» 1300 a8 241 24t 015 ot 1D
162 128 80 399 02 os 24
u 87 T s bIY 05 o4 o4 4
158 47 263 387 04 04 21
hlus 20 * - o 138 77 30 03 04 13
174 U1 u7 a1 02 1" 29
s ST s 133 17 1086 07 o3 I
rum 4212 + + 107 124 21 43 os o7 s$6
s 31 177 S 19 o4 09 14
bt eus » T 03 14 403 10 21 93
133 138 320 37 [} 10 21
fuen ge 397 Tt 162 i N1 07 1 20
o
EIR) 178 219 131 02 05 05
s 08 tr e 73 196 [t$3 0% 153 I
20 14 26 19 08 o 09
hrophfux 419 ot m 150 7 ne 03 o8 0y
6 128 330 354 0 12 67
4 -
Vs . 67 n a7 21 06 63 57
, s L. ms 192 353 3 03 0 01
34 108 341 247 04 0% 05
T g . 122 131 29 373 03 a7 3
%7 150 U R 03 Y 21
tal s R2ENLY 44 - 20 348 - 73 104
1078 129 2 37 9 17 6
xda) 36540 4% + ~ B0-12% 122 187 230-320  36°-820 1p-34 07-30 35-64
12 15) (R o 207 143 08l 050 038

See text for expenmental details

see 1831 for further description

Data of Kitian{11)

e5 10 Whe fany acid designation the figure 1n the front of the coton indicates the oumMmber of carbon atoms in the
c;:;; nl‘h\! figure after the calin, the wrombes o6 donithe bomdy the syminet 3.0M ndicates a hiydroxy gsoup and us.
Mean value

Range among strains

Sundard deviation

Dawa of Lapagr(12)

Data of Belumersky & Sprrun (2)
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species A acrnomy celemconntans s exclody 4
the genus Acpnobaciflus and hsted asspeose.
sedis (16} Kefian (1) demonstrated a dxes”
of this species 10 } aphrophilus and dsase
possibility of sts inclusion 1 genus Haem
We were not sble to distingush 4 aenror
conutans from Haemophilus by out method T
the fatty acid data support 2 tatonom M=
this direction !
The taxonomuic position of H vagnahist. ‘i
questionable  As pointed out by Lapage 0
Bergey s Manual this species docs not k™
genus Haemophulus Tts association wihth( ¢
nebacterium genus as suegested by Zinr=™ y
Turncr (19), 15 also unlikely stace its ol #3°=
dinminopimelic acid and contams fdan~
instead of arabinose Lapage accordinglv
mends retawung the name A 1acuahs ¥
appropriate taxonomic posttion for thus orez. ™
revealed In terms of fatty acid compost ®
spectes differed from most Gram negam:h'
by the absence of hydroxy faity 2ads( 13) e
acid pattern of ¥/ vaginahs was also differert
that reported for C diphtheriae and C anst
well as from a group of pleomorphic soil b~ ,
(C fascians C nuchiganese C scd(/mm(ﬂm“\ H
dosum) (15) These two groups Wt

10 20 ES fomn
Fig, 1 Tymeal gas chromatographic fatty acid methyl
evter profiles of & Hacmophdus influen ae and a
Fasieurdia muhocda steain

The bacterial cells were digested by 2 N HCl n
methanol extracted and trifluorotcetylated before injec
ton on the 25 m SCOT SE 30 column

G +C values above that level These two main
groups of Haemophilus could not be revealed clearly
by the fatty acid patterns Thus all haenun
requining species except H ducrey: and the two

haemun dent species H aphropiulus and ¥
gallmarum

shared the #  mfluenzae pattern
whereas the remamning four haemun independent
species showed small but significant deviations both
from each other and from H unflucnzac (Table 1)
Previous results have shown that only species of
a certain phylogenetic distance can be distingwished
by therr fatty acid composiion Within Moraxella
most species could be differentrated (7) On the other
hand withun the Enterobacieriaccae where specta
tion 15 based mainly on serological characteristics
only a few groups could be differentiated (9) The
taxonomic distances between the Haemophilus
species are apparently tgo sn;::)lsl" ::nebe clearly
their fatty acid com
re[}imti\de l;ites\ editton of Bergey s Manual (4) the

92

characterized by branched fatty acds % r
Further comp studes 07!

composition may assign »ff mgvnﬂlu/lold
genus

Haemopiilus  Pasteurella  and Actmok €
share a number of phenotyptc characters a1 "I
G +C contents are 1n the same range (10 ”1'
numerical taxonomic study ncluding repre?
ves of these three gencra Sneath & Johnson!
obtawned four clusters of relaively high cof®’
correlation coefficient On ths basts the 3¢
suggested that these groups should form the &%
of a new famuly Evidently the simulanty 1#
acd composition of the specres m this &
supports this idea and addittonal comf?
studtes of liptd composition mught be of some ¥
for evaluation of the taxonomuc distances ¥
these bacterial groups
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BINDING OF ENTEROTOXIN FROM CLOSTRIDIUM
PERFRINGENS TYPE A TO LIVER CELLS
IN VIVO AND IN VITRO

The Enterotoxin Causes Membrane Leakage

R SKIELKVALE H TOLLESHAUG! and T JARMUND

Norwegun Food Research Tosutute As NEH horway
timsstute for Nutttion Research School of Medicine University of Osto Blindern Oslo 3 Norway

Skjelkvile R Tolleshavg H & Jarmund T Binding of enterotoun from Clostridium perfringens type

‘A 10 Uver eells 1 vivo and m Wiro The thteroloxin causes membrane leakage Acta path sucrobiol
scand Sect B 88 95-102 1980

Enteroton from Clostridium perfringens was shown (o retain s bological acuvity after labelling with
1251 When injected intravenously 1nto mue and fats most of the radioactivity in the organs was
Present 1o the form of antacs toxm Studies of the fissue distribution of labelled enterotoxtn showed the
largest amounts 1 the hver where the activity reached a mavmum 10~15 min after administration
The h ghest concentrauon per g tissue was found in liver and kidneys The radivacuvity Was excreted
I the unae as a mintare of wact labelled toxin and low malecular weight degradation products fn
witro Studses with purified parenchymal hiver cells showed rapid retease of lactate dehydrogenase (LDH)

Guring treatment with enterotoxsn thus indicaung severe membrane damage

‘Wey words Clostridium perfringens thterowxin membrane leskage

R Skjelkvale Norsk institugt for nzningsouddelforskmng Postboks 50 N 1432 As SLH “orway

wved V2 79 Accepted 29379

Clostrdium perfringens produces a vanety of
Jlogically active metaboltes among Which 15 an
terotorin assoctated with outbreaks of food
1sonmg (23)

In cases of food poisoming the enterotoxin acts
autly on the wntestinal tract and causes duarrhoea
> far e ts known abowt the mecharusm by
hich the enterotoxin causes membrane transport
feratiops metabolic disturbances and tissue dam
¢ lading to chical mamfestations

The disturbances 1n electrolyte and flud trans
o1t due 10 the action of the enterotoxm have been
ndied 40 expenmental ammals (11 13) Epihehal
squamation has been induced 1n 1leal foops treated

“ith whole cells (4) or highly purified
1214} The lew

with hyperaemic small intestinal mucosa and
congestion m hiver lungs spleen and kidneys (16}
No mformauon 1s avaiable about the distributton
and bimdmg of the toxin 1n the tssues After
episodes of food potsonung a relatively hugh level of
enteroloxin has been found n faeces and 2
sigruficant inCrease 1 anu-entesototn ttre
buman serum has been demonsirated (21) Similar
data have been obtamed from human volunteers
after ingestion of purified enterotoxn (22) It 1s aot
known whether this 1s the result of a local rmmune
response or a general wamune response due o
absorption of the enterotoxin
The present report describes the plasma clear
ae distribution and excretion of punfied 2]

al navure of the enterotoxin has
D establ ah

“on resulting
N

ter or
in death of expenimental ammals
L

labelled after njection into
nuce and rats Expersments showing the effect of

e wun on the membranes of solated ra
hepatocytes are also included
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MATERIALS AND METHODS

Experimenial Animals

The mayority of the expeniments were performed on
white male mice (NMR1/BOM} werghing 22-25 g
while white male rats (MOLL/W ISTAR) weighing 130~
150 g were used In some experiments All experimental
ammals were recened from The Anmal Department
Nattonal Insutute of Public Health Oslo

Ennrotoan

Clostridwm perfringens type A strain NCTC 8239
was used for the production of enterotouin in Duncan
and Strong (DS) sporutation medium (3} The enterotoxin
was punified by a modificaton {5) of the method
described by Sakaguch: et al (19)

lodmanan of Entcrotoun
Punfied enterotoxin was labetled with 1251 using a
modification of the chloramine T method (6) as descrt
bed elsewhere (20) The follow ing reagents were added (0
a 3 m! glass tube during conttnuous mixing (1) 10 pt
carpser free Na 1751(500 pCidin 0 1 M NaOH (2) 10 pl
0 5 M phosphate buffer pH 70 (3) 10 pl toxin (] mg/
ml) {4) 10 yl chloramine T (1 2 mg/ml) The reaction
was terminated after 40 < by the addition of 235 pg
sodium  metabisulphite dissohved 1n 300 pl 01 M
phosphate buffer pH 7 0 The rodination was performed
at room temperature The labelled protein fractuon was
separated from the vnreacted rodide by gel fMltration of
the reaction mixture through a Sephadex G 50 column
(09 x 15 cm) equilibrated in phosphate buffered saline
(PBS) pH 75 (0! N NaCl 005 M phosphate)
contaimng 0 2% bovine serum albunun (BSA) and
002 % sodium azde Eluted fractions of labelled protemn
were combined and ncorporation of 1731 was calculated
This procedure yielded a labelled preparation contamning
approximately 05 atoms of 175 per molecule of
enterotoxin W hen tested tn the guinea pig shin test (25)
the labelled enterotoxin was found 1o be biologically
actve Anadenucal quanuty of BSA was labelled by the
wme procedure except that the concentration of
chloramine T was doubled Labelled BSA was prepared
for use 1n control studies Labelled preparauons were
stored at =20 °C
Vascular Clarance of Entcroton and Localt aton
af Emcroionin 1t Tissues

Other samples of the homogenate were cenrf..
5 min at 3000 x g to remove the ruki
supernatant was subjected to sodim dodenyls.
(SDS)-acrylamide gel electrophores:s 1n glass ph
% 6 5 cm)as described below After lectrophors.
gels were shiced and the radioacuvity 1n each
measured

Stabihiny of 1’51 labelled Enterotoainm B wi

I vitro stability of labelled enterotounint
studied by adding 131 labelled tovn to hepare
blood (200 ng toun/ml) The muzture was 0
37°C for 10 30 and 60 min Following bt
whole blood was centrifuzed 1 produce fl
pellets were washed three umes with PBS:
radsoactsvity 1n supernatanss and pelkis was N

One ml samples of the plasma were weatd
equal volume of 304 TCA The superul
scparated and counted and the prmmmeunh
times with 5% TCA Determinauon was 0!
radioactivity of each wash as well & that
prectpitae

Disc Gel Elerrophorests

Dusc gel electrophoresis was performed 2o
Davies (2) on 7% acrylamide gels with uis (md
(hy -ammomethane glyaine pH 85 as ¢
buffer Sodium dodecy] sulphate (SDSkarvi!
electrophorests was performed as described bY !
Osborn (27) After electrophoress the e¢h 8¢
and (he radroactivity 1 each prece was mreadt

Binding Propersies .

The antibody binding properties of '3
enterotonn were tested 1n a solid phase SV
whole anuserum was used to coat polysiyren
test wbes (§) Condivons for meubauon &
antiserum and buffers were as duscribed prest ®

Preparanon of Furified Hep tocytes

Rat hiver cells were prepared by modificd!
26) of the collagenase perfuston method of
Friend (1) Parenchymal and non parenchymsl \‘
were scparated by differenual centrifuzation (11
95~99% of the hepatocytes excluded trypan b
punfied hepatocytes Wwere suspended m 3

b medium essential salts ¢

125 lablled enterotoxin was 1mjected intr
1nto one of the (21l veins In order to follow the clearance
of toun from blood and the distibution of toxin 1n
qissues the animals were decapitated afier ether anaesthe
sia at different wntervals followng mjectton

For deternunation of total radiaacuvity the organs
were removed weighed and homogemized 1n 0 15 M
HLOH and the total radwactivity was measured

In prehonnary expenments tn Which attempts were
made to 1dentfy the {abetied substances in the tissues the
arious OIgans were homoyentzed 10 PBSOE‘)nc m] ]of the
homogenate was preaipitated ® th 2 ml 31‘}. :rl:h :,:,“
ceuc acid (TCA)and left at 20°Clor ! I;‘\ ';Cu\ g;d ,(;,c
was centrifuged the pel)et\\ashtd with . me;mmd
radicactivity 1n the peliet and supernatan
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defatted BSA (26)

In vitro Test for Mcmbrane Damase

Dufferent concentrations of enterotoxtn Were:
suspensions of hepatocytes in the numimal medid
106 cells/ml) and ncubated 1n a shakine watef
37°C Portions of the cell suspensions were reft
different mitervals and the hepatocytes were <
from the m dium by centnfugaton throueh
phthalate (d = 105} as described preygously (1
tested for permeabilty 10 trypan blue The sup¢
was tested I‘urgmmle dehydragenase activity
below and LDH acuvig sed
membrane damag “** P as agf,



mical Determ natans
ctate dehydrogenase (LDH) (L lacuate NAD oxdo-
tase EC 11127) wis assayed a3 feacuon

otein was determsned according to the method of
» ol 11D) with BSA a5 standard

 ng Equ pment
adioactivity measugements were made in an LkB
Tace 1280 automanic gamma cotater

RESULTS

LDy for punfied enterotoxin i muce 1S
oxymatety 2 pg {19 24} After ntravenovs
imstration of enterotoxin 1 the relevant dose
e nunute amounts of tovin are present in the
165 and these can be determined only by the use
belled preparations

batuy of ! 51 labetled Enteratoxut it Blood
3 labelled enterotottn was incubated with
wninized whole Ylood for different umes and the
elity and binding 10 blood cells were caleulated
#le 1) There was no increase in non TCA
*ipuable radioacuvity {later referred to as free
Yin vitro duning the mncubauon pertod Some 6~
ts boung to the blood cells and 92% of the
ed 129 fabelled enterotonin was found as TCA
*.putable material.

1(Fig 1) When blood samples were taken 20 §
~ 1 mjection of toxin 1fto 2 tall vem approxima

+ 65% of whe tou) mected dose could be
sounted for 1n the whole blood 1f one assumes he
<od vofume of the mice 0 be 7% of the body

3
3
H
£

85
Ten {2}

Fig 1 Clearance curve of 13( labelled enterotount from
C perfrangens (37 yCi/pgd alier thiravenous impcuon
into muce (100 ng per mouse) Each pomnt represents the
average of four measurements

weight Afier 120's the amouni of labelled tovn
the blaod was reduced to approximately 10% of the
mjected dose Results from the study of radioacts
vity n uissues obtaned at vanous pymes after
chaltenge tndscate that large amounts of the tabelled
enterotoun were already takent up by Lver and
kidneys

Althaugh the blood accounts for a menor part of
the total radigactvity because of the rapid remaval
of toxm from the airculagon Interesting changes
take place tn blood radicactivity dunng the test
period Ton e m Fas ba 0 .
oun
table - .
were reduced to 78% and 66%  respectively

Organ Di of 1" labelled Ev

in order 1o ascertain whether the tota) radicact:
ity present an the vssues could be used a5 2
measure of the presence of the toxin 1t was
necessary 10 determune to what extent the radioact
ity #a the organs was present as TCA precipitable
matenal presumably as intact tosin

Groups of 7=1 m me yars oe b

N .

TABLE | in \ o Stabetsry of 5] Jabelted Enterotot n fr-mC peritingens in Hepar nt ed Rat Blood g1 37°C

Tneubaton utea Free (25gn ICA precipiable Radroacuwity bound
TatioaguvITysy 1o blood cells
T
t0mmn oo 924
¥
30 man % 92% 2 ¥
60 min 1%
9% 7

# 1281 labelied emecotansn £37 ¥Ct gy was incubated 2t 37 9C .
+¥ Non precipitable radioacuvity referred 1o as fces 1254

‘}E’f{“"'w“‘ ad preoyptable mareriat

1h whale blood (200 ng 10tin/m! blood)

ar



TABLE 2 Radiwactnby in Tissues after Intravenous Injection of 1751 labelled Enterotoxin from C perfnnges

Organ Time af;:x‘:))cc"o"ﬂ
10
Liver 10
60

10
Ridneys 30
60

10
Lungs 30
60

{1

Spleen 30
60

10
Heart 30
60
10

Intestnes 30
60

% radioactivity 1n % radtoacuim
precipitatet) as 1AM 0L
98 9
93 9
91 ;
91 8
89 L
90
i
87 7
77 60 |
69
79
79
70
79
1
i
91 87
85 83 |
83

1) The animals were ingected with 400 ng of 1251 labelled enterotoxin (37 uCi/pg)

b) Trichloroacetic acid precipitable matersal
<) Asassayed by SDS gel electrophoresis
No observation made

the tissues were processed as described in Materials
and Methods The major part of the radioactivity mn
the tissues tested was present in TCA precipitable
form (Table 2} Analysis by SDS polyacrylamide gel
electrophores:s showed that the radioactive material
moved in the gel at the same rate as intact toxin
From these data 1t would seem justified to use the
distribution of the total radioactivity 1n the tissues as
a measure of intact '] labelled toxin
The results of typical experiments showing the
distribution of radioactivity in the ussues after
\ntravenous admnistration of labelled enterotoxin
to mice and rats are given in Fig 2 Groups of
ammals were mjected each group with different
amounts of toxin and the data were expressed as
percentages of the njected dose of radicactivity
organ
Yec;:\(z;dbpeerseef (Fig 2 A) that after intravenous
injection of 100 ng ‘I labelled enterotoxin 1nto
nuce, the largest amount of radioactivity was found
1n the hiver where it increased rapidley to reach a
maximum about 10-15 mn after adounistration

fined slowly
am?ﬂt\};e?x:;ckle of 125] labelled enterotoin by the
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kidneys showed a similar pattern Lowef ]ﬂL
radioactivity were found also I lungs .
intestines (ncluding contents) spleen and Sk?
radioactivity was low and 15 not shown mke

The results illustrated n Fig 2 A wer® ob-
after mnyection of very small amounts of toxit
ng/mouse} Results from experiments ® it .
mice were mnjected with much higher doses® .
(100 ng 'Tlabelled + 1000 ng W
showed that the distribution 1n tisSues andel®
tion from the organs were essentrally Ut
(Fig 2B) When the injected dose of tou?
yncreased 10 the LD so value (100 ng 51 b
2000 ng unlabelled) the ussue distrbut®®’
sumtlar (Fig 2 C) but the elyminatson from 8¢
was dramatically reduced This 15 probebly &
reduced circulation The mice developed syPF
shortly after imjection and none survived mort®
60 mmn It may be concluded from these res!
the tissue distribution and clearance rate fro® t
of d ed 1n pert
affected by the injected dose

The ussue distribution n rats 15 almost K&
with that descrl muce (F ~

~ s
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7 Distribution of 1251 labelled enterotosint from € perfringens (37 yC1/ pg) im various ofgans after miravenous

o 1nto mice (A B and C) and 1as (D)

roups of amumals were mnpacted wth identical amounts of enterotokin and killed and bled at different pereods of
The ozats wive vemoved and Pracessed as desctibed 1 Material 20d Methods The dats are ploved as
ttegs ) bt ek R TR aviy TRVl P R Dt IR TRl ank i

100 ng 1253 tabelied enterotonn pes mnuse

100 ng 125] labelled enterotonin + § 000 ng untabelted enterotoxin per mouse
100 ng 261 tahelicd enterotoum + 2 000 ng unlabelied enterolonin per Muuse

800 ng 135] Iabelled enterotoxin per rat

e W bicod ® lungs T spieen
dneys Yr ntesuines A hean & unne

When the daia in Fig 2 A were exoressed as
reentages of the imjected dose of radivactivity
und pec g of tusue (Fig 3% the labelled
nerotoxsn shows a preference for the liver 2and
dneys wah the hughest iy 1o bver tssue

Afier mirapentonea) ingection of labelled entero-

toun the ugiake W the Qrgans ooouned wate
slowly, and 1n most cases the fadioacuvity was
lover han afier sntravenous imection {data not
shown)

For compartson a graup of mice was myected
intravenously with J00 ng 125} labelled BSA (spect-
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activities demonstrated are primarnily due to memb
rane damage but the rapid release of LDH from
hepatocytes during treatment with enterotoxn
would support this hypothesis

Recently McDonel & McClane (15} demonstrated
that Vero (African green monkey kidney) cells had
binding sites for C perfringens enterotoxin The
cells responded with morphological alteration
inhibition of macromolecular synthesis and inerea
sed permeability Qur results are 1n agreement with
these findings

The chain of events which takes place after
binding of enterotoxin to the cell membrane 15 at
present unknown Preliminary studses with subce]
lular dstribution of cellassociated enterotoxin 1n
hepatocytes indicate that the enterotoxin exert ys
effect primanly on the cell membrane In order to
reach a fina) conclusion as 10 whether the effect on
macromolecular synthesis 1n mammahan cells s a
primary effect of internalized toxin or a secondary
effect due to membrane damage experiments must
be performed 1n ceil free systems
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EFFECTS OF SOME ANTIBACTERIAL AGENTS ON
THE PHAGOCYTOSIS OF 32p_ L ABELLED ESCHERICHIA
coLl BY HUMAN POLYMORPHONUCLEAR CELLS

KIETIL MELBY and TORE MIDTVEDT

Kaptein W Wilhe(msen og Frues Bakterologiske Insutut Rikshospialet Oslo | Norway

1 agents on the phagocytosis of VP labelled
Aelby k & Midivedt T Effects of some anubactersal I
E:thlmhm colt by human potymorphonuciear cells  Acta path microbiol scand Sect B 8% 103
106 1980

th n and ol
Genuman colistin
were studied i a phagoCytic system A radiofabelled straim of £ cof was ncsd 45 test bacteriym and
human polymorphonuctear cells were used as phi tes Except for and

\here was a tendency towards depression of the process of phagocyfosis in the presence of high
concentrations of the varous antubiotics Colisun m a high concentration (83 pg/mi) everted the most
sgmfican effect

*Key words Phagocytosss aatibioucs human polymorphonuclear cells £ colt

Kpetd Melby haptein W W uhelmsen og Frues Bakiersologsske Instutt Rikshospitalet Oslo | Norway

w79 Accepted 8 x1 7%

¢ll known that duting an attack by an
agent antibacteral drugs only assist the
¢ system 1n eradicating the avading
A possible tnteraction between the
of the phagocytic system and these drugs
ved jncreased attenon (1 5 7 8 9 10
Present report 15 an attempt to evaluate the
some anubactenal drugs on the process of
os1s of 2 radrofabelied stram of Escherrchia
uman polymorphonuclear cells (PA{N)

MATERIALS AND METHQDS

thonuclear cells (PVN) were solated (4) feom
red whole blood (5 [U /ml) obtained from
1onors by yempunciure and thereafter teansfer

fiass wbes 1n order 10 y1eld a monolayer of
& of which approvimately 80% were PAN 35
4 prevously (14)

m obuined from healthy blood donors was
0d stared 1 small atiquats a¢ -84 ¢C

#rid The strain used has been described earlier as
~

2 member of the species £ calt accordung to Bergey s
Manuat (3) The stratn was stored 1n lyophifized stare at
$°C and #iso kept in subculture on lactose bromthymol
blue agar plates.

Culture technique The medium used was prepared
according 1o Bzracerraf et af (21 The bacterium was
culuvated i 50 ml medium for 18 h Four ml of this
cultre was traosferred 1o 200 m) of medum fo which
was added | mC P labelled orthophosphate The
bacterial growth was disconusued afier 200 munutes by
vapid cooting of the suspension to 0 °C The numbes of
viable bacterny determned as colony forming umits
(CFU) afier dijwtion and plaung was 199205 log AN
ncubations wer kept aerobically n a shaker at 37 °C

p -

v oesn wonn USA) The bactertal suspension was
washed three gmes with a chilled {4 °C) Krehs Ringer
Phosphate butfer which was enriched with 10 m\f of
o1 ra o tyme . -

@ tes Usay Afer
30 munutes the medium was decanted and a solution of
the antibiouc st KRG was added Half an hour later the
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medium was decanted again and the monolayers washed  TABLE 1 [nfluence of Some Antibacier ol Ager
twice with prewarmed KRG (37 °C) Samplesof 2 5 ml  Phagoc tosis of 3P labelled E coli by Human Pt

of the bacterial suspension contaning 10905 log phonuctear Cells in vivo
radiolabelled £ coli per ml were added and the tubes

were left for incubation for 15 minutes at 37°C The Drug Concentraton  Per cen(s™
two types of bacterial suspensions used were bactena pg/ml MG &
suspended 1 KRG alone and bacteria suspended in KRG

contatning 10% normal human serum Serum was Cephalotin 30 05
added mmediately before the transfer of the bacterial 300 10 s
suspenston to the test tubes On termination of the

ngestion phase the suspension was decanted and the [}
tubes washed four times with chutled (4 °C) KRG and lefi Chioramphenicol Zég g; 1
for drying In order to dissolve the cells 2m) of Lowry s

Alcaline Copper Solution (LACS) (11) was added when Colistin 33 00 )
the tubes were dry Thereafter samples of 0 2 m] were 33 8y

removed for determination of radioacuvity and 0 5 mt
for determtnation of cell protetn content The count per 10 9 b
mg cell protein reflects the ingestion of radiolabelled £ Erythromycin 100 108 ¢
coli The effects of the various drugs were expressed by
relating counts per mg cell protein i the untreated tubes Gentamicin 5 TR
to the data obtained from tubes incubated with the 106 1
vartous drugs KRG and serum control tubes were
?r]l\;;:i:‘::ndUded and all experiments were performed 1n Oxysetracyeline 10 I?g
100
Determination of proten conlent was carried out
according to the method of Lowr eral (11} modified by 10 106
Oyama & Eagle (18) Lyophilized human albumin with Trimethoprim 160 4t
96% purity (Sigma Chenucal Chemicat Comp Mo -
USA) dissolved 1n distilled water was used as reference
es £ome”
Deternination of radiwactns was performed wsth ~ [he resulls are given ashpem‘e:mﬂf“c e
aliquots 1n a Hewlett Packhard liqud scmullation  untreated controls and are the an
counter observattons for each drug o
Drugs The anubioucs used and the concentrauons 4~ P=01 b= p<005 c= p<0
applied are shown 1n Table 1 All drugs were primanly
dissolved 1n distifled water and diluted to the appropriate
concentrations using KRG with the exception of b
line which was 1 1 distilted water chloramphen
ané diluted in KRG devorded of Ca + + and Mg+ * [n e [i]srlgrgn }::llgnh ::los:.;eo;rc’;lsl::; of normal ¢
the presence of oxytetracycline KRG lacking Ca + + and Ty A a trend
My + was alwavs used Tomethgnom lactare was  GUrINg the uptake of bacteria cess WS
disolved 10 disulled water o which HCI (4N) was  depression of the phagocytie procsss P5,,
added to give pH 40 For complete dissolutton the Using high concentrations of colt encth
suspension was kept at 37 °C for 1S munutes Further tive capacity was reduced to 81% wh 0
dilutions were carried out with prewarmed (37°C) was present during the ingestion phasé -
KRG In the various concentrations to be tested the pH  and 76 % when serum was present &%

was neutral penod of ingestion (p<<0 01)
Statrsucal mahsis The Wilcoxon White rank test Gentamicin tested with normal serum P
(12) was used (N 2P <005) during the pertod of ingestion seemed 10177

mgestion phase shghtly Using 5 PS/‘“I“
concentration the ingestton was reduced (0
= 01) whereas when the conoel{‘:’c“'s‘u
increased to 100 pg/m] the uptake of b2
RESULTS 80% of the normal uptake (p = 01)
‘The effect of seven antibactersal agents on phagocy Oxytetracycline tn a dose of 100 pg/m “’i
wn i Table | These results indicate that ~ with normal serum exerted some 1nfluenc
an influence on the mgestion  uptake of bacteria since only 76% of lhﬁe ]“’(
when the PMN monolayer  ngestive capacity was recorded (p =
phase of phaf;ca{zgslsv“h the various antibactertal  difference may be regarded only aspa tender
has been pr;o munutes before the start of the Apparently trimethoprim and cephalothit
dmgst fo;enod influence the progess of nhasnmut s
1ngestion

tosts 18 sho
apparently some have
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DISCUSSION

<ordance with other reports (5 9 13 17 on
Jtersctson between beta lactam antibiotics and
Locytasis no significant effect was shown when
+ g cephalothin
Slstun 2 polypeptide antibiotic very simylar to
nyxm B interferes with the cell membrane
100 as & transport barrier of smaller molecules
¢ the influence of this antibione 1t has been
wnstrated that the cell membrane of bacteria
mes Teaky« The effect of this antibiotic has
stugied on human [eukocytes with no meas
effect when using 115 pg/ml (§) Other
ers using guinea pig leukocytes and 1200 pg/
eport about 2 22% reduction in the ingestive
-1ty {5) In our experimental system 2 depres
#ffect was found w1th a iest concentration of 83
nl The effect seemed to be most pronounced
1 norma) serum was present during the penod
gestion This 15 partly 1n accordance with other
115 )3} usiag rat PAIN and the same concentra
of colisun In those studies a depressive effect
sund when 33 ppim! wa» used The
ave effect was ehnunated by the additon of
The reason for this discrepancy 15 not clear
it be due to diferent altimties of the drug to
tous types of cells and sera Thus high dases
Ain se¢m (o impair the process of ingestion
Pphagocytosis as shown I our study
ral studies have shown that high concentra
of chloramphenicol infubits the process pf
vosis (6 10) Using 200 pg/ml of this
i 1t has previously been demonstrated that

results presented also indicate mhibitory
an the phagocytic process by gentamicn This
dicts previous findings (9 13)
v reports are avajlable regarding the effect of
yehnes on the process of phagocytosss /7 e
3¢t a} {\Yhave demonstrated that adminmistra
3 {2 mg per day w drinking water for four
decteased the efficrency of the

of 1 could be
demonstrated wth either of these antbiohe 1p the
range of 2 5-25 wg/mi Other stodes (8 9} do not
confirm these Tindings even with Mgh concensa

uons of tetracyctine (426 pgfmid The results
presented ta tus study support the opinton 3 7 ¥ 3

15) that the tetracychnes aprarenlly have an
mhibrtory influence on the process of phagoeyiosss
However the concentrations necessary 1o exer such
influence sezm 1o be rather igh though not higher
than what can be obtamed 1 the regions of 1he
human body where the drugs are concentrated {6
16) Our findings Support the resulis obtatned from
studes on rat PMN (1)

To our knowledge there 18 no other repon
dealing wth the interaction of trimethoprim and the
phagocylic systemn excepl our presious stwdres
using fat PMN 113) This compound seems to have
o influence on (he tngestion phase of the phagocy
e process

1t 15 likely that some apubrotcs do have an
mfluenice on the process of mgeston when a
microbe 1s 1o be phagocywsed by PMN The
concentrations apparently necessary to reseal these
effects are obtamable in the homan body (16} The
chinieal implications of these findings are difficult 10
establish The reduced effect on the uptake of
bacteria shown with high doses of colisun 1s worthy
of atiention

It may be concluded that except for ttmethop
rim and cephalothin there 1s 4 tendency towards a
degressian of (he ingestion phase when fugh

of the other tested are

appleed

This investigation Was sypported by grasts from the
Aorkegan Research Councl for Science and the
Humant es and from the Norw egian Dri g Manopal
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" EXPERIMENTAL SALPINGITIS IN GRIVET MONKEYS
: BY CHLAMYDIA TRACHOMATIS

Modes of Spread of Infection to the Fallopuan Tubes

BIRGER R MOLLER and PER-ANDERS MARDH

'
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yMoller B R & Mirdh P A Expenimental salpingmus m grives monkeys by Chigmdia trachomans
~ eModes of spresd of mfection 10 the Fallopian tubes Acta path microbiol scand Set B8R 107~
w114 1980

Erpenimental 1afecuors wuh Chlamydia rachomans immunotype b was carned out 1 Si% Erivet
maonkeys Theee coses of tfecuon were used (A into the uterine Gavity through the tervical eana) 183
weo the wernime cavity but alfter hgature of the whal wwhmus folloaed by curettement ol the
endometrum (C) 1nto the carvical epithelium Two monkeys wete wsed for each type of experiment
Al monkeys inoctlated by soutes (A} snd (C) developed marked signs of inflammauon 1 the Fatlopian
tubes Charactenstically the tubes were reddened and swollen ¥ xndate appeared in ihe shiommad s
and & the culde sac In theee of the four monkeys studied 2 Yellowish discharge was seen In the
postensor vagimal fornix A exudate composed mostly of and clusters of
cells was found 1 the tumen of the tubes The epsthellum was myured in some areas and there were
aghesione hevwesm v w0 L3} qua 1Y g ikeys twbal octiusion was present tAo Months
N - « o\ preseoted a sigmficae nise n anubodies o €
] N T 110 signs of mflammation (n the upper gemtal
el WeLe gead bt one of the anrmals died day 14 post moculation avtopsy showed pentonirs and
perthepautis One monkey was ypoculated wiih nop anfected yoik sa. Spectmen by Tome (AY and
another by route (B) Pracucally no wflammatory changes 1 the geantal orgaas or elsewhere could be
derected w these monkeys The results mdwate thar € rachomatrs can cause salpingius i female griver
monkeys by capalicular spread {rom the fower genital tract The histological findings and the snfection

toute vy this expenimentally induced salpingstis 18 the grivel monkeys closely resembie those ascnbed to
gonococcal« SAPINILS 10 Map

Rey words Chlamydia (rachomans salpingitis expersmental tnfection

B R Melter Insutuse of Med cat Mucrobiofogy Ungversity of Aarhus DK 3000 Aarhus € Denmark

v 13079 Accepted 28 x1 79

the uterine cavity of grivet monkeys Within a few
Hlamydin trackomatis 18 a common cause of o y

ally wansmitted diseases (8 9 12} In the
e the orgasusm may produce cervical tnfection
<ated with abtiormal Paparucolapu smears (1)
m the cervix, chlamydie may reach the tubal
ehum and cause acute salpingitis {6) How ever,
frtade of spread of the ynfection fromy the ceriax
52 tebes 15 not known

2 & previous study (11} C trach

MR A A

was
Mlarsd A

days these monkeys daveloped salpingitis However
s study did not confirm the route of mfection to
the thes nemher &d o symulate condiwons
comparable to those of naturally mfections 1n the
female

Lxpersments 1 grivet monkeys were therefore
designed to mmie condtions that fught occur 1n
nateal mfections with chlamydiae 1 the femade,

wubes or nto

vz the y fara spread of such
orgamsms throvgh the uterine cavity to the lumen
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of the Fallopian tubes and/or spread via lynphatics
and blood vessels through lesions in the cervical
epithelium or n the uterine endometrium The
results of these studies are given in the present
communication

MATERIAL AND METHQDS

Orgamsm A strain of C trachomans ymmunotype K
was isolated from the Talloman tubes of a patient with
acute salpiagitis This strain was used to wfect a govet
monkey into the uterine tubes as described previously
{11) This monkey developed acute salpingtis In the
present study the stram rsolated from the payent {No
77 and that (No 5155) ressolated from the cervit of the
infected monkey were used The strains had been
1solated on cycloheximide treated McCoy cells (10) and
passed twice 1n the yolk sac of embryonated hen eggs
Suspensions of the yoih sac matenal contammg 2 % 105
mnclusion forming untis per my were stored at -80 °C
untl use A hundred fold dilugion of the suspenston m
phosphate buffered saline pH 7 2 was used to moculate
the monheys

A yolk sac suspension from a non infected embryona
ted hen egg diluted tn PBS as described above was also
tested

Monkers Eight female grivet monkeys (Cercoptthecus
aethiops) were used 1n the expenment They weighed
20-2 6 kg They had been captured th East Africa and
before use had been kept tn quarantine for at least six
weeks They were examined and caged as described
elsewhere (5)

Specimens were collected on three consecutive occa
sions from the throat the urethra the cervix and the
rectum and cultured far C trachomans mycoplasmas
and The fing and culture
used were those described elsewhere (11) Blood samples
were taken by puncture of the femoral artery 1n the
nguinal region All samples were collected when the
monkeys were anaesthetized using ketamme chlonde
(ketalar® § mg/kg1m)

Experimental infections The monkeys were infected
1n three different ways

{A) In monkeys I and Il 0 4 mi of the suspension of
chtamydiae (stram No  771) was mjected into the utenine
cavity using & steel catheter 04 mm 1n diameter
imtroduced through the cervical canal

(B) In monkeys I and VI the isthmus of the
Fallopian tubes was closed by higatures during laparo
tomy performed as desenibed elsewhere (5) In these
latter monkeys 04 ml of chiamy@hal suspension {strain
o' T71) wis it s desried 1 e, ()

ed 10 11 modihe
The cerv:x was ‘hfP rdolllia:na of the uterine en(?ametrlum
12 mm
sension of

Y -

Monhkey VII was noculated Wi U

108

sac spectmen 1n the same way as m expn~
Monkey VI was infected as i experyment (81
Assessment of lesions and collecuon of 5
Laparotomy was performed ondays4 7 21 ¥
post moculation (p 1) Ateach laparatomy by
taken from the Fallopian tubes and paramer.
mens collected by a swab were taken from
sites the tubal fimbriae the cul de sac and te
Cufture siudies Cultares for € trach r ¢
mycoplasmas (5) were performed as deserbede
Bacterial cultures were made m bram hat
broth (Difco) and on blood haematin a0
bromthymol blue agar .
Serologcal studies Surveys for serum ati
C trachomaus were carried out by a micre e
rescence test using pools of antigen (13) Thet
titrated 1n two fold dilutions The lowest div
was |18 All sera were tested for both 6
anuibadies to the organism
Histological studies Tissue biopsies were
104, formalin and paraffin embedded for b
studies using staining with haematoxyl nand

RESULTS

General condition of the infected mork
eight monkeys only one presented any clio
of discase Thus monkey 11 developed f
showed slow and prudent mosements 1
and loss of appetite The illness progres®
mornkey died day 14 p1 The monkef
tncapable of eating and dnnking for -
previousty
Gross lesions 1n monkeys 1 11 V3
imflammatory lestons were practically e
days 7 14and 21 p1 the tubes were e
swollen Exudate appeared 1n the abdomi®
the tubes and a watery exudate was found!
desac Day 35p1 the imflammatory 1%
regressed On day 60p 1 the appearan® o
was virtually normal No gross lesions ®
mn the parametr:a the ovarses and
throughout the expersmental period Otfe
ritoneal organs ncluding the spleet
D signs of
Monkey {11 presented no gross lesions'
and 7 p1 1 the tubes the parametria the
the spleen There was no exudate i the
ostia of the tubes or 1n the cul-de sac Th
died on day 14 p1  Autopsy showe
peritonitis and perihepatitis with adhes:on
the peritoneum and the anterior surface of
The spleen was enlarged The intern
organs and the intestine were norma! Tt
no signs of pneumonia
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I Histological secuon of the Fallopian tube of
ev 1] inoculated into the uterine cavity with €
amays \mmunotype K day & post moculation
g nflammatory infiltrate i the rubal epithzlium
0 he subepthelial tssue HE % 50

1V and 1 the controt monkeys (Vi1 and VD
ughout the expenmental penod

yellawish discharge was seen wn the postenor
nat fornis of monkeys [f V and VI from day 7
and dunng the following 2 10 3 weeks There
® 0 erosions of the cervs
fistologieal findings Monkeys I 11 V and VI al)
sented hustologreal inflammatory changes in the
e genital tract The alterations were pronounced

¢+ 2 Hstologial seeuons of the Fallopuza tbe af
<key V1 nocufated fnto he cervical epribeluan with
#rachomans immunotype K (A) On day 7 post
, ulaon pronounced inflammatory mfittrate m the
A eprhebium ang 1n (e subepihelal bssue can be
1 The eputieluun 1 wjured 1n some ateas HF % 60
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Fig 3 Histological section of the Fallopian tube of
monhey V 1noculated into the cervical epithelium with
C trachomats ymmunotype Kk day 60 post imoculation

Adhesions between the mucosal folds and nfittrauon of a
small number of inflammatory cells 1n the subepithelial

ussu¢ and the muscular layers can be seen HE x 20

i monkeys 11, V and VI, but less so 1n monkey 1
In monkey I, the tubal epithelum and the
subepithehial tissue showed nfiltration with lym-
phocytes and some polymorphonuclear leukocytes on
days 7 14 and 21 p1 The tubal epithe! was
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Fig 4 Histologtcal secton of the Fallorst v
monkey VI, inoculated 1nto the cenical epié &
C trachomans mmunotype K, day 60 Pﬂ“’“w‘
The tubal epsthelium 15 atrophic and fatened "“
lumen dimmished and the muscular Layers 10
thickness HE x 1§

Ining of the tubes was pracucally mtact A%
betw een the mucosal folds were present 11
Vand VI On day 60 p 1, the tubes of 2%
were normal In monkey V., the mucosil o
} d and adk

were sull present &

intact and there was no mflammation 1 the tubal
muscutar layers n the subserosa or m the
parametria On days 35 and 60 p 1, practically no
1 1 signs of mnfl: 1on were found
1n monkeys 11 V and VI, there was infiltration
1n the tubal epithelium and the subeprthelal tissue
with abundant lymphocytes and some leukocytes on
day 4 p1 (Fig 1) On days 7, 14 and 21 p1, the
tamen of the Fallopian tubes contained an exudate
with lymphocytes and clusters of desquamated cells
The epitheliam was injured 1n some areas and a few
adhesions Were Seen petween the mucosal folds
(Figs 2A and B) On day 35 p1. a moderate
tory Teaction was found 1n the epithellum
i ue, but the epithelial
and 1n the subepithelral tissue,

110

number of inflammatory cells were 5&\“?
subepithelial tissue In monkey VI, the lume”
tubes was dimtnished and the tubal epitheis”
atrophic and flattened The muscular Ia)ﬂs‘
mcreased and mflammatory cells were pred
the subx v

tissue The

P
only mimimal inflammatory infiltration. mot
the subserosa (Figs 3 and 4)

Monkey III presented no signs of wnflam®

1 the tubes or parametria on days 4 and !
Autopsy onday 14 p 1 showed slight inflam®
mfiltration of the subserosa of the Fallopiant
while the muscular layers, the subepithelial
and the epithelium were normal Moderate 11
tion of mflammatacy. relle wme  Commrtatt
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His olog cal section of the parametria of monkey

wulated into the
thmus with ¢

Cavum uten afier 1 gat on of the
frackomat s mmunotype K day
foderate nflirauon of nflamma

ls parucularly around the bloaq vessels can be
E
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ra, parucularly around the blood vessels

' The

* ovaries Sections

€re Was 0o inflammaon 1n histological
the portio  the cervical canal the uterus

from the liver shawas

“> Culdrged and 2 greg number of

<¥tes  polymorphonuc

1asma cells were seey
und

onkey IV onday4p, g

traion was found
S N0 oedema On

ear leukocytes and
' No signs of fection

light mﬂammawry

1o the parametria uy
day 7p1 2 mate o

Wuuu P there wa o

though very slight were confined to the subserosa
of the Fallopian tubes and the parametna

Haematological find ngs Monkeys IIT and IV
showed a pronounced nse i the erythrocyte
sedimentatton rate (ESR) during the first week p1
viz from 3 t0 52 mm/h and from 2 to 60 mm/h
respecuvely In the same monkeys there was a
marked rise 1n the leykocyte count (LC) viz. from
8100 to 17 300/p! and from 6 700 to 10 600/
The other six monkeys studied showed no or only
shight changes i the ESR and the LC after the
infection (Table 1}

Isolation of C trachomaus Chlamydize coutd not
be recovered from monkey I during the Investiga
tionperiod In monkey If the orgamsm was 1solated
from the tubes and from the cul-de-sac on day 21|
P1 Inmonkey I € trachomans was 1solated from

13WIog cal sectian of (he Iver of

monkey Iif
.

y
2

lnzcuhled MO the uter ne cav 1y afer o
' .



TABLE | Enthrocrte Sedumentanon Rase (ESR) and Leukooyte Count (LCIx 103 tn Graer Morkass [
.

Exr with C

Stte of inoculation Monkey No 0
1 ESR ND?
Lc ND
Uterus
I LSR 2
LC 69
m ESR 3
Uterus (follow ed LC g1
by curettement)
n ESR 2
LC ND
A} ESR 2
Lc 81
Cervix
A% ESR !
Lc 54
Vi ESR 2
Lc 75
Controls
M ESR 3
LC 62

nre K (Monkeys =1 1) and in Tuo Control Monke s 01 a gt

Days post moculation

4 7 14 Ak
5 H 4 2 \D
58 58 66 N> ND
3 7 1 3 !
62 80 72 65 92
ND 52 NDb

ND 173 90

60 50 17 2 !
67 106 94 91 39
2 20 16 2 D
63 91 68 65 D
2 3 3 H nD
58 16 49 64 N
2 ND 4 4 ND
70 ND 68 66 ND
5 4 4 ND N
62 68 67 ND ND

aND - notdone
bMonkey IIl died onday i4p1

the cervix on days 7 and 14 p1 and from the
uterine cavity on day 14 p1 Samples collected from
the tubes and the fimbriae revealed no growth of
chlamydia nor did samples collected from the
surface of the spleen the nstestine and from the
lungs In monkeys IV V and VI chlamydiae were
1solated days 14 21 and 7 p1 respectively

From the control monkeys viz monkeys VII
and VIII no chlamydiae could be 1solated on any of
the sampling occasions

No mycoplasmas were isolated from the speci
mens of the eight monkeys collected 1n connection
with the faparotomies VW th the exception of sparse
growth of coagulase positive staphylococct 1solated
from the fimbriae and cul de sac day 21 p1 of
monkey 1T and of coagulase negauve staphylococcs
from the tubes of monkey IV day 7 p1 the

1 cultures were negative

bai:(lﬁady studres No antibodies to C trachomatis
were detected 1 serum drawn before the inocula

14p1)and \ or from the two control M
TgM antibodses were detected in monkeys Hz
while IgG antibodies were found tn monhe)
IV and VI (Table 2)

DISCUSSION

Salpingitis may be caused by an infecton

from adjacent organs generally an inflamed
dix or as mn the vast majortty of cases

infection ascending from the lower gemtal tf
principle 1Wo groups of ascending infections
recogmzed One type ss the so-called » gonoc
salpingitts 10 which the causative organism

the tubes from the cervix by canahcular sprea
the uterineé mMucosa to the tubes This ty
salpmngttis produces a suppurative ynflammat
the endosalpinx that may lead to tubal occl
The parametnia are usually not affected !
ynon g ! type of sal, the orga

dies to C 17
tions No IgM or 1gG a
v]/ere detected durng the nvestigaton pertod 1n the
serum samples from monkeys III (which died day

12

are believed to 1nvade the tissue throug 1¢
the cervical epithelBm OF of the sumw” *



2 Tises of Ighf and JeG Anubodes 10 C
natis 1n Grvet Monkevs Infected Experimentally
1 Organ sm and Control Monkers (+1f and YIID)

spleen Penhepastis also occurred  Acute fibrinous
perthepatitts reported already nearly fifty years 220
by Fre Hugh(4)and Curns (2) has been described

Days post 1noculation

14 n 35 40

1 M - - Y
186~ - -

i M -
G - -

32

128 512

1 M - -
B - -

~ - - -

G - - 1% 64

L 7 B
¥ - - - - 1

VI M - - 16 -
B - - 16

u B - - - - -
G - - e - -

m I - - - -
e - - - - -

onkey Illd edondav 14p 1

um and are spread via lymphatwes and blood
ssels 1o the tubes parametria and broad liga
2nis In ths latter type of salpingivis pronounced
Nammation occurs 1n the parametria The inflam
avon 1n the tubes 1s generally confined to the
tbserosa and the endosalping 1s usually unaffected

Besides beng caused by Nersseria gonorrhoeae
& mamarnea

wswpathological picture Stmlar to that found 1
hese later monkeys was demonstrated 1 two
atents with pyosalping caused by C trachomans
6)

The present study seems to indicate that chlamy
1ae may spread canalicularly from the cervix to the
pper genntal tracy W hent the tsthmus of the tubes.
has closed by ligatures 25 was the case m monkeys
Wand IV no imfammaton of the tbes or
Rrametr2 occurred However these two monkeys
Tessnted a marked rise 1n the ESR and the LC

Monkey 111 died on day 14 p1 Autopsy of this
Tonkey showed perstonstis and enfargement of the

asa of gonorrhoea Recently Mudler
Schoop and co workers (7) reported peritonits and
perthepattis in young women with high antibody
utres to C trachomatis

Autopsy of monkey 111 revealed no evidence ofa
generalized infection although the spread of C
srachomatis from the uterine cavity to the abdom:
nal organs probably occurred via blood vessets and
lymphatics Canahicular spread was not possible
because of the ligatures

In 1946 Fatk (3) reporied on cornual resection 1n
moce than 1 000 wemen with nfected Fallopian
tubes The patients were follow ed up for more than
eight years and not one Single ¢ase of recurrent
salpingitis was found Falk concluded that the
cornual resections prevented canahcular spread
from the cavum uter1 to the tubes and protected
against ascending organisms The author suegested
that 1n most cases of pramary salpingius gonococe
are the causatve agents and that such orgamsms
may ascend from the Jower genital tract through the
uterus to the tubes However he was aoly able to
recover gonococer from the tubes of these patients in
a few cases Chlamydial tnfecuon was not included
1n that matenial In the present study we found that
higanon of the wbal 1sthmus presented C frachoma
s from reachig the tubal epithelium and causing

N g hoae and C h both
mduce salpingitis which 1S very simular in histo
pathological appearance Also the method of spread
of the orgamsm to the tubes is the same.

Sequelae of salpingitis 1 the female 1s known to
cause ympared fertility and stenhity due to obstruc
tion of the Jumen of the tubes In the present study
C trachomans produced mflammation 1 the bes
of four monkeys In 1%0 to them tmonkeys [ and
11} the tubal epithetum was intact day 60 p1 and
there were no inflammatory reactions However in
monkeys v and VI the epsthelum of the tubes was
sull ot normalrzed on day 60 p1 Thus 10 monkey
\ the mucosat folds were thickened and adhesions
between the folds were seen while 1n monkey V1
the lumen was reduced n dameter and the
epitheltum w25 atrophic and flattened Such changes
may wnpede teansport of a feruhzed ovum from the
©OVary 10 the uterus thereby impairing fertity or
causmg sterhity and an increases risk of ectopic
pregnancy (14)

The present swdy showed that 1n grivet mon
keys C trachomans 1s sble to avack the subal
epithelium and produce salpingitis The mnfectton
way reach the tubes via canalicular spread from the
STV In some of the monkeys studied partal

ns3



TABLE Y Bacierial Strams Examuned

£ necrophorumt VPL6161 SPH 1 N 167

£ mornferum YPIO4T3 VPL 4299 VPRI 5698

F goncdaformans V01 04824 VDI 4381 VPl 4879
AP i1360

ATCC $501 VPIO499A VD142
Lilte 109

VPLAR7T VPI11936C VPI 12188

F rarm

F naviforme

£ russt VPEO30T VPL 10636 VPI 11018
£ plaun VPLO310 VPLOILL \PLO312
F nucleanym F1 F3 F5 F6 F7 F9 Flo Fii

T4 B8

LPS which contuns boh L any By
D h {20) (obtaped from D 0 L,
Fretburg FRG)

For anafysis of fatty 20d composton @
LPS(0 510 | 5 mg)were methan fysedntn™
methanol (15 ml) in teflon hned st v
85°C for 18 h (13} The fatn acd et &
extracted with hetane and treated with
anhydnde/acetomitrle (14) before GLC ons
column packed with 3 & per cent ST Y ~
6080 mesh {Serva Wewelberg FRG T .
temperature was programmed from 101 0"
rate of 2°C per mun Diherwre e &0

di wete as described above As ierd©

VP Vargina Polytechnic Institute and State Unnersity
Blacksburg Virgima USA

ATCC Amencan Type Culture Collection Rockville
Rochville Maryland USA

Lille Institute Pasteur de Lille Lille Frapce

Stratns SPH | and N 167 were recened from Dr
Justesen Copenhagen Denmark and Dr fecrens 1ile
France respecuvely

The F nucleatun strains were awn isolates

MATERIALS AND METHODS

Muicroorgamsms

The bactersal strains examuned are listed 1n Table |
They were cultivated 1n an enfiched futd meduem based
on tryptone (1} After harvesting by centrifugation the
cells were washed twice insaline and stored 4s a pasge at
~20 °C unul used

Isolation of LFS

Frozen cefls (1 g) were treated with constant stirring
with 45 per cent aqueous phenol (35) (5 ml) at 20 °C for
30 min The LPS were punfied from the water phase by
ultracentrifugation (100 000 > g for 90 mm) +nd by
treatment of the pellet with nibonuctease and deoyynibo
nuclease (8}

Gas L quid Chromatograply (GLC)

For the determination of neutrat sugars samples of
LPS were hvdrolysed 1n sealed ampoules with D) N
HCL for 48 b at 100 °C The hydrolysed samples were
neutralized with Amberlite IRA 410 HCO; form and
the aldoses converted 1o aldito! acetates (24) GLC was
pexformed by @ Perkin Elmer 900 gas ¢chromatograph

n s x tan, oAn

USA)} The carrier gas (N2) flow was 30 ml per min and
efector temperatures were 200 and
hereas the column was program
2°C per min D
from 180 to 240°C at a rate of

‘x‘;e:udasemwas wsed 38 an wterpal swandard The gas
chromatographtc peaks Wwere snsatvely :d{enuﬁe: :y
th those of standards

arng relephion times Wi
f:e’:ﬁ!mg a hydrotysate of 2 Salmonelfa 1 phumurium

she tnectar and de
250 °C respectively w

 hepiadecanoic acid was wsed ANHID I
AMixture (Supeloo Tac ) 3 hydroty tetrsdean
3 hydroxy hetadecanoc acid (Apphed Soer el
fies Ine State College Pennsyhana LS4+
as externd! reference standards

Paper Chromatography

For dentification of 200 sutars SIS
were first hydrolysed wieh 2 v HClat izt
Acid was remated from the hydrolysates by €
17 vacuo over NaOH peltets Circular paper 47
raphy was done ysing W hatman Ro 1 P
solvent system butan | ol pyndime Wkt (8
vol) Detecton reagents vsed were o
alkaline sifver mitrate (28}

Cotorimetrsc Determunation of ADO

The presence of hDO wés exammed b Beb
turic acid method (33) Samiples of LPS werels
with 002 N H-504 for 20 mun at 100°C T
denstty was exanmined in the range of 50010 b0
a peak at 550 nm was recorded as 2 positne™

RESULTS

LPS were obtamed m varymg yids &
strans listed i Table 2 and Table 3 The
neutral sugars and fatty acids accounted for +
per cent of the dry neght of the prert
When different batches of LPS from the s2
were examuped the tota) amount of newd
varied somewhat but the molar 13UeS
drfferent sugar consutuents were stmir

Heptose I which had a retenuon tme €
like that of L ghcero D mannoheptose w2s
m 2l LPS a5 a maw sugar camponent
particularly 50 in the LPS 1solated from the
of £ gomdigformans Galactose was fount
LPS preparations examined except thost
strmns VPI 4381 VPI 4233 and L
Glycose could not be detected 1n F pochre
SPH U F mortiferum VP 5696 and £
stram VPI 0499A but was otherw»/
present
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~ E2 Meutral Sugars LPS from E necrophorum

F moruferum F ganidiaformasns F sanum F

nanforme

Steasn VEI 4877 and F russi Strain ¥7 0307

\ofar ratios of

Les Neutral
s lactose  Rhamnose
" e fif; Sieprose} Heptose Il Glucose Galacro
16
rophorum v
616 Lds 102 \I 3
i V3t 178 s 1
1 : o
167 253 1ns
opniferum 03 04 05
PLO4T3 216 23 1‘ 0 %% o3
*pi 4249 616 259 i 08
#15696 548 105 1
= smdiaformans 01 02
P10I82A 188 ‘l g : A
pLazsL 1 26 ! o1 v o
P14379 166 148 o v o
PLL3s0 100 181 |
wrum ‘o
ATCCBS01 350 16 1 o1 [N L
-vEL0s994 353 203 | o7 v
VPLA234 321 319 | ! o8
e 109 082 145 1 0
1 iforme
\PLARYT 173 252 ) [N 02
st
VPIO307 V18 e t 04 10 09

Mg (reete-dried LPS obtataed from 1 g of wetbacterta
trace amaunts

plose |

prose Il

Paper chromatography revealed the presence in
Il LPS of glucosamine Galactosamine was not
stected Most preparations contained nrrohydrin
e witha faster
sobility than glucosamine As these compounds
fere sitver nirate negative {not reducing) their
iure was not examned

Smalt amounts {Jess than 1 per cent) of KDO
sere presens wn all LPS

Al LPS preparauons examimed contaned n
iradecanoic atid and 3 hydroty tetradecanoic acid
(Table 3} The LPS ssolated from straws of F
nuclcarum contaed 1 addition # hexadecanorc and
3 hydrovy hevadecanalc acd The former constuy
T was also present tn LPS prepared from F

retention ime GLC simuar to L ghcero-D mannoheptose
retenuon ume GLC similar 1o D gheero D mannoheptose

necrophorum SPH 1 F russr VPI 0307 and the
strams of F mortferum
Only small amounts of 2 non gelatinous matersal

were obtamed from the strams of £ plaun and the
VPl steains 11018 11936C and 12188 (Table 1)

These preparations did not contamn the LPS markers
3 hydroty teradecanoic acd and heprose  GLC
analysis mdicated onty small or minute amounts of

detected

mn



TABLE 3 Fain Acidse in LPS from F necrophorum F

mortiferum F gonid aformans F varum F mof

Strain VPI 4877 F russi Strain VP 0307 and F nucleatum

Stramn Fatty acids
o 140

F necrophorum

VPI6161 104 234

SPH | 163 253

N167 94 229
F mortferum

VP10473 264 191

VPI 4249 138 264

VPI 5695 149 177
F gomdiaformans

VPI0482A 101 353

VPl 4381 n1 314

VP1 4879 186 176

VPI 11360 134 240
Frarium

ATCC 8501 i 23

VPI0499A 161 3t

VP14234 190 2258

Lute 109 96 318
F naviforme

VP14877 91 211
Frusst

VP10307 140 174
F nucleatum

F5 F7 F10 Fl4 FI8 64-152 334 370

F1 [3 F6 F9 Fil 106-176 227-356

2) Some preparations contained 16 0 and a few 12 01n tracc amounts (<1 % dry weight)

140 p tetradecanoic acid
16 0 n hexadecanoic acd

DISCUSSION

The presence of the typical LPS constituents 3
hydroxy tetradecanoic acid kDO and heptose cha
racterized the LPS preparations from necropha
rum F moritferum F gomdiaformans F sarmum
F nucleatum (see also 1) F naviforme VPI 4877
and F russt VPI 0307 On the other hand no
constituents typical of LPS could be detected n the
extracted matenals of \ll!;,e‘ “116?456"::125 31;’ f 1”217§§'
F naviforme strains

s VP} 10646 and VPI 11018 It
fsngff;elrel:rs:x:csel ﬁm the fatty acid patterns of whole

118

30OH 140 3 hydroxy tetradecanoic acrd
3JOH 160 3 hydroxy hexadecano ¢ actd

Mol % of

30H 140 160 30H 10

766

613 134

71

656 53

472 264

662 161

647

686

824

760

765

687

75

682

789

681 145
3

385-40 7 292

289-439 s1-177 179008
el

cells of the same bactersal strains did not
hydroxy tetradecanoic acid or other knows it
fatty acids (12} The results ndicate that
particular strains of Gram negative bacten?
be devord of LPS or more likely the LPS 152
with respect to chemical composition This b
mically 1mportant aspect merus further !
using other extraction methods

The neutral sugars found in the present
L glycero D mannoheptose glucose galactos
rh are mon of bs
LPS D glycero D mar noheptose (hep,
study) 1s less widespread and has




- F nuclearum V) Proteus murabihs €16}
> \ulgarts (25) Yersuua pests (3) Yersma
olitica 29) Veillonella (6) and as pant of
soluble LPS of some photatrophic bactena
32) The sugar 1s apparenily an 1ntermed
\ the synthesis of L ghcero-D mannoheptose
-d 1t has been shown that L- and D ghcero-
moheptose may be part of the same LPS
molecule (7 15) Thus the LFS core st
[ Rhodospratfum tenue contans three molecu
L ghcero-D marnoheptose and one molecule
ghcere-D mannoheptose (Rad tepewska Le
personal communscation 1979
important finding was the ocurrence m the
nt LPS of L ghcero-D mannoheptose (hep-
)as a major component Within Enserobacte
e this 15 characterisuc of rough mutants
ver the LPS of F mucleatum stram Fev | has
ero-D mannoheptose as part of both the
acchande core structure and the O specific
«accharide (7)
dydrovy tetradecanoic acid Is a common cons
1t of bactertal LPS (21 36} The presence of n
fecanoic acid as the only non hydroxy fatty
m sigmificant amounts has been reported for
1solated from Pseudononas diminuta (37) The
of the F
confirmed the previous findings of 3 hydroxy
decanoic actd as a tavonomic marker of this

msm (4 12} 3 Hydroxy hexadecanorc acid has
[ —

)
he LPS of F morufertm VPI 0473 and F
um ATCC 8501 had higher contents of 3
~ToxY tetradecanoic acid than reported earlier (4)
Teason 15 possibly that alkaline hydrolysts
<h gives low yields of hydroxy fatty acids {14)
used tn the former study

“he results of the present study indicate that the
cture of £ & .

; « & species examined do oot seem
% difler markedly tn thetr chemical composition

—_—
€ study was supported by the Aoregiam Research

uncit f ¢ Science and the Human | es
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h mucrobsol scand Sect B 88 121-123 1980

IMMUNOCHEMICAL ANALYSIS OF THE TEICHOIC
ACID FROM STAPHYLOCOCCUS SIMULANS

ARVE OSLAND ARNE GROV® and PER OEDING

The Gade Instrute Department of Microblology Universiry of Bergen Bergen Norway

sand A Grov A & Oeding P [mmunochemical analysis of the teichoic acid from Sraphs fococcus
mulans Acta path pucrobiol scand Sect B 88 121-123 1980

he wall teichow acid of Staphylococcus simulons has been ¢baracterized ai a gtycerol phcsv!xale

alymer Wt linked N

©
nd serological simulartty to poly Cp from Staphylococcus saprophy ticus showed that the amino sugar

i 1n e P-configurauon

ey words Swphylococess simudans techoic 20 immunochemistry

4 Osiand Mukrobuologisk avdeling MFH bygeet N 046 Haukeland sykehus Norway

b 111y Ascepied 43139
' B

B . -

1
an skin Lhe Species 18 coagulase negative
nt from the statement that S somulans teichoie
contatns glycerol and galactosamine, no data
: been given on tus teichoc acd  More
wiedge of the teichoic actd s desirable parucu
r becayse aa overlap has been teparied of several
serties of § simulans with those of human
s of § aureus (4)

MATERIALS AND METHODS
agns
The type strain Sroph lococcus simulans CCM 2705
BOC 27851 . .

PR

long thase dewcribed 1n (4} were supphed by W E
o0 (Raleigh (SA) Bactema of these 9 stragns were
18 dgar PrecipiavOn etpenments

——

Dectased June 261h 1979

Standard Teichoie Acids (Pob sactharides)

Poly C, (a N acetylglucosaminyl glycerol teichoic
acd) from § hyicus VA 308 and poly Cs (N
acstylglucosarmny!  glycerol teichoic acd} (tom S
saprophyticus 3519 were produced according to (2 7)

Iolation of Polvsaccharide

The polysacchande from § simulans CCM 2705
{poly 2705) was extracied from whole bacteria using, 70
mM phosphate buffer pH 65 at 37°C Three
exueacuons £ach Jasting 24 b were performed Aaid and
ethanol precipitation as welf as punfication on DEAE
cellutose tW hatman Lid  England) and Sephadex G 100
(Pharmacia  Sweden) columns were performed as
deserived (7)

Qualuauve and Quanutatine Analysey

Bamples {1-5 m2) of polysacchanide were hydrolysed
with 05 ml 3\ HCI for 3 hat 100 °C or 6N HC for 20
b ot 105°C m sealed tubes flushed with nitrogen
Ctreular paper chromarography was earried qut W the.
Tollowing solvent systems
A Proganol NH3 HLOH6 3 L v/v)
B Ethylacewate pyridine HO(40 11 v/y)
T Buanot BAcHO(4 11 vjv)

The exammation of sug

gars and gugay alcohols as
BN Asrrva vor AF g n e 4

. .

1007120 mesh (Supelco Inc USA) Amino acds were

124



determined quantuatively as tnifluoro acetylated butyl
esters (8) with a glass column packed with Tabsorb
(Regis Chemical Co USA)

Hevosamines were determuned quantitauvely by a
modified Elson Morgan method (3) and phosphorus as
described 1n (10)

En_ymatie Treamment

Polysaccharides (0 05 mg/mi) were treated With 0 03
umts/ml 8 N acetylglucosamimdase (Boehringer BRD)
i 100 m\ sodium citrate buffer pH 4 4 at 37 °C for 40
h {7} Aflter treatment the reaction muxture was
neutralized and then subjected o double diffuston

Serological Methods

Immune sera were raised agamnst formahn kitled
bacterta by intravenous mnjections tnto New Zealand
w fute rabbus(5) Double diffusion n agar was performed
as previously described (1) Reaction between polysace
hanide and concanavahn A (Con A} (Sigma Chemical
Co USA) was carnied out as described in (7)

RESULTS

The polysaccharide was eluted from the DEAE
cellulose at a molarity of KCl between 0 37 M and
042 M Approximately 100 mg of purified
polysaccharide was obtamed from 100 g of wet
bacteria

Paper chromatography of 3N HCI hydrolysates
of the purified polysaccharide mn solvent system A
showed the presence of glycerol in addition to
glycerol 1 phosphate using periodate benzidine as
detecting reagent No ribitol could be detected
Chromatograms sprayed with molybdate reagent

one of the several lines produced agamst (0
bacteria

Antiserum to S saproph icus 3519
precipitation line aganst poly 2705 what
completely with the line produced by polj
crossed the antiserum/poly 2705 fme Moln
observed between antiserum 2705 and poh §,
was any hne observed between anuserum:
hyicus VA 308 and poly 2705

Treatment of poly 2708 with p N axtil.

dase destroyed Its togical activity &

anuserum 3519 but not against aptienn
The enzyme destroyed the serologual auv
poly Cg but not that of poly Ca

Poly 2705 and poly Cg produced nolnez
Con A whereas poly C. did

Anuserum 3519 produced a precip (o
fusing with that of paly Cz with bactnt
CCM 2705 and 7 of the 9 additional § s
strains tested

DISCUSSION

The teichoic acid from § sufans COM 20
N acetylglucosaminy] glycerol teichoic aod
indicated by the demonstratton of glyeerol!
phate glycerol diphosphate and glucosam”
reported demonstration of galactosaminé
teichorc acid of thus stramn (4) 15 not i a®
with our results Glucosamine was the onl
sugar present 1n the poly 2705 preparat®
results showed that the glucosamne s f g!‘)f
ally linked Both the susceptibility 10 §

1 dase and the lack of reacton ¥

showed only two spots one corr to
glycerol 1 phosphate the other to glycerol diphos
phate

Paper chromatography of 3N HCl hydrolysates
1n solvent system B and C showed the presence of
an amino sugar as detected by the silver mitrate and
ninhydrin reagents The amino sugar was identified
as glucosamne by gas liquid chromatography No
galactosamine would be detected The amounts of
phosphorus and ™ acetylglucosamine estimated by
colorimetric analyses were 6 3 per cent and 10 3
per cent respectively  the molar rato of N
acetylglucosamine to phosphorus thus being 0 23 to
k Quantitative analysts of amino acids by gas hquid
omatography showed the preser:ce of thgal usual

lycan amino acids vz alanne  glycmne
gfft:‘r,noli);qd and lysie the amounts being 0 07
009 008 and 004 pmoles/mg_respectively
Antiserum to S sumulans CCM 2705 bacterta
roduced one precipitation fine against purified poly
5705 This line showed a reaction of 1dentity with

chr
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A support this Furthermore the serolog 2l
reaction with poly Cg shows that these texcho!
have common antigemic determtnants \
One difference between poly 2705 and &
the degree of sugar substitution The sugar st
tton 1n poly 2705 was found to be only 20
cent whereas 50 per cent of the glycerol et
poty Cg are sugar substituted (2) The effect
acetylglucosamintdase on the himited nuft
sugar determmants 1 poly 2705 el
serological reaction with serum 3519 but
apparent effect on the poly 2705 line which!
hikely due to the glycero] phosphate
Serological differences due to different def
sugar substitution have been demons(raled
(2 7) The amount of antibodies with ¢
against the glycerol phosphate seems to def*
the degree of sugar substitution The 2705
rum apparanily contains antibodies prima!

rected against the glycerg] hate by
antibody against the suqm/] , £y



-y Cy has earlier (6) been d

warners Siaphyl captis Stophyh kd

gically 1n several strams belonging to different
~» of Staphylococcus recently described (4 9)
- resence of the poly Cp preaipitation lne 1 8

f the 10 § sumulans strams tested 1s 19
lance with this B N acetylglucosamine thus
~ to be the immunodommant determmant of
Achote acids of most of these species
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EPIDEMIOLOGY OF PSEUDOMONAS AER UGINDSA
INFECTION IN PATIENTS TREATED AT A CY. STIC
FIBROSIS CENTRE

NIELS HOIBY and KIRSTEN ROSENDAL

uaters Seruminsuret Departement of Cumcal Microhwlogy at Hvidovre Hospial and Deparument of
Hospital Infecuons and the Paediatre Clintc TG Rigshospialer Copenthagen Denmark

qaby N & Roserdal A Epdemialogy of Peeudamunas gerupingsa mfecion in patients treaved at 2
ysuc fidrosis centre Acta path microbio} scand Sect B 38 125-131 1930

183 wolates of P qeruginsa were obtamed {rom the respiratory tract of 45 out of 70 cystc fibrosis
CF) patients 2¢ monthly exammations duaig one year at the Danish CF Centre All 15olates were sero~
2rouped (O anugeds) and phage typed and m this way 99 per cent of the wolases could be grouped
mdsor typed The sofates from CF pauents belonged to many different sero groups but 55 per cent

aere polyaggluunable and most of these belonged 10 the 0-3/9 comoles This was «ign fimantty

1 Macamt Fonme &

f
[

b e e wiah was 1s01tee from 1 (22 per cent) of the patients belonged
to the 0-3/9 complex and was lysed by phage 109 either alone of 1n combinaton with a few other
phages Furthermore in a few cases the eradicaton of another stran of P geruginosa by chemetherapy

was followed by colonizauon of the lungs Wih the ghove man et =

]

[
Iy
wmew WUy UL UE Palents
key words s aeryginosa markers ypure
cystic fibrosss cross mlecuon
N oy of Cunical ¥

{Lopenhagen N Denmark

ved 61 79 Accepred Vi 19

Seudomonas aerugimosa notably mucoid stramns
a1 frequendy in the respiratory tract of cysuc
ous {CF) patients m contrast to most other
ups of pavents (16) The reason foc thus
xuvon between CF and P aeruginosa 15 not
MR but the possibility of eross wfectian exists
JUmENt the Drevatoncn Af ~fam

& bacts -

ires »

)t;a; 2.6 UuL rept separate (om each oihes (3,

D afd 7306 Tagensvey 18 DK-2200

The atm of the present swudy was 10 imvestigate
by means of O grouping and phage fypmg the
epwdemiology of £ nerugmosa infection in the CF
pauenss observed at the Danwsh CF Cestre during
ane yes

MATERJALS AND METHODS
Patiems and Bactcrsal Marertal

o uus work a P aeruginosa isolate dicares 1he
Qescendants of a pure culture of £ aeruginnsa 1sdlated
Trom 2 $i28' specimen from 2 pauent A P geruginosa
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stramn indicates several separate 1solates from one or
more patients of P ageruginosa assumed by O grouping
and phage typing to be descendants of the same 1solate

During the period of this study Uanuary Ist to
December 3ist 1973) about 90 CF patients were
observed at the Damsh CF Centre as reported

Bacteriophage 1 ping was carexed out by th ~
and typing set of 22 bacteriophaces (phages 7 1§
31 44 68 73 F7 F8§ FI0 109 115x 3§71
M6 C2 CI1 CI8 C21 188)obtaned from:
Infection Laboratory Colindale Avenue Lo ¢
the isolates were not lysed by the pha~
of RTD {routime test dilution} &

previously (10) These pauents are d as out
patients each month or further during hospitalization
and bactertologrcal examemnation of sputum or laryngeal
secretion Is carried out as reported previously (10 13)
During the one year period of the study $5! isolates of
P aeruginosa were obtained from S50 sputum or
laryngeal secretions from 53 of the CF pauents (13) and
484 (88 per cent) of these 1solates from 45 patients (85
per cent) were available for the present study

Age and sex distnbution of the CF patients 21
females 24 males mean age 9 years range Y-25
years 36 of the CF patents were chronically infected (Z
6 months continuously) and 9 intermuttently (10)

Twenty seven of the pauents are stll alive (1978)
whereas 18 have succumbed From 35 of the patients (78
per cent) P aeruginosa was 1solated one or more times
two years later (1975) and these 1solates have also been
O grouped and phage typed to see whether the same
epidemiological types were still present 1n the patients
All the P aeruginosa 1solates were stored at room
temperature 1n the dark 1n meat extract agar sfants with
sealed corks as reported previousty (3 25)

tions of 100 x RTD were used When thephs
patterns were mterpreted tsolates were lloral
by as much as 1o strong reactions with u
betng regarded as different (1 2) Isoltes ¥t
not be lysed by any of the phages by any ofte
were designated NTu

The predominating strain belonged to e
complex 3/9 {see Table 2) and was hvsed by
ether alone of tn combination with other pha
patterns this stram 1s referred to as 0-3/3 ™

Precipitaning Antibodies against P aerug o<

Sera from all CF pauents were exammed
the presence of precipiatng antbod ¢s &
aeruginosa by means of crossed 1mmunoelt
as described previously (11 16) The largestd
precipitating  antibodres  determined 1 Y
during the period was used for the calelio
study

Carbemcillin resistant Isolates o
y to carbeniarllm was determ ®

The contro! matersal of 501 P aerug:
1solates from blood cultures from 501 patents with
bacteraemta from hospitals alt over Denmark submrtted
for typing during 1969-1977

Mucoid non mucoid variation 1s not dealt with in this
paper since this phenomenon has been anafysed in
several papers from this laboratory (3 11 13 15 16
18)

Typing and Grouping Procedure

All 1solates originaung from each patient were typed
and pruupad on ke Sune Wy Ore sduvdivue was Tete
on 5 per cent blood agar before the typing procedure

Sero grouping This was performed by sltde agglut
natton with live antigens from an overmight § per cent
blood agar culture The antisera corresponding to Habs
O groups [=12 {19) have been described previousty (24
25)  Self agglutinating 1solates (SA) aggtutinated n
sahme and non groupable isolates (NG) were not
agglutinated by any of the sera When interprenng the

during the period of study by means of R
(Rosco a/s Tistrup Denmarh) as descre
manufacturer {direct method) Isolates were¢
1 be resistant to carbenscilita 1f the MIC el
the regression curve of the manufacturer %5
m! The compositton of the sensitivity mednn
reported previously (200

Stanstical Methods

The fourfold table test and the Mann ¥
were used Level of signtficance § per cent (4
tests) (5)

RESULTS

Sero grouping
About 95 per cent of the 484 isolates
grouped (Table 1) but more than halfoft
The most p t0s

results the mamn rule was that if
solates were serologically different then they were
considered truly different (1) However this rule cannot
be strictly adhered to hecause of the related 0-2/0-5
antigens and the related 0-7/0-8% antigens (19 26)
Furthermore many of the P aerugtnosa 1solates from
CF patients are polyaggluunable (agglutinated by more
than one serum) (1 21) and 1t has been shown that
Jysogenization can change a monoagglutinating nto a
polyaggiutinating strain (sero conversion) (19 21) In

pol
the 0~3/9 which was harboured by mor¢
the pattents In 10 (22 per cent) of the pat¥
was a shift of sero group between 0-3 o
or the 0-3/9 complex (see legend to Tab
Table 2 shows the prevalence
infectious episodes caused by the different
of £ aeruginpsa in CF pauents and m anot
of patients serving as control Polya
tsolates belonging to the 0—3/9 complex P

thod for
es therefore the main me
;‘;:\l:/zrs\ drfferent steams 1S ot sero grouping but phage

typing
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eibction into O Groups of 484 P aeruginasa Isolate: Culiured from 45 Cysic Fibrosss Patients duftng
Gr g1 fates Cult
LE 1 Distribunon s of

Number of fsolates

Number of Patients

Harbouring the Isolates
oup
3 4
33 (3% 11024%)
10 ;
' 753 smy | GOV 100Q22%)
4 2
2 2
' H 2
e
'
3 ]
5 25 (:
I 1
® 207 (43%) 2?‘56%)
M ! (55%) H
” Y :
nIy s !
509 3 !
A6 10 :
131519 n
agg) (SAY 23 (5%} 8
+Group (NG) 3 (05%) 3

#xe footnote (o Table 2

011ty of the ssolates from the control group were

> yaggluunable and most of these belonged to the
twally refated 0-2/0-5 groups and 1e muipally
ued 0~7/0-8 groups The distnbution mto O
ups of a large number of non bacteraemi I

* #ginosa 1solates from non CF payents 1s stmilar

- that of badteraemic sodates presented m ts
%t (Rosendgl manuscript in preparation)

1ge Thpng
The number and percentage of P arruginoss
es, Bpet oy b vl henges usd oy
. g P acrugmosa are shown 1 Table 3 Fifty
, 160 centof the xsoh\a were lysed by phage 109
PRETNRAS
"‘ e
s

a . . -

b ot BLEE -4 wheh ca 4 e
retor
Lund
G,

Combined O grouping and Phage Typing

3% hen these two procedures were combined only
five {1 per cent) of the ssofates ongmaung from fise
CF pagents were non groupable aad non typable
¥ e the results of the remaining 479 1solates were
analysed 13 different eprdemiological stratns of P
aeruginosa were present in more than one CF
pauenc {Table 4) thus mndicaung that cross
wfectons bave probably occurred between these
pacenss These scross infecung « strains comprise a
total of 48 per cemp of all the 4&4 P aeruginosa
‘eq0ndtes Andoha ow =

4w ox geruginesa safecton This epdernmological
P oerugimosa  stram was rate i the control
mateial (< | per cent)

Nne of the CF patients harboured P aerugmosa
imtermittently dunng the one year pertod of the
study 2n¢ thres of 1he chromcally mfected patients
were temporandy free from £ aerustnosa @

P

35 paueiny ine eprdemic 0379 type 109 = strain
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strain wdicates several separate 1solates from one or
more patients of P aeruginosa assumed by O grouping
and phage typing to be descendants of the same ssolate

During the penod of this study (January Ist to

December 31st  1973) about 90 CF patients were
observed at the Damsh CF Centre as reported
previously (10} These patients are as out

Bacterophage typing was carned outbv i ¢
and typing set of 22 bacteniophaces (phagy 1 16
31 44 68 73 F7 F8 FI0 109 N9t 304 4y
M6 C2 Cli CI18 C2I 188)chanedfon*ely
Infection Laboratory Colindale Avenue Lo.d 1
the 1solates were not Iysed by the phus
of RTD {routime test d fuuon) »

patients each month or further duning hospitalization
and bacteriological examination of sputum or laryngeal
secretion 1s carried out as reported previously (10 13)
During the one year period of the study 551 1solates of
P aeruginosa were obtained from 551 sputum or
laryngeal secretions from 53 of the CF pattents (13) and
484 (88 per cent) of these 1solates from 45 pauents (85
per cent) were available for the present study

Age and sex distribuuon of the CF pattents 21
females 24 males mean age 9 years range 4-25
years 36 of the CF patents were chromically infected (2
6 months continuously) and 9 intermuttently (10)

Twenty seven of the pauents are sufl alive (1978)
whereas 18 have succumbed From 35 of the patients (78
per cent) P aeruginosa was wsolated one or more times
two years later (1975) and these isolates have also been
O grouped and phage typed to sce whether the same
epidemiological types were sl present 1n the patients
All the P aerugmosa 1solates were stored at room
temperature 1n the dark 1n meat extract agar slants with
sealed corks as reported previously (3 25)

The control matersal consisted of 501 P aerugmnsa
1solates from blood cultures from SO1 patients with
bacteraemia from hospitals all over Denmark submitted
for typing during 1969-1977

Mucoid non mucord variation 1s not dealt with in (his
paper since this phenomenon has been analysed in
several papers from this laboratory (3 11 13 15 {6
18)

Typing and Grouping Procedure

All 1solates oniginating from each patient Were typed
A’ oy’ OF dhe ey Sine sodmiore was mast
on § per cent blood agar before the typtng procedure

Sero groupmg This was performed by shde aggluu
nation with live anugens from an overnight § per cent
blood agar culture The antisera corresponding to Habs
O groups 1 17 (19) have been described previously (24
25} Self agglutinaung tsolates (SA) agglutnated 1n
sabne and non groupable isolates (NG) were not
agelutinated by any of the sera W hen mnterpreung the
results the mam rule was that if' monoaggluunable
ssolates were serotoplually different then they were
considered truly different (1) However this rule cannot
be strictly adhered to brcause of the related (-2/0-5
antigens and the related 0 7/0-8 anugens (19 26)
Furthermore¢ many of the P aerugmosa isolates from
CF patients ar¢ polyagglutinable {agglutinated by more
than one serum) (1 21} and it has been shown that
lysogenization can change a monoagglutnating nto a
polyagglutinating strasm (sero conversion} (19 21) In

tons of 100 x RTD were used Whenthep
patterns were interpreted tsolates were allon.db
by as much as two strong reactions without 885
being regarded as »different (I 2) 1olaesut
not be lysed by any of the phayes by any of ker
were designated NTu

The predominaung strain belonged t e
complex 3/9 (see Table 2) and was fysed b
etther alone of in combination with other phess
patterns this strain i referred (o as 0-3/9 o

Precipranng Antibodies against P aerugned

Sera from all CF pauents were examimed o
the presence of precipiatipy antibxes &
aeruginosa by means of crossed immunockd ¥
as described previously (11 16) The largesta ™
precipitanng  antibodies  determined i ah
during the period was used for the calalai®

study

Carbemcillin resistant Isolates

Senstrvity to carbenicilln was determ et
during the period of study by means of Nt
(Rosco a/s Tastrup Denmark) as ds nN’P
manufacturer (direct method) Isolates were &
to be reststant to carbeniciliin f the MiC & VJ:
the regression curve of the manufacturer 38 <
mi The composttion of the sensitovity med o8
reported previously (20)

Staustical Methods W’

The fourfold table test and the Mann Wh
were used Level of sigmficance 5 per centtd
tests) (5)

RESULTS

Sero grouping "
About 95 per cent of the 484 isolates @
grouped (Table 1) but more than half of o
polyagglutinable The most prevalent o
the 0-3/9 which was harboured by more”
the patients In 10 (22 per cent) of the Pt
was a shift of sero group between 0-3 of V"
or the 0-3/9 complex (see legend to Tk
Table 2 shows the prevalence of &
infectious episodes caused by the different 0!
of P aeruginosa in CF patients and tn anothf
of patients serving as control Polyagt?
1solates b g 10 the 0—-3/9 complet Pt

a method for
ch cases therefore the may
fv:lween different strains 1s not sero grouping but phage

typing
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1 0 strbuton vito O Groups of 484 P aerug:ax;cesay

Number of [solates

Isalates Cultured from 45 Cyst € Fibrasts Patents during
207

Number of Paients

Harbouning the Isotates
sup
4 4
43 (18%} 1124%)
5
s 2
1 g5y | HOW 10422%}
4 2
2 2
7 2
]
]
o 25 e’.
) 1
' 207 (43%) 2§(ss%)
' 1
) H (55%) H
49 3 l,
3% 3 !
§19 10
31519 1 \
gl (SA) 23 (5%) 8
Group (NG) 3 05%) 3
2 footnote 0 Tahte 2

oniy of the 1solates from the control group were
agglutinadle and most of these belonged to 1he
wally Telated 0~2/0-5 groups and the mutually
ted 0~7/0-8 groups The distrtbuton e Q
ups of a large number of non-bacteraemic P
uginosa 1solates from non-CF patients is sumilar
that of bacteraemic isolates presented mn this
®1 Rosendat manuscnipt i preparation?

ige Tvping

The number and percentage of P aeruginosa
lates ysed by the individual phages used for
Mg P aerugingsa are shown in Table 3 Filty
xz D’e’f C’ml of the solates were lysed by phace 109

¥

* i ety of the 45 CF panents harbovred P
“Yaginosa strains which could be lysed by phage
¥ Each iolate was lysed on an average by four
Bges lange 1-14) which 1s not different from
*i2 Tomteol group and 190 mpanerns of ysis were

#mnd Only four per oem of e CF 1solates were
Akt

Combyped O grouping and Phage Typing
W hen these th o procedures were combined only

five (1 pes cent) of the ssolates ongsnaung from five
CF patients were non groupable and non typable

W hen the results of the remaining 479 1solates were
anatysed 13 different eprdemiological strains of P

aeruginosa were present n more than one CF
patent {Table 4) thus jndicaung that cross

wmfecuons have probably occurred betmeen these
pauents These ncross nfecung « stratns comprise a
total of 48 per cent of all the 484 7 aeruginosa
isolates and the most prevalent (104 1solates = 21
per cent} was the 0~3/9 type 109 = strain which
was 1solated from §0¢22 per cem of the CF patients
with £ aeruginosa safection This epdenmologieal
P aerugnosa  stran was rare m the control
matenal (< [ per cent)

Nune of the CF patients harboured P aerugimosa
mermittestly during the one year period of the
study and three of the chromically wfected patients
were temporanly free from & aervgtnasa

uise pauents the epidernie 0~3/9 type 109 = slrz:n
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TABLE 2 Percentage of Infections Caused by Different O Groups of P aeruginosa Jsolated from a Groyy.
Fibrosis Panents Treated in the Damish Cysue Fibrosis Centre and a Group of Non Cystic Féross Fan
Bacteraena from Hospuals all over Donmark

Percentage of Infecions Caused 1n

O Group CF Pattents
0-1 44
020

0-3 121
04 55
0-5 22
06 1o
0-7%

0-3%

0-9 22
0-10 22
0-11 22
0-12

0-1/10

0-2/54 66
0~3/9 complex® 396
0-5/6

0-6/10

0-7/8%

SA+NG 121
Total Number

of Infections 910 (100%)

non CF Patients with Bacterae

12
18

501 (100%)

) Some authors (19 26) do not consider 1solates agglutinable by 0-2+0 § and 07 +0-8 as polyagalut

the 0-2 and 0-S$ antigens as well as the 0-7 and 0-8 are related
b) The 0~3/9 complex mcludes the related polyagglutinable strains 0-1/3 0-3/6 0-3/9 0-6/9 ¢

-719
nf

0-3/5/6 0-3/6/9 0-~2/3/5/9 as strains tsolated

q 1y from individ

] patients

these strains shifted frequently between some of these serogroups

replaced the original stratn n two cases following
successful chemotherapy against the original strain

On an average two different strains (range 1—4)
judged by combined O groupimng and phage typing
were isolated from each patient durmg the one year
period However 1n patients harbouring more than
one strain during the year one of the strains
predomunated and on an average 77 per cent of the
wolates (range 50-96 per cent) from each of these
patients belonged to the predomunating strain

P geruginosa Strains were mvestigated from 35
of the CF patients two years later (1 975)and 27 (77
per cent) stll harboured the same epidemiclogical
type whereas exght (23 per cent) harboured anot}h/egr
type and three of these had contracted the 0—

type 109  strain

128

Correlation berween Antibody Response «
group of P aerugmosa

On an average CF patents harb
aeruginosa of the 0—3/9 complex had a ¢
(p < 005) longer duration of the P ¢
infectron (mean | 8 years range /-6 ¢
significant (p < 0 02) larger number of
(mean = 162 range 0-51) as compar
patients harbouring P acrugmosa bek
other O groups (mean 08 years ran
years mean number of precipitins 64 :
21) Furthermore CF pattents harbour!
than one eptdemiologtcal P acrugino:
during the one year period of the stud
significantly larger (p << 0 05) numbeg—s
tins (mean = 16 S, paneg 0-51)as



3 43¢ Pseudomonzas aerugtnosa Jsalates from
Febrous Panents Mumber of Isolates Lysed by
1 of the Bacterophages of the Typing Set

—_—_——

1erophage Number of Isolates Lysed

7 68

16 37

] 53

2% 13

3 14 (24%)
i 131 27%)
0 176 (36%)
”

1 100 (21%)
F3 108 (22%)
FIO o

109 268 (55%)
119 8

et 145 A24%Y
1214 151 (31 %}
At k1Y

Mo 9

« 57

cu 114 24%)
Cig 9

[&]]

188 127 (26%)

—_—

on Typable (NTu)

20 (4%)

CF pauents harbouring only one strain {mean =
86 range D-29)

Correlation between Lethality of the Patiens and
Epidemuological Types of P aeruginosa

CF patients harbouring polyagglutmable stratns
had a signtficamly higher lethahty (52 per cent) as

d 1o patients b only

nable strams (14 per cent p = 0 05} Furthermore
CF patients harbouring P aeruginosa strams of the
0-3/9 type 109% complex had a sigmficantly
tugher lethality (§9 per cent) compared with patents
barbouring other strams (22 per cent p = 005)
These results are based on an observation pesiod of
five years

Correlation between Resistance to Carbemicilfin and
Tipes of B

Eighty four 142 per cent) of the 198 wsolates
which were tested against carbentctiltn were resis
tant to that drug However, these carbenicillin
Fesistant ssolates were distributed into many diffe
rent eprdemiological types without any remarkable
dufference from the distribution mnto types of (he
remarning carbentcillin sensiuve 1solates

DISCUSSION

Although the 12 O grouping sera used 1n the
present work do not cover 2ll the O groups of P

ILE & O Groups and Phage Tspes of Epidenic Pseudomonas aervginoss Stramms Isotated From Two or More
Cysuuc Fibrosis Potients

Number of Patents

roUp  Phage Type N;s;i::[ Harbouring the
Isofates

v

K 10920 14 Ey
X7 2 4

L ~g;u/e>x/|=x/1t)9/|l«h‘/uw'\wm|/C2|/|88 29 3

} 23/44/F8/109/352/1214 ; :

4 88/73/11%R/C2C1 [

{ﬁ 1214/ 1880 7 i

b 7/|b/2|14416H/F7/109/|214/\|6/

o e C2/C2t ‘2 2

b 7/2:/6! H

: 19 ; :
BI04 (681F 871097119 3

3 A /119 /1214/M/C11/C21 1188 j 2

2

9% designates

strains b b
) trpedat 100RT D 'ysed by phage 109 either atone of (i short pacterns) in combinations with other phages
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aerugnosa {19), 95 per cent of the 484 1solates 1n
the present work could be O-grouped, and the
additional phage typing left only 1 per cent of the
wsolates as non-groupable and non-typable, thus
underlining the value of the combined grouping-
and typing-procedure In this connection, 1t should
be stressed that the predomnance of a <ingle
epdemuological ype in the matenal from CF
patients 15 not due to lack of diser of the

accordance with other authors (23} zadvr
strains were sensitive to tobrarmyan iy
data}) This s in accordanoe with |
published laboratory experiments (2%
From an emdennologieal pormt of v
present results show a high prevalence of t
type 1092 strain among the patens o
Centre This strain 15 <eldom found
h Is m Denmark, which would 0l

methods used, since the control material and
previously published results from this laboratory
showed a completely different distribution of
epidemiological types of P aerugimosa (25)

In contrast to the control group of other patients,
nearly half of the 1solates from CF patients 1 the
present matenial were polyagglutinable This is 1n
accordance with results obtained by other authors
deattng with £ acruginosa from CF patients and
other chronic respiratory diseases (19, 21, 26, 28)
It has been questioned by fir & Erdman (26)
whether the anugens responsible for these cross
agglutimations are O-anugens, although they are
heat-stable However, according to our imvestiga-
uons {12, 14) only the polysaccharides are heat-
stable, and they contan the O-antigens so 1t would
seem likely that the polyagglutination 1s caused by
anngeme determunants on the O-antigen-carnyang
polysaccharides The problems of polyagglutinab:
Ity concerned almost exclusively the predominant
0-3/9 complex

Durning continuous infections m the individual
patients, subsequent 1solates frequently changed
polyagglutinability although the phage typing re
sults were identical Since polyagglutinability may
be caused by lysogentzation and can take place both
urvitro and i s no 1n expenimental ammals (19, 21)
our results indicate that lysogemzation and sub
sequent seroconversion actually take place i vnom
chronically infected CF pauents

Another property of P aeruginosa solated from
these pattents s the ability 1o produce mucod
substance {3 13 27) which also seems to be phage-
dependent (19 21 22) There 1s positis e correlation
between these two independent bactenal properties
and the antibody response of the host The complex
antibody response to muluple antigens from P
gerugmnosa 1s most pronounced in patients haf‘}‘:"

- 1S

ween

«ours

;(;;nns with these two properties (3, 17} 1t s not
fikely that selection bv means of chemotherapy hus

cross-mnfection takes place bereen the
1n the centre, as pointed out previowsh ¥
accumulations of wendeme« strams of 7
nosa have been reported from other CFe
6.9, 27), but the endemtc types were &l
the 0-3/9 type 109 % strain a1 our cenlt
The subsequent isolauon of @werdl
epidenmc types from the individual CF g2
with one predominaung stram has &
obsenved by other authors (4) This s %
a reflection of the high rate of cross mfets
these patents
The 0-3/9 type 109£ stran 1 16N
most of these cross-mfections This St
be espectally virulent for our CF paue®
associated with prolonged mnfecuon and s
of the lethality m our CF pauents &
previously (18) This 1s not a speel fast
endemic P geruginasa strain at our CFotr
other authors (7) have descbed 2 sl
and prevalent P acruginosa strain of anott
their CF centre However. despute of the €
of endenmc P acruginosa strains, the prv‘
CF patients treated 1n such centres 1 ™
than that of CF patients treated outside t
(8) and CF patients treated outside the &
also contract P acrugmosa snfection (e 4
lished observauons) Accordmg to the€
therefore 1t 1s obitously rmportant o wk
elimnate the routes of cross-mfecuon !
centres and posstbly also other places ¥
patients are treated n order 10 dam
prevalence of P acruginosa wfecuon 30
further reduce the lethaluy of CF patient:

\iss Annetrc Frommelr and \tiss 4nrt 8
thanked for shilful techmical assistance
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aeruginosa (19) 95 per cent of the 484 isolates 1n
the present work could be O grouped and the
additional phage typing left only | per cent of the
1solates as non groupable and non typable thus
underltning the value of the combmned grouping
and typing procedure In this connection 1t should
be stressed that the predominance of a single
eprdermiological type n the matenal from CF
patients 1s not due to lack of discnmination of the
methods used since the control matenal and
previously published results from this laboratory
showed a completely different distnbution of
epidenmiological types of P aeruginosa {25)

In contrast to the control group of other pattents
nearly half of the isolates from CF patients in the
present material were polyagglutinable This 1s 1n
accordance with results obtained by other authors
duabng with P acruginosa from CF patients and
other chronic respiratory diseases (19 21 26 28)
It has been questioned by Pur & Erdman (26)
whether the anuigens responsible for these cross

i are O Ithough they are
heat stable However according to our imestiga
uons (12 14) only the polysaccharides are heat
stable and they contain the O antigens so it would
seem likely that the polyagglutination 1s caused by
anugenic determinants on the O antugen-carrying

accordance with other authors (23) andwre.
strains were sensine to tobrmyan ( 3
data) This 1s 1n accordance Wb §
published laboratory expenments n
From an epidemological pont of v
present results show a high prevalence ot
type 109 strain amone th s g™
Centre This strain 15 seldom fund ¥
hosputals i Denmark which would v
cross infection takes place between the CFt
1n the centre as pointed out previoush {19
accumulations of »endemice STams otz
nosa have been reported from other Cham
6 9 27) but the endomc types wered firn
the 0~3/9 type 109+ stran at our cerrtll
The subsequent isolation of several ¢
epidemic types from the tndndual CF rc"\
with one predomnating stram has ﬂ:ﬂ
obsenved by other authors (4) Thiss o
a reflection of the high rate of 10 1nfecu 2
hese patients
‘ Thep::)-ll‘) type 109 stam s r:sM:F
most of these cross mfections Ths €2t
be especially vrrulent for our CF N‘”“;
associated with proloneed mnfection and » "
of the lethality m our CF pauests L3S

previously (18) This 1s not 2 special fa v
d P acrugin

1

polysaccharides The problems of poly
lity concerned almost exclusively the predomunant
0-3/9 complex

During continuous infections n the indivdual
patents  subsequent 1solates frequently changed
polyagglutinability although the phage typing re
sults were wdentical Since polyasglutinabiity may
be caused by lysogemzation and can take place both
wvegro and a1 vno 10 experimental ammats (19 21)
our results indicate that lysogemzation and sub
swquent seroconversion actually take place mynon
chronually infected CF patients

Anther property of P aerugmosa 1solated from
these patients 1s the ability to produce mucord
substanee (3 13 27) which also seems to be phage
dependent (19 21 22) There 1s positive correlation
between these 1wo ndependent bactertal properties
and the antibod) response of the host The complex
antibody response to muluple anugens from P
aeruginosa 15 most pronounced 1n patients harbou
ring mucold strains of the 0-3/9 complex (11} Tt1s
therefore possible that 1t 1s the wteraciion between
bacteria and antibody response which favours
stramns with these (%0 properties {3 17 Tt1s not
1ikely that selection by means of chemotherapy has

stran at our CF “'“‘:
other authors (7) have described @ Slmlld!ﬂ:“
and prevalent P acrusinosa strain of anoth’ "
their CF centre Howenver despite “f‘hmm:\
of endemic P aeruginosa SUaIns the N“"h
CF patients treated in such centres i m“'u
than that of CF pauents treated outside lhfr\
(8) and CF pattents treated outside the et
also contract P acruguiosa mfection U#¢ b ;
lished observauons) According 10 thew ;
therefore it 1s obvtously mportant 10 |du\ﬂl1
elimnate the routcs of cross mfection 1 "‘
centres and possibly also other placss *¥
patients are treated mn order 1@ dlmm‘{
prevalence of P acrugmisa mfection and
further reduce the lethality of CF patiefis
Miss Amettc Fr mmeli and Miss Anm B H
thanked for shilful technical assistance
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OCCURRENCE OF OCHRATOXIN- AND CITRININ-
PRODUCING FUNGI ON DEVELOPING DANISH BARLEY
GRAIN

E B LILLEHOJ and B GORANSSON 2
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Dept Microbiotogy Swedwh Umv Agrc S Uppsala Sweden

Lilehoy E B & Goransson B Occurrence of ochratoxin and cinmn producing fung: on developing.
Damsh barley gram Acta path microbiol scand Sect B 88 133-137 1980

The distnbunion of Aspergittus and Pemcilfium spp 1solates that produce ochratoxi A {04} and
atnmun was swdted on developsng barley from diverse focavons wm Denmack dunng the 1977 crop
year From 33 test fields 243 ssolates of the two genera were cbtained with sigmficant pumbers of
solates on the grain at the earhest sampling daie {1=2 weeks postanthesis} ho spesific agronomic
factor was inked 1o the of 4. dlus and Pe spp A wxonomc study of 108
representauve 1solates of the two genera shawed that A flavus P chnsogenum and P purpurrescens

were the species A of the toun capabitity of the 1dentsfied
speves showed that seven strans (6 5%) produced O\ and a single wsolate synthesized citnnn P

purpurrescens was the dominans OA productng species with four toun positive isolates

Key words Ochratoun A aitnifin Aspergillus Pemcilluum  barley

E B Lillehoy Southern Regional Research Center U $ Department of Agriculture 1100 Roben E Lee
Bivk PO Box 19637 New Orleans LA 70179 USA

tved 6vin 79 Accepted 181w 79
Xnmoun A {0A) and atrmun are toxic
tabolites of several Aspergiffus and Peniciltium
' (7 %) Although the toxins have been detected
2 number of commodities at geographically
erse focauons the princrpal interest has mvolved
ies of cereal feed grains i Scandinavia and food
=ruun Balkan countries (7 9 14) QA 15 3 major
ease determination of porcine nephropathy (9) a
urally-occurring disease wm Denmark (7 8) and
reden (14) Presence of DA 11 feed samples
manly barley has been linked to imcreased
surrence of the swine disorder (7 91
A adney disease of humans n certam areas of
igara Rumania and Yugoslavia has been retated
ingestion of QA (9) A study of foods n these
Tlons has dentified a hugh incidence of the toxsn
3 1n addion an assoctation between the kdney
3ease and enhanced rate of urnary tract fumors
- A revarted (1)

The fung: that produce OA and atnmn are
widely distributed and have been denufied 1n many
foxds and feeds {8 9) The microbes that produce
the toxins have traditionally been characterized as
»sioTages or npostharvest« fungi because their
ecological fucke 15 determuned by water activities
rouunely Observed m mature gram (11) Since
Tecent sudies have shown that storage fungs can
wnfect immature mawze kernels i the field, the
delineation between storage and field fungi s

2 A

It problem.

mthese of
has been the question of the ong of the il
fungal moculum Previous imvestugations of the
mycoflora of devetoping and freshiy-harvested
basley have demonstrated 2 limuted occurrence of
Aspergillus and Pemcillium spp. but the OA- or

atann producyon potental of the solates was not
entfied (4, 5, 6)







1 Distribution of Aspergilus and Penicithum wr oocbm,ned
. 2

from Danish Barler after Incubanon at [0° ard

von Gram “umher of Fungal Tsolates®
rawre Treatment Asperglius Pemsctthum Touls
) Ssmple Date Sample Date
1 2 3 ' 2 3
‘ H 23
) - - 17 - 2
l1?1 X 1 - 2 27 3 b 59
] A 9 (L3 10 16 6 9 74
8 K 16 1” 16 21 9 3 87
2 3 38 81 b} 43 243

“mber of Asperguitus and Percilfium 1Solates obiained

from wash of 100 grains per sample date per field 3nd

“ 1ng 36 grams samples per sample date per field Two Petrs plates of agueous suspenvion {43 and 3 of harley
nels () were sncuhated at exch emperature of material from each fiefd

tes obtamned from all of the fields suggested
ag¢ incidence of about 3 isolates per field
ate consideration of ahquot volumes and
s demonsteated that 2 tatal of 3750 4sper
o8 Peecititum 1solates were present tn the
aash of 300 grains from each field The 146
nofates from all washed kermess (K reiated
rage distribution of 4 4 1solates/field based
s value the (08 Kermels plated per field
‘ed an occurrence of 3 2% of Aspergillus and
lum solates
resentauve colomes (108) of the 243 Asper
and Peniclium spp were charactenized
smucally (Table 2} The isolates chosen for
s Wenufication were selected because of the
ey of occurrence of similar colonses (gross
hology and color) OF the 21 Aspergifius
3 14 were @ flnus none of the isolates
teed aflatoxin The predomunamt Pemcillium
¥ abipum compriséd dbout one thid o) the
Swsolates P purpureescensand P chrysogenum
* also common The three major Pemcciflium
s provided approttmately 60% of all the
tified isotates Tests for production of OA and
™n by each of the characterized species on
ile barley demonstrated thar six isolates produ
02 21 28°C and vo 21 10°C wan only 2
il atrinin producing isotate (28 °C1 The single
*hraceus 1solate obtarned n the study produced
- both production temperatures the remawng
+PToducing species were an unidenufied Pertcce!
™80 P purpurrescens and P serruculosum An
':"::»f P granulatum produced ctnaun

Examination of the onzin of the toun producing
spectes showed that seven of the eight were obtained
from 1mtal incubations of 28 °C with only a single
wsatate from 10 °C (Table 3) Four of the solates
were obtained from 1mnal aqueous suspensions and
four from washed barley gran An rsolate of P
purpurrescens obtaed from 10 °C sncubauon
produced OA only at 28 °C and another ssolate of
the same species obtained from 28 °C incubation
produced OA excluspely at 10 °C The remarming
1sataes were all obuned from 28 °C incubatians
and produced toxin at 28°C The seven OA-
producing species found on Damsh barley represen
d a6 5% modence of the 108 solates axonomt
cally wdentified and a 2 9% occurrence of all of the
Aspergiltus and Pemcilfium spp obtaned 1n the
study Ahhough no definte assoctation was obser
ved betwneen the ongin of toxm producing species
and agronomic pracuce toun producers were

obrained Trom Tields with a below average incidence
of total Aspesgifius and Pemcittium wsotates 10 $ix of
the erght instances

DISCUSSION

Although the preponderant mycoflora on develo-

?:l’llg barley gram consisted of wfield. fungt
Ce

Fusa-

7
fium spp ) a siznsficant mncidence of Aspergilfus and

f’emcxumm SPP Was present on gramn a1 ajl stages of
Of the wma Peruarllium
P P Oclopum and P purpurrescens onl ly

11¢



The current study was undertaken to Dprovide
mformation on the presence of OA- or citnnin
producing fungi in developimg Danish barley grains
2) elucidate interregtonal variauon in the mcdence
of the fung: and 3) study agronomic factors that
mght contnbute to selection of toxn producing
fungal 1solates

MATERIALS AND METHODS*

Thurty three fields of Danish barley were selected for
sampling 1 1977 from diverse locations including
North Zealand 4 South Zealand 8 Falster 2 Born
holm 2 Funen 2 North Jutland 10 and South Jut
land 5 Agronomc mformauon acquired from each test
field included barley vaniety dates of planting and an
thesss and pesticicde application Samples were collected
at three stages of grain maturiyy 1) 1-2 weehs after
anthesis 2} 3—¥ weeks after anthesis and 3) phystologs
cally mature sced Throe representative locattons {10-20
m32) were selected for sampling within each field and 10
heads were collected per location Sample heads from
each field were securely wrapped 1n water repellant bags
and transported to Copenhagen for processing In the
laboratory gramns were carefully removed from heads to
avoid nadvertent fungal contamination A 100 grain
sample that was representatne of the 30 heads from a
field was placed 1 a sterile beaker and 1mmersed 1 25
ml of a stenle Triton \ (0014) sotution The
suspension was gently shaken for one mun with
subsequent diution (1/10) transfer and spreading of a
0 2 ml ahquot on Petrs plates contaiming ME agar (2 \
malt extract 2% agar pH 4) (3) The diluted suspension
provided a mucrobial population that allowed for
effectve discrimmnanon of Aspergifius and Pemcilinem
spp

Test gramns were subseguently washed five times with
SO mtafaant Matr ¥ dlyuog foin aie der waat
yielded less than five colomes/plate Six washed barley
grains were transferred to each test plate (2% ME) by
sterile procedure Four plates of each mmtial wash
suspension and six plates of washed grain were prepared
from material obtained [rom each test field one half of
the plaic were incubated at 28 °C for 10 days and the
remainder 2t 10°C for three weeks The 10°C
sncubati 0 was employed because Scorr er af (15) had
observed tha | W temperatures permutted outgrowth of
Pemcillium ~pp  that fatled to compete at higher

temperatures

I mdanh o Al s n

btained form 28 °C incubations were mcubated
;Ol;lsczco for 10 days and 1solates from 10 °C were

subsequently incubated at 10 °C fyr Jweeks |
1solates obtained from Crapek plates wer t
and maintained on Crapel agar shns
Tesung individual Asperg fusard ier =
OA cutninin and aflatoxin prode-u nwsa.
culturing the fungt on pearled barley Taemt
water and 50 g barley (300 ml Erlenmererix
for 12 h before autoclave stenbzaion {70
121 °C Duplicate flasks of exh test heren
with ! ml suspensions of spores and «ets s

at 28 °C for 10 days and 10°C{ r3ned
C - w f touerem

- fa cnam

reduced 1n volume by evaporatien Freu
solutions were spotted on thn layer chrom
(TLC) plates coated with 05 mm of xam‘
plied Suienced Laboratores State Collese )i}
ping solvents included 1) benzene 2t ad
v} 2) benzene methanol aceti 2 \%55‘
hevane acetone aceuc acd (90 10§ v/ 1
ene ethy acetate formy. acid (60 30 101 I P
mycotouns was determined by equn atert T
test spots with reference standards of NNE
was verified by formation of the etny] eser

RESULTS

Duning the 1977 crop year 243 Aspert
Pemcillum 1solates were obtaned fro¥
fields of Damsh barley The averge !
wsolates per field was 74 but large M
observed with numbers isolated from SP?
rangmg from 0-22 Barley hernels fro
fields yielded some Aspergullus O
wolates The data indrcated a defimte h't"
betw een fields in numbers of tie s ¥
no distinct nterregional differences The
appearance of the fung: was examined B
the barley grarn at three maturity staes X
demonstrated an early presence of the 4
and Perncillm spp but no sigmficant 4
between samphng pertods Althouh 2
tgher ictdence of Pemcilluom spp than4
1solates was observed in matersal from
sampling period less variaton in num
two genera was found at later samplna t
A comparison of the origin of the fung
from esther the tnitial aqueous suspensit
washed hernels (K) demonstrated that mof
were obtamed from Kkernels than from
(Table 1) More Aspergiilis

2 Names of companies of commeraal pmdu;\s ar; g“?
salely for the purpose of providing specific ;2"‘2-:\““
tion thetr mention does not imply rccom;n:\n daion of
endyrsement by the U § Department of Agi

over others not mentioned

were obtained from the 28 °C incubation U
10 °C ncubattons  but Pemcllium 1ol
often more frequent after ncubation at 10
300 grains (100 x 3 sampling pmes) wert
from each field for the imital mach n %



as a synergist in mediating the kidney
39
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TABLE 2 prsinbution of Ochratoxin and Curinin-
Producing Fungal Species Obtained from Danish Barlev

Aspergilius and Number
Ueure spp
Ochratoxin Citninn
Towal  Producers Producers
16°C  28°C 10°C 28°C

A ficum - - - -
A fNavus M - - - -
A furmiguius 4 - - - -
A ochraceus [ 1 - -
A repens 1 - - - -
Penfastfium
spp 3 - { - -
P charlesit 1~ - - -
P chnyso-
genum 15~ - - -
P conlophlum 2~ - - -
P oclopium 28~ - - -~

P funiculosum

senes [ -
P ogranslatum
P nigricans
Serws

P purpur-
rescens

P raisiricky
P roquefort
P stoloniferum
P thomu

P verru-
culosum o~ 1

ra
—nwm— S
[l
t
1

1
t
'

Total 108 2 1 -

a Number of tsolates producing OA or citrinn on stergle
barley at 28 °C for 10 days and 10 °C for three weeks

1solates of the latter species produced )
though other studies have shown that bott
produce the tosin No P veridicamum st
1solated from developmg barley gram. he
agronormic factors or interregional differns
be Iinked to the occurrence of 0A o
producing fungt

The predommnance of P purpurreseer
OA producers isolated from the Datshb
somewhat unexpected because earler
toxin production by the species hadt
with 1sofates obtaned from meat (1) Tkt
1 the toxm-production character 11 e
nant species and the total absence of 04
in P cyclopwm 1solates rases a qust
factors mn the mucrobil miliew that @
character for toxin production

The relatively common occurrenc o
and P cyclopium observed m the cun
corroborate observations made by Wellt
study of Damish barley 1n 1970 T
investigation had also routinely 1dentified
Josun: and P hordes, 1solates of thest
not domtnant microbes i the 1977 ¢
results suggest that environmental ¥&
(ween Crop years may exert a selecuve
closely refated microbes that occur on
parley

Production of citrinin by P granulai
1p thus study inerease the number of
that have been reported to synthesze I
However. the paucity of citrinn prodit
from Dansh barley corroborates et
tions of the limited importance of &
decistve disease determnant 11 myeoie
nephropathy  although the metabolie

TABLE 3 Ongin of Fungal fsofates that Froduced Ochratorin A or Ceirine?

Fungal Isolation® Production Temp (O Fie

Isolate Temp (C) —

OA Citrinin ident 4

No and

Si
P purpurrescens 10 28 - !
P purpurrescens 28 o - H
A ‘ochraceus 28 10 28 - £
P purpurrescens 3: ig N {g
P purpurrescens ;B 28 _ 19
Penyerlltum sp 1% - 28 21
P granulatum 28 28 - 24

P verruculosum

a
b

4~ %9 oC for 1D days or 10 °C for 3 weeks
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EVALUATION OF ELISA IN THE DIAGNOSIS OF
YERSINIA ENTEROCOLITICA DIARRHOEA IN CHILDREN

TIMO VESIKARIT KAISA GRANFORS? MARKKU MAKI! and PAUL GRONROOS?

I Tampere
tepartments of Paediatrics! and Mucrobiology? Tampere Central Hospital
Department of Medical Microbiofogy? Umiversity of Turku Turku Finland

Finland and

Veskann T Granfors K Maki A & Gronroos P Evaluaton of ELISA in the dagnosis of Yersima
mterocohica diarrhoea 1n children Acta path microblol scand Sect B 88 139-142 1980

I8 a seres of Acute gastroenteritss in children including 2 bacterologically confirmed cases of Yersima
enterocohinca lection pawed sera from 286 pauents wece studied for the presence of Y enterocolisca
03 and 09 anubodies wsing an enzyme linked immanosorhent assay {ELISA) In the 2 cases with
posiuive stool culture of ¥ enterocohica 0 3 a sigmficant rise was seen tn each 1gM 1gG and IgA class
Y emerocolipca 0 3 anubodies There were 6 further cases with elevated ant Yersima Ig\ these
possibly false posve Feacuons were disunguished fcom the confiemed cases of ¥ enceracolitica
tnfection by (he absence of 15G and JgA anubodies

Key words ELISA Yersima enterocolitica diarthoea gastroentenius

Timo Vesikart Department of Paediatnes Tampere Ceniral Hospial 33520 Tampere §2 Finland

eved 1I8x0 79 Accepted 141 80
Enzyme linked immunosorbent assay (ELISA)
Yersima enterocolinca antibodies of different
munoglobulin classes (2 3) has appeared useful
the retrospective diagnosts of Yerstma arthryis
dsuncine aubody pattern with prolonged
sistence of Yersinaospecific IgG and IgA
bodies 15 ofien present 1n such patients (4)
Inchildten the most common form of yersimosis
3% acule abdominal disease with of withowt
uThoea (7} At \he acute stage the diagnosis of
s may be more readily based on bactersal
Hute but atso 1n these cases the diagnosis may be
1524 because of tnadequate specimen collection or
Aenological techmiques The present study was
:kirt‘ken (0 establish whether the new ly-develo
I“MSA which detects IgM 13G and IgA~class
- Y 1esponses would reveal more cases of
N0 1nfection than bacteriological studies m a
s of gastroenterius 1n children
f

MATERIALS AND METHODS

Sera The serum specimens for ELISA were dertved
from a prospective study of gasiroenterius 1n children
aged 0 10 15 years lasting from December | 1977 to
November 30 1978 Paired sera were avatlable from
286 patents wih acute diarrhoea admitted to the
Department of Paediatrics Tampere Central Hospital
The serum specimens were collected from each vpon
admission and at convalescent stage 3 to 4 weeks later

The sera were studied retrospectively under code for
Yerstma enterocolitca 03 and 09 1gM 13G and [gA
class anuhodies using ELISA (see below)

Microbological studies From each patient | 1o 3 stool
specitens were wzken for bacierial and viral studies At
each time of s5100] specimen collection a mictoscodic

- "
fu w1 g etierc pathogens were searched for Campylo
bacter Salmonella Shigells 1nvasive £ colr tovigentc
(LT £ ool and pathogenic serotypes of £ coly
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ersma enterocolhtica 03 anubodies In the
1se the IgM antibody response was also strong
stunctive, whereas 1 the second case the Ight
dues did not increase much The results were
sally stmilar using the LPS antigen
1ddition to the tw o bacteriologrcally confirmed
there were 6 further patients with negative
wlogicat studzes but with ELISA findings
ly suggestng recent nfection with ¥ entero-
a (Table 2) In each case there was some
1se of anti-Yersina IgM antibodies measured
a0le bacteria antigen and/or the concentration
i Yerswua [gh 1 the second serum specimen
W least 21%
ith regard 10 the IgG and IgA<lass anu
ma antibodies the bacteriologically negative
were clearly different from the two confirmed
of yersmiosis The IgG and IgA antibody
intrztions were low and there was little or no
ase 10 them by the convalescent stage (Table 2)
n the LPS antigen was nsed for ELISA the
values exceeded 21% 1n 5 out of 6 cases No
ases were seen n the IgG and IgA class ant
2 antibodies using the LPS antigen or ¥
‘ocolittca 0 3 heat treated anigen
lizucally the two bacterwologically proven cases
ersiniosis had exudative diarrboea with faecal
ocytes This 1s Conststent with an enteromnvasive
10gen such as ¥ enserocofinca (8) Among the
aning suspected cases there were 2 with
fative and 4 with nanexudative diarthoea Qther
fo:mlzog«: findings 1 these patients are shown
‘able

DISCUSSION

conclude that serological studies with ELISA
ot reveal any addiuonal cases of yersinosis 10
Present senes of childhood diarrhoea Those
4 positve bactersal cultures also had a disuncuive
+Yersinia anubody response 1t all immunpglo-
m classes 1n addinon among the bacteriolog
ly negative pauents there were a few cases with
T meTease 1 ant Yersima Iz antibodies but
1h no concomitant rise in IgG or IgA antbodies
.The present findings may provide gwdelines for
Tmurprmuon of Yersima serology nvolving

et ymmunoglobulin  classes Unti
aterals of
fe

larger
acute yersiniosis are studied 1t seems
10 suggest that for 3 posive diagnosis of acute
£rierocohtica mfecuon 2 rise should be detected
l::); 1M 4Gang 1gA ant Yersima angbodies
. dcr::mu of recent Y ersinga nfection based on
"“m‘mumon of antt Yersinia [g\ anubodes

Ly SETUM spetimen must be viewed ercally

1n the absence of simultaneous high tevels of
Yersinia antibodies of other immunoglobulun clas-

ses

‘The origm and nature of the »nonspecifice antt-
Yersinia IgM antbody increases in the bactersologi~
cally negative cases remans unresolved The well-
Kknown cross reaction between ¥ enterocolitica and
Brucella abortus (1) 1s excluded since this cross-
reaction can be avoided by the use of purified LPS
antigen (3, 6) It 1s also unlkely that the observed
tugh titers of M) coplasma pneumonsae CF (Table 2
antibodies 1n these patients result from true
Mycoplasma infections Instead we sugges! that
both the apparent Yersinia IgM- and Mycoplasma
antibodies represent cross reactions with unknown
microbial of other anugens or that they result from
general humoral immune sumulition associated
with gastroitestinal snfection (5)

This study was supported by gramis from the Emil
Aattonen Foundation the Medical Research Council af
the Academy of Finfand and the Assocration of Finnish
Life Insurance Companses The techncal assisiance of
Mrs Sole Nuttoaho Mrs Tatmt Tammipuu and Mrs
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TABLE | Yersima enterocolutica 0 3 fgM- IgG- and IgA

class Antibodies Measured by ELISA mn TwoCh i

Bacteriologically Confirmed Y enterocolitica 0 3 Infection

Ant Yerstmia 0 3 antibody concentration

per cent of standard

Patient Age IgM 15G 48
e mnh 1 I [ I
| Syr Imo 7 288 7 >500 4 Bl
2 3yr 8mo 4 21 2 105 6 il
2} 1 = acute stage

P} I = convalescent stage (4 weeks)

roavirus and adenovirys  These results have been
reported In part previously (9}

ELISA procedure The ELISA method has been
described 1 detarl previusly (2 3) In brief the assay
was a double antihody Method utilizing immunoglobulim
class specific rabhit anu human sera and swine antt
rabbut 1gG alkaline phosphatase conjugate The antigen
preparations used were formalized whole ¥ enerocolt
trea 0 3 bacter;a (1) heay treated (100 °C for | h) ¥
enterocolitica 0 9 bacteria and lipopolysacchande (LPS)
from Y enterocolitica 0 3 (6) All ELISA determinations
were made in duplicate The mean ahsorbance values of
the 1wo detesmunahiobs Wese compared 1o slandard sera
separate for IgM 1gG and [gA which had been termed
to have a 100% concenraton of the corresponding

TABLE 2 Yersina enterocolinca 0 3 IgV  IgG and IgA

Fatuents with Acute Diarrlioea Negatne Bacterial Cultures for Y enterocoliteca and Possible Faise Posine

antibody {2) Accordingly the resulis of ELE!
expressed as per cent values The curoll it
positive reaction for Ighl was 21% and for (i
7% and 8% respectiely These g 1
obtained by tesung negauve sera described 7
2)

RESULTS

Y enterocolirca 03 was wsolated from 2@
acute diarrhoea in the series The oote
antt Yersinia 0 3 antibody concentrauors 2¢
by ELISA are shown 1n Table 1 Inboth wi
was a very clear increase of both 186 and lf

4
Concentrations Measured Jaty

class Antbodh \

Serofogy

Anu Yersina enterocolitica 0 3 antibody
concentration per cent of standard

Other microbiolt

Pauent Age IgM igG IeM
[ L 1o [ ] findings

3 Iy 2mo 3921 28 9 9 9 rotavirus +

4 3yr 4mo 30 39 0 8 19 23 mycoplasmaCF
1 4096 11 409

s 3ye 11 mo 722 6 16 4 2 mycoplasmaCF
132 126

6 8yr 2mo 8 90 316 18 25 mycoplasmaCE
14 1 256

9 8yr 4mo 13 24 9 10 9 13 invasweE cok

s 1y 4mo 8 42 1318 a2 -

a)| — acutesiage

byl = convalescent stage (4 weeks)
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AN ANTIGEN COMMON TO A WIDE RANGE OF
BACTERIA

I The Isolation of a Common Antgen from Pseudomonas aeruginosa
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MANSAJ and ZEMIRA SAMRA4

statens Seruminsutur Department of Chinical Microbrology Hvidovre Hospial? and Department of
Biophysics! Copenhagen Denmark and Department of Microbiology Assaf Harofe Hospiald Zenfin
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Sompohasky D Herz J B Heby N Jensen K Mansa B & Samra Z An anugen common 10 2
wide range of bactena | The isolaton of 2 Common Anugen from Pseud wmonas geruginosa Acta
path microbsol scand Sect B 88 143-149 1980

In crude water soluble extracts of Pseudomonas aerugirosa 64 antigens can be demonstrated by crossed
immunoelectrophoresis In agarose Wwith polyvalent Pseudomonas immunoglobulin One of these
anugens cross reacts with anugens prepared from hactena of 2 wide range of 1axonomic groups
Monospectfic. immunoglobulns o this anugen (Common Anugen) were produced by Immunizaton
with the appropriate immunocomplex extracted from agarose Common Anugen was purified by the

of two fi methods P of the crude evtract with 18% {w /1) sodum
suifate followed by gl fitraton of the supernatant on a Sephadex G 200 column By this method
35% of Common Anugen from the crude extract was recovered more than half of the fracuons
elecirophoreucally pure Electrophoress of reduced Common Anugen on a dodecyl sodium sulfate
polyacrylamide gel revealed two prosein bands with apparent molecular weights of $9-62000 and 62—
65000 respecuvely The untreated antigen however passed a column of Sephadex G 200 with the

‘oud volumen wndwaung a substance of high molecular weighy (> 4 600000)

Key words Pseudomonas aeruginose Comamon Antigen 1solaton Naj$Os preupuation gel filcation

crossed imntunoelectrophorests

D & y Department of

ved | v 79 Accepied )81 30

Many investigatars have 1 tecens. years shown
Srest i the oceurrence of serological cross

‘tons between diffferent bacteria Cross reacting
tgens may be of importance as immunogenic
nts by inducing protection against infections
Hh remote pathogense microorgansms (18) Fur

more 1fa cross reacting antigen 1s shared by an
ture taxon of higher or low er range it may by part
———

ﬁn leave from Depaniment of Microbiology Assaf
aeofe Government Hospial Zenfin and Depan
'n‘::l of Bualogy Bar an Universiy  Ramat Gan

Assaf Harofe Gr

Hospital Zerifin Israel

of a sual biochemcal structure that has been
preserved through phylogenesis A representative of
the latter Kind of cross reacng antigens Is the
substance designated OEP of Fseudomonas gerug:-
nosa (13) This substance 15 part of the endotoxin

Another representative 1s the Enterobacterwal Com

mon Anbgen  which 15 a part of the cell wall of
Enterobacieriaceae (16)

N an vestigation of mmunotogical ¢ross
reactions between Pscudomionas aerugmosa and 36
other bacterial species Haiby reported (7) that 30 of
them representing 2 wide range of £ram negaive
and two Rram posine microorgamsms  showed
cross reactions with the antigen represented by
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After removing the polyacrylamide strip the
«eplate was washed dried stained and destained as
3ed previously (11}

4 Determnation
stem content of anuigen solutions was determined
fing 10 the method of Lown er at (15)

eols

shader G200 Sephadex A25 DEAE and a

sr¢ of protemns of known molecular % eght (LMW
EES - o~

we tndubiose A 3/) was purchased from
qustrie Biologique Francaise France Acrylatmde

wBio Rad Laboratories Richmond Calif NN
b qam 4 sdend me faafamAng
P T B I TR W B
Wt
- RESULTS
-
P 1
. . TR vt
- [ [ LA S |

from agarose seemed 1n crossed 1mmunoelec
oresis with St Ag to be monospeaific for CA
1By

tm of CA by Salung oul and Sephadex gel
thon
* many of the fractionation techmiques apphed
nexchange chromatography aad precipia
ammomum sulfate and sodwm phosphate
pitation) fractions with a high concentration of
were obtarned and only 5-15 other antigens
: by Ciwig By two of

SiAg/NaCl/StAb

— fA’
R HSA

Stag/Monosp Ab/Stab
Fig | Analysis of the purtfied and concentrated sofutton

¢ of these techmques a higher degree of purity
Idbe obtaimed [t was however remarkable that
oceurred tn the same fractions as anugen 37 a
ysacchanide-containing anugen giving a heavy
Jpitate on Crwig with StAb m the second
tension gel (9) By gel (iltrauon oa Sephadex
00 CA and anugen 37 were also recovered
&ther w fracions corresponding to the void
umen of the column However 18 % WasS04
Med very efficient n precipitatng anugen 37
'l teaving the majority of CA 1n the supernatant
3le 1) 1ogether with about 25 other antigens
e this Na SO, Ag was applied to columns of
W00 C\ could e demonstrated by rocket
tmutoelectsophoresis m a few of the fracuons
My The ttauon s olumen for peak concentration of
Acorresponded to that of Blus Dextran of a mean
Sl 2¥ 10% e €3 appeared 1n the vord

o,

G and A 10 Common Antigen {ant
‘CA) by crossed immunoelectropharesis with intermed:
ate gel Theanugen was 2 pl of the polyspecific Standard
Anugen throughout

A Relerence systent with 20 4l fcm® of the polyspect
fic Siandard Anubody 1n the second dimemon gel and
10 aniigen or anubody In the intermediate get Common
Anugen 15 indicated by an arfow

B As A but with 200 gt anu C4 m the tniermediate
gel The mobility of human serum albumen (HS3) Is
indicated Suinng Coomassie Brulliant Blue R Anode

to the right (first dimension) and 1o the top (second
dimension)

volumen In a typical experiment 147 $ mg antigen
proteirt 10 10 m! buller was applied to 2 120x 25
em column of Sephadex G 200 By fused rocke®
electrophorests with anti-CA i the intermediate
gel CA was demonstrated mn 17 fractions of 4 m!



precipitate No 10 of the crossed nmmunoelectro  diate gel (1} and Crwig with St Ab and aneh
phoretic reference system for 2 acruginosa (8) This  result of this analysis. the following mened v
anugen will i the present Commumcation be  as a standard procedure for the isolauon oft
designated Common Antigen (CA) The purpose of a To the crude bacternal euract was alt
this paper s to describe the tech used to y MzSOanper mllhThe muﬂdiﬂm
1solate CA from p acrugmosa and the purity and  ® compact white flake that was

magnetic strring (about 2 h at room tp) ¥
yietd of the product achieved heavy turbiduy of precipitated mater sl ¢

this was separated from the supernatans by
tion The supernatant was dialysed aga nstth
MATERIALS AND METHODS of 200 volumes of 40 m\ tnsbuller pHl
dialysed solution will 1 the following be
NasSOs Ag In some cases the sed ment ¢

Reference Antigen and Angibods
The P acruginosa reference system (St Ag/St Ab} 101 was dissolved ta 40 mM 1 shuff
Wwhich shows at least 64 dufferent " !
as above and studred separately
crossed immunoelectrophorests wity ttermediate gel b Samples of Na1SO4 Ag were appt edto¢
{Crwig} was used as previously described (8 {0) Sephadex G 200 which had been equiba
Solution of 0 15 M NaCl 10 mM tes 08%
72 The fractions collected were ulammﬁd
lectrop, fused rocket S

Preparation of Rabbi tmmunoglobutns Specific 10 CA

After Ciwig with St AB aganst an anuserum to
Alcbsiclla prcumomae (1) the precipuate of CA Iprecip ume #a5{
1ate No 10 see ref 7) can be Tecognized even without me‘:]m';fuie;;:frg:‘:,Ee;h;"\?dm;x 109 &
staiing  An appropriate part of the agarose contarming (‘:;:lcnons from the G 200 column were furthe
this precipitate and na other visible precipitates was cut
out 4 20) and washed with tsatonic saline for 24 h
suspended 1n dest water and sonicated for 30 secands
(26000 cps 1ce cooled) (9) The sonicate was mixed with
an equal sotume of Freund s incomplete adjuvant and
stored at ~20 °C until use [mmunization of three rabbats
was performed according to Harbr. & Iugitd (5) Lach 5 Doinl
rabbit recened 100 pl immunogen perimmunzationand  Pohacrlamide elcctre phorests wis
the rabbuts were immunized for a period of 12months A Sulfare (SDS PAGE)

on a column of anpn exchange gel (Sephﬂl
DEAE) equilibrated with sodium phosphate
mM pH 6 ) The antigen was eluted by 2¢
gradient of NaCl concentration {0-0 8%/
buffer

$x
solution of immunoglobulins A and G fantt CA) was SDS PAGE was performed on\ﬁﬂl;‘mmh
prepared as described for St Ab (1) cm slabs at 200-250 m \ ul lhcbromlv_h s
reached the lower edge of the slab hc\em‘
Antigen [ the Isolation of CA polyacrylamide and 0 19% NN methy

!

A crude estract of £ acrugiosa 888 (0 group § one  mide were formed in a buffer of 200(:;{\
of the 4 strams of St Ag) was obtamed with a French  phosphate with 0 2% SDS and 6M “[\ii* o
Press and used for the isolation of CA Thirty grams wet  electropharesis buffer contarned 100 "65 i(‘p” .
werght of the bacteria suspended 1n 40 m) dyst waterwas MM Na+ 5 mM Cl and 01% S oeC)
passed once through the press at 10000 pst1 After  samples were diluted | 3 and heated wh N
disintegration the extract was imcubated for 30 muin at  the followng buffer 10 mM phosp! ﬁrenk
4°C with devoyribonuclease and magnesjum acetate at | S duhiothrertol 9M urea pH 70 A 13\“t
firal «ncentrations of 10 pg/mi and 45 mag respect;  Yesis the slabs were stamed with Conmd m
vely (pH 7 4) The remauing whole bacterra and coarse  Blue R (0 1 Y 1 0 28 nf mchloracenléf a:d
material Were separated by centrifugation at 5000 x 4 Sulfosalicylic acsd) during § b ar §7 ad 0
for (§ min and cell walls and cell membranes were 37 °Cn two portions nrmchlnmceucaé\lhama
sedumented at 48000 X g for 30 mun The supernatant kit of low molecular weight protens i
was passed trough a 0 22 pm Millipare® fiter used for calibration of the hinear best

between Rrand log of MW (3 19)

Fractionation of fseud smonas Extract .

The crude water soluble extract prepared from P ¢y, ssed SDS PAGE Aparrse fmmunetectr 1/
acrugmosa 888 was fracuonated by a number of 17

conventional techmques including  salting out wuth Sample trails of SDS PAGE were washed 28

aripus concentrations of sodtum phosphate  sodium room temiperature n the ris barbital buffer F
Vu)faxe and sulfate acid atpH  used for fmmunoelectrophorests Then the Stf
S

ange chromatography with a Placed ona 2 S co wide bandof § 5} agaroey
40 and ;8 azzlrj\:‘oef‘z]a(,‘lgand hydrogen ion concen usual tris barbutal buffer (oH - 86 /2 = 0
chessboar %" | filtration on columns of Sephadex 5% Tryn X 100002 7x7cm elass plate The
trations :mi 8¢ ons were analysed for the presence of  dimension gel contained 1 % agarpse 1 b Trion
G 200 The fract ns by rocket lmmunoelectrophoresis  and 2 pi/em? anti CA The proteins of the po
(szl\)a;_\d o;h:cakr;lgl:nmunoclecuophore\;s with interme  nude gel were rin inen 1ha ane- O e e
use
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fier removing the polyacrylamide stnip the
Iate was washed drted stuned and destained as
presously (1)

etermng! o
@ content of antigen solutions was determned
110 the method of Lown ef al us

s

dex G200 Sephadex A2S DEAE and a
of proterns of known molecular weight (LAfW

: obtained from Pharmacia Fine Chemicals AB
Sweden Urea glycine dodecyl sodium sulfate
ste Brithant Blue R and Blue dextran 2000 were
xd from Sigma Chemmcal Co St Lowts Miss

. (lndubiose A 37) was purchased from
tne Biologique Francaise France Acrylamrde
oRad Laboratories Richmond Catf NN
ne bisacryfamide and sodium sulfate from BDH
als Ltd Poole England and Trion X 100 from
3ernisen AS Copenhagen

RESULTS

noglobulin 1o CA

* immunoglabulin o CA ant CA) obtained
munization with the immunocomplex extrac
iom agarose seemied 10 Crossed rmmuncelec

oresis with St Ag to be monospecific for CA
1B8Y

tion of CA by Salting vut and Sephadex get
mom
t many of the fractionation techniques applied
m-exchange chromatography acd precipita
ammoniem sulfate and sodium phosphate
ipitation) fractions wath a high concentraton of
were obtained and only 5-15 other antigens
£k by Ciwig By twoor

StAg/NaClStab

_— A

B ) f v

Al HSA
StAg/MonospAb/StAL

F;_g 1 Analysis of the punified and concenirated solution

0

< of these techniques a higher degree of purity
1 be obtained It was however remarkable that
octurred i the same fractions as antigen 37 a
fsachandecontaiming antigen giving 2 heavy
Wuae an g, wib YAb m He seend
tension gel (9) By gel filtrauon on Sephadex
WO CA and antigen 37 were also recovered
ether 1n fractons corresponding o the void
Brien of the column However 18 b NaS0,
wed sery efficrent precipiating antigen 37
e leaving the majorsty of CA 1n the supernatant
Ml 1) wogether wik abow 25 other antigens
»“\tn this Na S04 Ag was applied to columns of
30 CA could be demonstrated by rocket
Imuncclecirophorests 1n a few of the fractions
Ly The elunon volumen for peak concentration of
Asrieponted to that of Blus Destran of a mean
LA L RY N Ny the void

G and A 1o Common Antigen (any
CA) by crossed immunoelextrophoress with intermedy
ate ge) The anugen was 2 d of the polyspectfic Sandard
Anugen throughout

A Reference system with 20 pt/cm’ of the potyspec:
fic Standard Anttbody 1n the second dimenion gel and
no antigen of antibody i the 1ntermediate gel Common
Antigen 15 1ndicated by an sFrow

B As A but wnh 200 g antt CA 1n the intermediate
gel The mobility of hyman serum albumin {HSA)
ndicated Staiming Coomassie Beillant Blue R Anode
10 the night (first dimension) and to the top (second
dimension)

volumen In a typical expeniment 147 5 mg anugen
protetn in 10 ml buffer was applied (02 120x 2 §
€m column of Sephadex G 200 By fused rocket
clectrophorests with antt-CA 1 the titermediate
gel CA was demonstrated 1n 17 fractions of 4 mt
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TABLE | Isolation of Common Annigen Concentration of Protein and Common Anngen in Varwus Fraer» ¢

Vol Protein  Concentration Common Anugen
m ml (mg/m1) m % of Arbitrary Units
crude extract per ml per mgprofen i
[ rE
Crude French Press extract
of Pseudomonas acruginosa 10 147 - 100 680 i
Naj50s Ag! [ 475 323 50 1053 b
Pooled fractions from Sephadex W
G 200 chromatography? 3 68 0055 037 51 a7
Fracuon 24 from Sephadex
G 200 chromatography 4 0126 086 135 o714

1) Supernatant after precipitation of crude extract with 18% NaSO4 oy
2) The examtnations were performed with a mixture of equal volumes of the |7 fractions that containe

J) SeeFg 3

each (Fig 2) Ciwig with indwidual fractions of
antigen int the first dimension and with St Ab n the
second dimension gel 1ndicated that 9 of the 17
fractions including those with peak concentration
of CA were immunoelectrophoretically pure and
in the other 8 fractions only one additional
pre antigen was de rated When a
pool of all 17 fractions was applied to a column of

St Ab -
«
. \'\ Ak
Nag? I
0 Y 0 ‘e 0
Sephadex G 200
8t Ab
. M
+ Monosp-Ab /
/ Aa. .
o o SO A 00 g
LN p(’_(r\r w)‘s:?l'_u ‘J."&rké}
) Sephadex G 200

A25 DEAE and eluted with a gradent of\af‘
phosphate buffer CA appeared 11 the fracuon’
03-04 M NaCl and no other 208!
demonstrated 1n these fractions ¢
Apparently pure fractions obtained by )
filtrauon were pooled and concentrated 517
an Amucon B15 concentraton set (Amuwn‘
Lexington Mass ) and 10 pl of the oon“l“’:h
examined on SDS PAGE Two bands ¥
close Rpvalues were revealed the hﬂ““L
fainter than the lighter one Revaluss for
bands were somewhat dependent on the ;
ture used for denaturation of the sample P
Using 30 mun at 60 °C the apparent T !
weights for these substances 10 different U8

Fu, 2 Fused rocket immunoelectrophorests w::[u
mediate gel of some of the fractions of NasS0:4 o
from a Sephadex G 200 column (25 X 120 Zﬂ
first 130 ml of the eluant fud was IS
collected fractions were 4 ml each "]
To each well was applied 5 pl of the fractions?
on the figure @
A 30 pl/em? of the polyspecific St Ab I? the "
dimension gel and no antibody in the m(elﬂ"d“;
B 30 pl/cm? of the polyspecifie St Ab 11 ¢
dimension gel and 30 pl/cm? of the monosPei
Cain the tntermediate gel A large preciptate €7
ding essenually (o the 17 fracuons 20-36 P%
drawn nto the intermediate gel and corresPo"
Common Antigen This antigen 1s the first 09 ¢
from the column Blue dextran of a mean mol #! &
106 Dalton was efuted i the same fracttons &5 C
Antig



-

slyacrylamide-electrophorests with _dodecyl
fate A and D proten markers B C E and

100 with sample buffer at room temperature
!

30 muin
$ 15 oun
210 mun
ica details see text

1810 & were calculated 1o 59 700 and 59 000
R L o CL T LR UNIPHY

10 6265000 and $9-62000 Dalton

Dely o other bands were observed on the

AGE gel W hen a trant of SDS PAGE wnh

Herial was used for the first dimension gel of

1 tmmuncelecitophorests with ant-CA  a

iate with o peaks corresponding rather
N .. .

by salung-out and G-200 filtration The concentra-
tion of CA was estimated by measuring the heights
of rockets as compared 10 yarying concentrations of
crude extract NaySOy-Ag contamned 32 3% of the
proten of crude extract and 50% of the CA
Whereas the relative total proiein concentration was
rather constant in different preparations of Na:SOy-
Ag, the relauve concentration of CA vaned between
50-75% The mean protemn concentration of the 17
G-200 fractions which contamed CA was 0055
mg/ml corresponding to §8% of the protemn
applied to the column The concentration of CA was
$ 1% of that of crude extract or 10 2% of that of
Na;SO; Ag Takng the 6 8 ume increase in volume
o accoum the vevovery of CA from the column
was about 70% or 35% of the crude extract Table
| also shows that 1n the fraction wuh peak
concentration of CA the relative punty of CA was
15 8 umes greater than in the crude extract

DISCUSSION

Common antigen from P aeruginosa seems 1o be
the bacterial antigen with the widest spectrum of
cross reactvity hitherto described CA corresponds
to the High Mobility Anugen from £ colt (6)
described by Kayser (14} but ns biochemical
properues differ from those of Enterobacterial
Common Antigen (16) or Pscudomonas Common
Antigen {13) Haiby (7) reported cross reactivity of
CA wuth anugens from Diplococcus preuntonsae
Flavobacterium memngosepuicum  Bacillus cerens

Neisseria di

la pertussis Fe i Eschen

chia colt Salmonella pphi Shigefla sonner Citro

bacter intermedius Enterobacter cloacae Klebsella
preumontae Serratia marcescens Proteus mrabilis

Yersima enterocoliica Vibrio cholera and several
Pseudomonas species The reference sysiem of
Bordetella pertussis had 2 rather similar spectrum of
R, shasees hrcwsrresiandiny % mensmginars
antigen (no 19 wn ref 6) 1n additson cross reacted
with strams of Bacillus subtis Connebacterum
sp Clostridum perfringens and Netssera cotarrha-
hs In neither of the orgamsms mentioned was
<T0ss reaction wih Bacteroides fragihs Staphio-
coccus gureus or Streptococcus py ogenes obsenved
Later stdtes show ed no cross reaction with 43 co-
bactertum phler M ntracellulare an Actinomyce
tes sp or an Aspergillus sp whereas both an
Azotobacter sp and Campylobacter fetus cross
reacted (unpublished resttts J B H and Z 5) It
should be emphasized that 1n most cases only a
single sirain from each taxonomic group was
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TABLE 1 Isolanon of Common Antigen Concentration of Protein and Common Annigen 14 bariows Frao

Vol Protein
in ml (mg/ml)

Crude French Press extract

Concentration Commen Anugen
n % of Atbitrary L

crude extract  perml  per mg prown . n
e

of Pseudomonas aeruginosa 10 147 - 100 (2
NaxSOs-Ag! 10 475 323 50 LR
Pooled fractions from Sephadex " N
G-200 chromatography? 3 68 0055 037 51 91
Fraction 24 from Sephadex n N
G-200 chromatography 4 0126 086 135 w1

¥ Vay!

) Supernatant after precipitation of crude extract with 18 % NaaSO« Luned G

2) The examinations were performed with a mixture of equal volumes of the |7 fractons that con

3) SeeFrg 3

each (Fig 2) Ciwig with idividual fractions of
antigen 1n the first dimension and with St-Ab 1n the
second dimension gel indrcated that 9 of the 17
fractions, including those with peak concentration
of CA were immunoelectrophoretically pure and
1 the other 8 fractions only one additional
precipitating antigen was demonstrated When a
pool of all 17 fractions was appled to a column of

St Ab M

NaCl
© E 0 ‘e 50
Sephadex G 200
St Ab

A25 DEAE and eluted with 2 gmdxenwf\{
phosphate buffer, CA appeared 10 the fmi )
03-04 M NaCl and no other 3
demonstrated 1n these fractions W6
Apparently pure fractons obumedsw‘
filtratron were pooled and concentrated
an Amicon B135 concentration set l,\rnm; "
Leuington Mass ) and 10 i of the oonctnﬂ
examined on SDS-PAGE Twe bands “w
close Revalues were revealed the m;m
fainter than the lighter on¢ Rpvahis o
bands were somewhat dependent 01 lh‘t A
ture used for denaturation of the SaVP¢
Using 30 mn at 60 °C the appareft mﬁ_
werghts for these substances 1 dhfferent ¥

-

wihf
Fig 2 Fused rocket |mmunoeleclml‘h““'“8‘ ut

mediate gel of <ome of the fracuons ol NS he
from a Sephadex G 200 column (25 ¥ 1
first 130 mt of the eluant flwd Was
collected fractions were 4 ml eadl

To each well was applied 5 pl of
on the figure s

A 30 pl/cm” of the polyspeatfic 5t Ab m‘dﬂ'
dimension gel and no antibody n the 1nterma »

B 30 ul/em” of the polyspecific St Ab I 'h‘f .
gel and 30 pi/cm’ of the monospet

gnaartd

h
f the fractof e

— ; A "
» Monosp-Ab / \\

y \‘\«,. .
- - ~ TS0 AN
v P an),;;’?{ ?J ‘5_ AT }

Ca in the intermediate gel A large precipiiale ™
ding essenually to the 17 fracuons 20-36 M,
drawn into the intermediate gel and mrr:‘!“‘“;
Common Antigen This anugen s the first 0950“
from the column Blue dextran of a mean mol #!
106 Dation was eluted 1n the same fractions a5 €0
Anugen
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examined In spite of this the above list of cross-
reactions 1S most :mpressive
The present study on the punfication of CA was
attempted as a part of a project on the biochemcal
characterization (22) and a study of the physiolog:-
cal function of this substance By affinity chroma
tography with antibody coupled to the matnix for
the punification of CA 2 good yield was obtained by
elutton with SDS. buffer {unput d
observations), however, SDS protein complexes are
not suttable for some biochemical examinations.
and the electrical charge of the eluted protein 1s
altered It was therefore beneficial that CA proved
relauvely easy to punify from the crude bacteral
extract by a combnation of two stmple procedures
Precipttation of unrelated anugens with 18%
Na;SO4 followed by gel filtration on a column of
Sephadex G-200 Furter punfication was obtained
by desorption from an amon exchange gel {A25-
DEAE) The total yield of punified CA was 35% of
the content mn the crude bactertal extract CA proved
to be the antigen of the hghest mol wt of all
antigens not salted out by Na,SO4 CA was eluted
with the vord volumen of the G 200 gel indicating
a molecular weight of > 4-600000 SDS-PAGE
showed that 1t could be dissociated into subunits
with molecular weight of 62-65000 and 59—
62000 Dalton It s not known w hether these bands
represent different degrees of degradation of identi
cal subumts or two subunits of different primary
structure
The fractios with the highest concentration of CA
from the Sephadex G 200-column (2 5 x 120 cm)
seemed to be y pure For pl
Ciwig of fraction 24 (see Table 1) agamst the
polyspecific St-Ab did not reveal any other
precipitate than that of the Common Antigen The
Crwig was performed with 5 pl antigen in the first
dimenston gel or 630 ng protein (Table 1) Provided
thss protein 1s pure and CA contains only protein
then each m! of crude extract contans
100
535 0126 =
Common Anugen per ml or approximately 6%
Anyhow thss esumate 1S provisional and awaits
further support by addinonal techniques
The techmque for 1sotation of CA by NaxSO,
precipiation combined  with  G-200<hromato
graphy seems satisfactory for prepasative purposes
The loss of CA by saltng out 15 of less nmponanohe
since the prodedure 18 cheap rapid and simple The
Sephadex gel filtration 1s high
recovery of CA from Scp 11 probabl
nd 1ts punsty m most of the fractions Wi PI y
:ruve sufficient for further prochemical analyses

093 mg
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ULTRASTRUCTURAL OBSERVATIONS ON
MICROGAMETOGENESIS AND THE STRUCTURE OF
THE MICROGAMETE OF ISOSPORA FELIS

D 1 P FERGUSON' 2* A BIRCH ANDERSENZ W M HUTCHISON3 and } CHR SIIM!

1 and Depariment of
FAQ/WHQ Collaborating Centre for Research and Reference sn Toxoplasmosis
Biophysics? Statens Seruminsunat Copenhagen Denmark and Depariment of Biology? Umiversity of
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Ferguson D ) P Birch Andersen A Hutchison W M & Sum 3 Chr Uhyastrocioral observations
on microgametogenesis and the structure of the microgamete of fsospora felis Acta path mucrobiol
sand Sect. B 88 151~159 1980

The endogenous forms of Jsospora felis were observed within the epithelial celfs of the small intestine
of the cat They were sivated within a parasitophorous vacvole which was hmited by a
wall The features of were studied at 8 days post
wfecuon The smsual phase of consisted of cytop grawth
by a number of nuclear divisions The gamont was enclosed by a pellicle and sts surface area was
greatly increased by deep wnvaginations In the fater stages of development the numerous nucler were
situated close to the pellicte Each nucleus has peripherally condensed chromaun Formation of the
oceurred as from the surface Two basal bodies the dense
poruon of a nucleus and a muochondrion entered each protrusion The mrcrogametes matured while
sull attached to the gamont from which (hey finally budded off into the parasiiophorous vacuole
leaving 2 targe residual cytoplasiic mass The matore microgamets was found 1o consist of an tlongate
fucleus which overlaps with a mitochondnion towards the antenor end of the orgarusm The anterior
Poruon contains a dense perforatorium and two basal bodies with attached flagefla In addiuon a
number of microtubules (5-9) were found to run longitudinally from the basal body region
key words Bsospora felis

cat
J Cur Sum Dx Statens Amager Boulevard §0 DK 2300
Coprrinazen S Denmark,
Lrved § 79 Accepted 251 30
l\:hl\hﬂ\ Ahie coetadia there have been few reports In order to obtain data for a comparison of the
e ul of the forms of features of the develop-
embers of the genus Faosporg 113 22) Recent

S®nenes bave shown wat Toxoplasma gondil
o)y sns spp Besnowtia spp and Frenketia spp
 cocidiaa parasites which produce Isospora hike
POYSts (for references see 1 5 6 15)

——————
Daossh \fedrcat Research Cor

uncil Fellow Present
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ment of the genus fsospora with that of the other
cocaidian parasites we examned the development
of Isospora felis 1n the small intestine of the cat

To the best of our knowledge there have been 110
teports on the fine structure of TICIOgametogenesIs
1n the genus Jsospora except for a few observations
on the ymmature microgamont of / belli{22) In the
present paper we describe the host/parasste relation
ship the process of microgametogenesss and the
swucture of the microgamete of ¢ felts
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of the cat They were suuated within a parasitophorous vacuole which was limued by a
wall The features of were studied at 8 days post
wfecuon The inal phase of consisted of : grawth
by 2 number of nuclear diwisions The gamont was enclosed by a pellicle and its surface area was
ity mereased by desp invaginations In the fater stages of developmen ihe numerous nucle were
stuated close to the pellicle Each nucleus has peripherally condensed chromaun Formauon of the
.o face Two basal bodies the dense
The microgametes matured while
- - ~ nto the parasiophorous vacuole
Réving 2 large residual cytoplasmic mass The mature mucrogamete was found to consist of an eloagate
mucleus which overlaps with 2 mitochondrion towards the antenor end of the organtsm The anterior
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features of the endogenous develop-
mem of the genus Fsosporg with that of the other
coctidian parasites we examuned the development
of Jsospora felis 1 the small intestine of the cat

To the best of cur knowledge there have been no
reports on the fine structure of microgametogenesis
i the genus Jsospora except for a few observations
on the immature microgamont of § 4e/l1(22) Inthe
Ppresent paper we describe the host/parasite relation
ship the process of microgametogencss and the
structure of the microgamete of / felis
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features of the endogenous develop-
ment of the genus Jsospora with that of the other
cocidian parasites we exammned the development
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To the best of our knowledge there have been no
Teports on the fine structure of MicTogametogenests
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on the immature microgamont of £ belti{22) Inthe
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In two recent reviews on the classification of the
coceidia st has been proposed that certamn species
including 7 felis should be removed from the genus
Isospora and placed 1n 2 new genus Two names have
been proposed for this genus Levinera (1) and C) stoiso-
spora (5) Since nerther of these names have been
generally accepted we will 1n this report to prevent any
confusion refer to the organism studied as Jsospora fels

MATERIALS AND METHODS

Specific Pathogen Free cats were infected using sporula
ted oocysts of I filis admunistered via a stomach tube To
study mcr the cats were at8to
9 days post infecton The small intesune was removed
and divided into 12 portions Samples from the portions
with the highest parasite density were processed for
electron microscopy The procedure used was simular to
that described previously for Emmerta brunertt (2) In
summary the samples were fixed 1n glutaraldehyde and
osmwum tetroxide and embedded 1n exther Vestopal W or
Spurr s epon Thin sections were examined 1n a Phdips
EM 200 or £M 300 electron microscope after staining
with urany) acetate and lead citrate The results are based

three electron lucent bands (Figs 2 4Lk
appear that membranes of the host el
reticulum are 1 ohved 1n the formationof
(Fig 2) and its substructure 1s consisnt
close aposition of three umt membranes.
As the parasites grew the host o
distended In addiion the host et &
nucleolus were greatly enlarged (Fig 131
During parastte development smel
amorphous matenal {2pproumately 60
diameter ) were observed withn the po.
vacuole adjacent to its imiung wall Thew
vacuole had formed evaginations wnto
cytoplasm and a number of the amorph™s
were present n these evagmatons (Fis. b
Parasitophorous vacuoles contatnng mid
possessed few er and shorter evaginations
which contained macrogamonts (el Figs 1

Microgametogenests

Within the epithelial cell the mfecunt e
underwent dedifferentiation with the tosd
antertor organelles and thus formed a tref
Mic can be divided into 1#2

on the examination ol more than 400

RESULTS

Host/FParasite Relationship

The infecting organisms were situated n a
parasitophorous vacuole within the epithelal cells
of the small intestine This vacuole lay between the
nucleus and the microvill of the brush border of the
host cell The hmiting wall of the vacuole was 30
nm thick and consisted of four electron dense and

Figs 1-13 are electron micrographs of sections which represent stages in the process of microgam

The itial phase imvolves cytoplsss
accompanted by numerous nuclear dnises
reby large mulunucleate mcrogamonts #eR i
ced The nucler were evenly distrbuted &
cytoplasm and each nucleus had a disunct 2
and well dispersed chromatin (Fig 1) Thee
divisions imvolved an eccentrically Tocated
With associated centrioles The cytepls®
microgamont contained a number of Gch;h
some swollen mitochondna dense bodiss &
strands of rough endoplasmic renculum

eragenst

show the ultrastructure of the microgamete of Isospora fehs

A double bar { =) on a micrograph represents ! pm and a single bar (<) 100 nm

gensetobs B

The 8 are used B = basal body CE = centriole DB = "
rough FL = Q G = Golgi body HC = host cell HN = host mucle®
MG = MI = N = nucleus NU = nucleolus PG = PO
granule PL  pellicle PV = parasitophorous vacuole RM = residual cytoplasmic mass RN = residod!

Fig 1 An early microgamont which possesses a number of evenly dispersed nucler The cytoplasm 2
{ dense bodies mitochondria and Golgi bodies Note the number of short invaginations o

number o
(arrows) x 7 500

Fig
firmted by a pe!
parasitophorous vacuol

2 In this secuon the periphery of a microgamont and part of the host cell are illustrated The
ticle Note that the third unit membrane mvolved 1n the formation of the multa)e
le 1s not closely applied to the other two membranes 1n certain regions (arrows)

150 000
f e

icrogt™
red wall o
%90

deep tmagns® @

Fig 3 Asecuon through part of a host cell a

the wall of the parasitophorou:

f a parasitophorous vacuole showing th. f four electro?

magmicauon of the wall o g that 1t consists of

Fig ¢ A bigh 3lucem bands Note the evaginations of the wall cach of which contains a patch
~

and three electron
material (arrows) X 160 000

Ve)

showing the

s vacuole {arrows) which contam patches of amorphous material % 13 000
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Fig 5 A section through part of a microgamont in which a deep 1nvaginatton of the pellicle 1s sliustraed
Note that the nucler are present close to the pellicle or s invaginations x 7,500

Fig 6 This section 1s through part of 2 microgamont at a later stage of development than in Fig § Mt
penipherally located nucler have the chromatin concentrated 1nto a single dense mass X 15 000

Fig 7 A higher magnification of part of an organism at a simular stage to that in Fig 5§ showang that themagn.
are ltmited by a pellicular structure Two centrioles situated between a nucleus and the peliicle are dlo s
% 45,000

Fig 8 A higher fi of partofa ata later stage than that in Fig 6 A basal bodyfonmt
Nagellum 1s protruding 1nto the parasitophorous vacuole 1s scen At this stage the chromaun is present asadere
at the side of the nucleus adjacent to the basal body x 45 000

Fig 9 A longitudinal section through two developing microgametes which are still attached by theis aniene
the microgamont Note the coltar of dense matertal at cach point of attachment (arrows) x 45000

Fig 10 A section through the anterior part of a microgamete The presence of a dense plaque which mms\‘x
number of microtubules embedded 1 a dense matrix 1s shown {arrows) The (wo basal bodses with avaed b
are also iftustrated  x 90 600

Fig 11 A cr through two at the level of the mutochondrial/nuclear overlp ¥

microtubules siuated round the pertphery of each mitochondrion (arrows) X 90 000

Fig 12 A cross-section through the nuclear region of a number of microgametes Note the presene o
microtubules 1n each organism at this level x 90 000

.- .%w‘ n:‘;m"ﬂmp-f"ﬂ .I;\'" 1
. X I
s W -

W0,
S

- - —
Lt N : v ¥ i
Fig 13 A section through a mature showing the within the p'“TI;:L:h&
vacuole and the farge residual Cytoplasmic mass wiich contans a number of residual nucler and poly
granules x 7500
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farge number of free ribosomes (Fig 1)
Jout this development the organism rematn

ed by a pellicle consisting of an outer umt
\ne and an tnner layer of two closely appled
mbranes{Fig 2) Atilus mulunucleate stage
«cle possessed a few mucropores®) and a
of invaginations had started ta develop (Fig

1 later stages the surface area of the
m was preatly mcreased by deep wmvagina

[ the pelicle (Fig 5) The final nuclear
1s produced smaller nucler which lacked a
us and had the chromatin aggregated 1nto a
z¢ dense patches at the periphery (Figs 5 6)

ton 1t was noted that the nucler were
) close to the pellicle (Figs 5 6) Normally
1troles were present between the nucler and
mbranes of the pellicle (Fig 7Y

second phase of microgametogenesis consist

se actual formanon of the microgametes The
entnoles at each mucleus appeared to e
srmed o basal bodies from which the flagetla
ped (Fig 8) Each flagellum then grew out
1e parasitophorous vacuole (Fig 8} At this
the inner layer of the pelticle had started to
mate As this occurred the chromatin was

-tugamete formation now contnued by a
son of the lmiting membrane of the

Baman - b

U remaned In the cytoplasmic mass as a

-

suit atiached by 1s anteror end 1o the
_oxamom (Fig 9) At thss stage a number of
otubules and a demse perforatorum were
Tved within the developing microgamete
L mawruy the microgametes budded off 1ato
Parasitophorous vacuole and a large residual
*lasmic mass which contamned a number of
fachande granules was lefi behind (Fig 13)

———
f:ﬂ‘ mToores are not illustrated 1n this paper but
m‘:mun and oocurrence 1s sumilar o those
" Tublished observanans on microgametogony
mend brunenti 3)

Each microgamont was very large and could gwve
rise to several hundreds of microgametes
The mature MICOGAMELe Was Crescentic 1n shape
and consisted of a dense elongated nucleus which
showed overlapping with a mitochondrion towards
the antertor end of the orgamsm (Figs 9 11) The
nuclens was enclosed by two closely applied
and the 100 P d seve
ral rows of bulbous cristiae The anteror part of the
orgamsm conststed of two basal bodtes which were
embedded 1n a dense matrix and to each of which 2
flagellum was attached (Fig 10) The two flagella
left the microgamete close to the anterior end A
dense plaque probably the perforatornum was
found close to the anterior tip and 1n ceriain
sections 1t was possible to show that it consisted of
a number of microtubules embedded 1n 2 dense
matax (Fig 10)
A number of microtubules appeared to onginate
1m the basal body region and were observed 10 fun
through the They were
around the and thewr
number varied between 5 and 9 in the region of the
mitachordrion/ nuclear overlap (Fig 1) Normally
only two microtubules appeared to extend to the
posterior tp of the microgamete (Fig 12)

DISCUSSION

The host/parasite relationship observed 1n our
study of { fehis 15 similar 1o that teported by Pelster
(13) Also the muli membranous structure of the
wall of the parasitophorous vacuole 15 stmilar to
1hat desenibed for the endogenous forms of 7 gondu
() 1 rolta(13)and § fusiformus (18) This 1s 1n
contrast to the vacuole enclosing the endogenous
forms of Emmeria spp which 15 imuted by a single
unit membrane (2 12) The tavohememt of the
endoplasmic retculum of the host cell n the
formauon of the parasitophorous vacuole 1n / felis
|; simular to that reported for S fusiforms (18) and
’

A {1} The fi of the
patches of dense material present within the
of the vacuole 1s

unknown

In the microgametogenesis of / fefts the tnitial
growth phase with nuclear division and chromatin
¢changes 1s smilar to that described for Enmeria spp
BT10179 200 yT gondn 14 14)
Sarcocystis spp (24 25)and 1 bells (22) However
1 the case of S suthomuus studied s vitro nuclear
division did fot occur prior to the iitiaton of
microgamete formaton (14} A retension of the
sntact pellicle was observed for the developing
microgamont of / felrs This 1s different from what
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Fig 5 A section through part of a microgamont in which a deep invagination of the peliicle i ilustaeit,
Note that the nucler are present close to the pellicle or its 1avaginations X 7,500

Fig 6 This secuon 1s through part of a microgamont at a later stage of development than i Fig § Nt
peripherally located nucler have the chromatin concentrated nto a single dense mass X 15000

Fig 7 A higher magmfication of part of an organism at a similar stage to that tn Fig 5 showing that the mvar
are limited by a pellicular structure Two centrioles situated between a nucleus and the pellicte are shoss
% 45,000

Fig 8 A higher of partofa at a later stage than that tn Fig 6 A basal body
flagellum 1s protruding into the parasitophorous vacuole 1s seen At this stage the chromatnis present asades.
at the side of the nucleus adjacent 1o the basal body x 45 000

Fig 9 A longttudinal section through two developing microgametes which are still attached by their anerr=
the microgamont Note the collar of dense material at each point of attachment (arrows) X 45000

Fig 10 A section through the anterior part of a microgamete The presence of a dense plaque “huhu;;?
number of microtubules embedded 1n a dense matrix 1s shown (arrows) The two basal bodues with i
are also 1illustrated  x 90 000

\
Fig 11 A cross section through two microgametes at the level of the mitochondnal/nuctear overlyp
microtubules situated round the periphery of each mutochondrion (arrows} % 90,000

it of
Fig 12 A cross-section through (he nuclear region of a number of microgametes Note the presef
microtubules 1n each orgamism at this level % 90 000
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Fig 13 A section through a mature microgamont showing the numerous microgametes within the Pamgwcﬂ

vacuole and the large restdual cytoplasmic mass which contams a number of restdual nucler and po!

granules %

P



targe pumber of free ribosomes {Fig 1
hout this development the Orgamsm remain
«ed by a pellicle constsung of an outer unit
ane and an 1nner layer of two closely apphied
:mbranes (Fig 2) At this multmnucleate stage
ficle possessed 2 few micropores®) and a
- of invagmations had started 1o develop (Fig

he later stages the surface area of the
um was greatly increased by deep invagina
»f the pelicle (Fig S} The final nuclear
os produced smaller nucler which lacked a
lus and had the chromaun aggregated nto a
ge dense patches at the pertphery (Figs 5§ 6)
hon 1t was noted that the aucler were
d close 10 the pefficle (Figs 5 6) Normally
‘Difiofes Were present between the nucles and
mbranes of the pellicle (Fig 7)
second phase of rmeTogamelngenesss Consist
e actual formation of the microgametes The
senlnoles at each pucleus appeared 10 be
ormed to basal bodies from which the flagella
ped (Fig 8) Each flagelium then grew out
he parasitophorous vacuole (Fiz 8) At this
the mnner layer of the peliicle had started to
frate As this occurred the chromatn was
sed to be concentrated in a Single mass which
Atuated at the side of the nucleus adjacent to the
ses (Fig 8)
formation now continued by a
asion of the hmung membrane of the
?gzmonl 1n the region directly adjacent to each
s Two basal bodies the dense portion of a
*us and a mitochondrion entered each protru
" As this occurred the dense part of the nucleus
(Separated from the electron lucent portion
h remained m the cytoplasmic mass as a
ual nucleus (Fig 9) A collar of dense material
inow observed below the Limsting b of

Each microgamont was sery large and could give
11se 10 several hundreds of microgametes

The mature micTogamete % as CrEscentic 1n shape
and consisted of a dense elongated nucleus which
showed overlapping with a mitochondrion 0% ards
the anterior end of the organusm (Figs 9 11} The
nucleus was enclosed by two closely apphed

and the dnion p ed seve

ral rows of buthous cristiae The anterior part of the
organism consisted of 1w o basal bodies which were
embedded 1n a dense matrix 2nd 0 each of which a
flagellum was attached (Fig [0) The two flagella
feft the mucrogamete close to the anterior end A
dense plaque probably the perforatorum  was
found close w0 the antenior t:p and In certain
sections 1t was possible to show that it consisted of
2 number of microwsbules embedded @ dense
matnix {Fig 10

A number of microtubules appeared to onigmate
1n the basal body region and were observed to run
longiudinally through the pucrogamete They were

around the and thetr

number varied between $ and 9 in the region of the
mitochondrion/nuclear overlap (Fig 1) Normally
only two murotubules appeared to evtend to the
posterior up of the microgamete (Fig 12)

DISCUSSION

The host/parasste relationship observed n our
study of I fehis 15 simular 10 that reported by Pefster
(13) Also the mulu membranous structure of the
wall of the parasitophorous vacuole 1s similar (o
that described for the endogenous forms of T gonds
U4) I roolta{ldand S fusiforrus (18) Thissin
contrast to the vacuole enclosing the endogenous
forms of Evmerra spp which 15 himted by 2 single

3amont at the base of each protrusion (Fig 91
ng maturation of the microgamete the dense
; of the nucleus and the mutochandrion became
ated This ocrurred while the

umt by (2 12) The I of the
endoplasmsc renculum of the host celf m the
formation of the parasitophorous vacuole in / fefis
tgssum\u 10 that reported for S fussformus (18) and

¥ sull ayached by wts anterior end to the
’{ogamom (Fig 9} At this stage a number of
JJotubules 20d a dense perforatonum were
rved within the developing microgamete

{ matunity the nucrogametes budded off nto
| Parasntaphorous vacuole and a large ressdual
Pplasmic mass which contained a number of
{y:axhande granules was left behind (Fig 13)

f?mowm are not sflustrated 1n thus paper but

——— Wre and occurrence ts simiar to those 1n
usly published observations on microgametogony
Ta b:u(rlem())

AU The (ihe
patches of dense materiad present Within the
of the sacuole 1s

unknown

In the microgametogenesss of / felrs the inmal
Browth phase with nuclear division and chromatin
changes 1s Simular to that described for Etmeria spp
Brwvm 20207 gondu (4 14)
Sarcoosus spp (24 25)and 1 bellt (22) However
n the case of § suthomuus studied i vitro nuclear
division did not occur pnor to the mmuation of
microgamete formation (11} A retension of the
mtact pelitcle was observed for the developing
nucrogamont of I felis This 1s different from what
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has been reported for Fimeria ssp where the
microgamont 1s imited by a single umt membrane
(3 7,10,17.19 20 21.23) Anncrease in surface
area produced by invaginauons of the hmiting
membrane has also been reported for the large
mucrogamonts of & auburmensis (1) E magna (10)
and F brunetn (3) This feature allows a large
number of mucrogametes to be formed at the
microgamont surface This 1s n contrast 1o / b Jir
Q2 T gomdu €4, 13) S swhomms (11) and S
singaporcnsis (25 26) which have small microga-
monts ach givng rise to few mucrogametes
The second phase of microgametogencesis n /
Jelis consisting of the formation of the nucrogame
tes at the surface of the mucrogimont occurs 1n a
manner stmular (o tha reported for Euncra spp (3
7.8 10 17,19 20 21 23) T gondu 4 14)
Sarcocysus spp (24 25) and [ bl 22) The
dvision of cach nucleus into an clectron dense
portion which enters the developing microgamete
and an electron tucent portiont which 1s left bhind
1 also charcteristic for Fimena spp (3 7 10 17
1920 21 23) 7 gondu (4 14) Sarcocysus spp
Q4 25Yand 1 bedle (22) However this does not
occur with £ perforans (16)
The baste structure of the nucrogamete of 7 fifis
v similir to that recorded for Furia spp T
sondnand Sarcoasusspp (34 789 11 14 16
17 19 20 21 23 24 25) A row of microtubules
within a dense miatnx s present i the antertor
region of the orgwninm This 18 simiar to that
reported for 7 gondu (14) and £ labbeana (23) and
these mucrotubules  are probably acting as a
structural remforcement  Microtubules running
longrudinlly from the anterior end of the nucroga
mete have also been repored for a number of
Eumeria spp T gondu and Sarcocvsns sp (3 4 9
114 17 19 20 21 23 24) The lrge number
{5-9} obscrved round the pertphery of the muo
chondrion in/ fohs 1s simular to that reported for £
mayna (21) and E mavma 9) The distribution of
thuse microtubules together with thetr appearance
n reduced number towards the posterior end of the
maogimcte we feel 1S consistent with these
tubules bang concerned with the structural mtegrity
of the mictogumete (3) rather than representing the
remnants of 1 third aberrant flagellum (9 19)
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has been reported for Eumeria ssp where the
microgamont 1s limited by a single unit membrane
(3710 17,19 20 21 23) Anncrease n surface
area produced by imvagmations of the hmiting
membrane has also been reported for the large
microgamonts of £ auburnensis (7) £ magna (10)
and £ bruner (3} This feature allows a large
number of microgametes to be formed at the
microgamont surface This 1s tn contrast to / belit
(22) T gondu (4 18) S swhomuns (11) and §
smgaporensis (25 26) which have small microga
monts each giving rise to few microgametes
The second phase of microgametogenesis 1n /
felis constsung of the formanon of the microgame
tes at the surface of the microgamont occurs it a
manner simlar to that reported for Etmeria spp (3
7 8 10 17 19 20 21 23) T gondu (4 14}
Sarcocysus spp (24 25) and [ bl (22) The
division of each nucleus into an electron dense
portion which enters the developing microgamete
and an electron lucent portton which 18 left behind
1s also characteristic for Evnerta spp (3 7 10 17
19 20 21 23} T gondu (4 14) Sarcocysus spp
(24 25) and I belh (22) However this does not
occur with £ perforans (16}
The bastc structure of the mucrogamete of / felrs
1s simifar to that recorded for Emmerta spp T
gonduand Sarcoastusspp (3 4 7 8 9 11 14 16
17 19 20 21 23 24 25) A row of microtubules
within a dense matrix 1s present in the anterior
region of the organism Thrs 1s sumilar to that
reported for T gondi (14) and E labbeana (23) and
these microtubules are probably acung as a
structural remnforcement  Microtubules runming
longitudinally from the anterior end of the microga
mete have also been reported for a number of
Emmeria spp T gondu and Sarcoarsus sp (3 4 9
11 14 17 19 20 21 23 24) The large number
(5-9) observed round the periphery of the mito
chondrion 1n J felis ts stmilar to that reported for £
magna (21)and E maxuna (9} The distribution of
these microtubules together with their appearance
1n reduced number towards the posterior end of the
microgameie  We feel 15 consistent with these
tubules being concerned with the structural integrity
of the microgamete (3) rather than representing the
semnants of a third aberrant flagellum (9 19)
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17 ar¢ dhectron micrographs which illustrate various stages 1 the process of macrogametogeneys and the
e of the macrogamete of fsospora fehs

Je ar £ ) on a micrograph represents ) pm and a single bes (-} 100 nm

lowing abbreviatons are used throughout € = canalwuh ER = rough endoplasmec reuculum G = Golat
AMI - host cell mutochondron Y&\ = host cell ucieus L= hmid globule ML = muochondcioa MP =
ore MV = mulumembranous vacugle ™ = nucieus NU = nucleolus PG = polysacchande granutes PL
itie PV - parasitophorous vacuole UM = unit wmembrane N\ = coated vesicle WFB L = wall formeng
ftype ] WFBIL = wall formung body of type 11

Aongitudina) section throtigh an early macrogamont showng e tagge nucleus and tugleclus The cytoplasm
152 number of peripherally located mitochondna Goler bodies and amourts of cough endoplasmic reticutum
stages 1n the formation of W FB 1and WFB [1 are also shown X 7 500

A high magnification of a section through the pesiphery of a macrogamant in % hich the structure of the pelficte
s 3daptation 10 form 3 muctopore can be seen x 90 000

A higher magrification of part of the orgamism shown m Fig 4 Note the nutumembranous sacuole which
1 bud off from the nucles farrow) % 43 000

A secuon through 3 n which the cywopl nains several immature W FB 1and 11 a ngtmber
chondra Golgs bodies potysacchardde granules hipid globules nd mulimembranows vacuoies The ndufeus
4 large nucleolus 15 also shown x 7 500

i & secton theough part of 8 macrogamont shaw ing tw o Golgi bodies with associied membranes of the rough
Masmi retucutum Coated vesicles are present within the Golgi hody on the left whilea W FB 1can be seen at the
of thg Golgs 24 e g A0 immature W FB (115 diustrated withun the asterna of the cough endoptasmu
ium % 30 00D

$ immatore % FB 1 and 11 are Nlustrated m this micrograph The W FB 11 has an amorphous appearance and 1
{aadqgumm a cisterna of the rough endoplasmic reuculum while the WFB | 5s hmited by a unst membrane

7 This section sltustrates a Golgr body which apparently 1s meolved i formaton of WFB I A membrane of
" endoplasmuc teuculum 15 geesent at the base of the Golgs body and 3 coated vesicle 15 alsa ohseriad 4 this

M At the apex of the Golgi body a number of large vacuoles are seen which contain material symilar 10 that
nWEB [ x90 000

4 & secuon through o mature WFB 1 showing that each ss lmited by a unit membrane In this case the WFB 1
lay & mottled appearance towards the periphery  x 90 000

1q| 10 this section through two magure W FB 11 1t can be seen that they possess an amorphous care with a more
lar cortex Note also that each 15 situated wittun a ciseroa of the wough endoplasmic rerculum > 45 000

fo A
soon section through parg of a fate 11 which a deep of the peliicle 15 present tarrow)
11 In thys secuion through
art of @ lare macrogamont a group of hpid globules can be sees
nber of WEB 1 WFB W and polysacehatide gramales 45 080 ¢ s surgounded by 3

12 A section through part of a mawre macrogamete At ths stage the cytoplasm 15 filled with numerous
a matore
sacharde granules hipsd plobules W FB W, A Tow g e Now dte smooth
ysancha 2 3and WFB I A fow mvaghandar % olss presatr Sove cite s

—————

¥

‘:wﬂgx: r::::lg;r:;‘:; nt:]lclhc trophozoite mto the  be hmited by a pellicle which possessed 2 few

ey s dwmwgﬂm;v&g wz:\ not accom  mucropores (Fig 2} The cytoplasm of the early
nd the rarly = ~ macregamont contained a number of penpherally

tocated mitochondnia numerous parallel strands of

rough endoplasmic retiulum (rER) many free

ribosomes as well as polyribosomes and a nu:
3 . mbe;
of Golgt bodies. (Fig 1) i
3 R . At an early stage while the organism was stil

. J ellipsodal 1n shape the f
B+ VOB Wi BTRanIsTY was found to forming bodies n[PleyDCS : arﬁ‘?{‘zg“i‘:‘; :; &,a;;
A
B
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“g 1 A dagramat cal representa on of the ulteastructure of part of an carly macrogamont is g ven in part A
1t of a ma ure macrogame ¢ n pan B

1shed micrographs 1t would appear that the
ron lucent wall formmg bodiesc are more
Y (o represent reserve materiat (Ipid or
rsaccharide}
or the coceidia the method of formation of the
B s mcompletely understood However our
Ms on J fels are able to provide some
fpholog cal information It appears that the early
crogamont of / fel s 1s well equipped for protem
tthesis with large amounts of rER and nume
15 1 bosomes and polyr bosomes Qur observa
Bs on the formaton of the WFB I would be
isistent with the passage of prote n from the rfER
1the coated vesicles (transfer vesicles) to the Golgt
dy where t 15 linked to other substances to
©duce the matertal of the WFB T Such a pathway
‘Symthes s 15 simular 1o that previously proposed in
m a (20) and s compatble with earler
:shcm\ ons in T gond: (6) As po nted out by
" at et al {20) such a process could result in the
N 1 conta ming protemn carbohydrate complex
$ 15 1n concordance with the chemical nature of
-» lt: Layer of the cocyst wall which 1s formed

P

by the WFB 1(13) The WFB Il are formed within
the cisternze of the tER This 1s sim lar to that
reported for £ meraspp {1 2 4 8 15 16 18)and
T gondn (6 12) and probably represents the
precipitation of proten molecules formed by the
membrane bound ribosomes The presence of a core
and cortex appearance i the mawre WFB Il 15
simular to that observedin / felsand J roolta {11}
Although a Golgi body 15 observed close to the
developng WFB 11 n does not appear 1o be
wt mately involved tn WFB 11 formauon This
observation differs from that previously reported
for £ brunet (4)and E acervul na (7}

We ate indehted for Mr J F Dunack e and Miss 4
Re liy for the ma n enance of the SPF cats W ¢ gratefully
acknowledge Mrs # Ran and Mrs J Berg for
techn cal ass stance and Miss 4 G O ergaard and Mr
F Laursen for photograph ¢ ass stance The work was
supported by grants [om the HWHO Geneva the
Wellcome Trust the Dan's! Med cal Researel Counc {
and the W R Ross Founda on
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D) was imitiated stmultaneously 1n the cytoplasm
(Fig 1) The rER and Golg: bodies seemed to be
1nvolved 1n the formation of the WFB 1 (Figs 1 4)
Generally a strand of rfER was observed close to the
base of a Golgt body (Figs 5 7) The portion of ER
adjacent to the Golgi body had lost the ribosomes
and a few coated vesicles were present in this region
of the Golgi (Figs 5 7) Vacuoles were now
observed at the anterior part of the Golgi These
contained material similar to that within the WFB 1
and small WFB I were also present close to the
Golgt bodies (Figs 5 7) The WFB I seemed to
mature wnto structures approximately 400 nm 1n
diameter {D) with dense amorphous contents and
they were limited by a umt membrane (Fig 8) Ina

and lipid globules (Fig 12) A nurbrolz
membranous vacuoles were obsened ot
nucleus and a few canaliculi Golgr bods
chondria and a Rittle TER were preseat s 1
cytoplasm (Fig 12}

Text Fig 1 gnes a diagramatcal represt
of the ultrastructure of part of an exly f.
mont (A) and part of a mature macroan” 1

DISCUSSION

The host/parasite relationship of the macmors
of I felis as observed in the present suudy 59—
to that reported previously (I 1) Tt shouté e
that the g h yacuoles lack i &

few cases they displayed a mottled
towards the periphery (Fig 8)

The W FB II were first observed as amorphous
spheres 150 nm D within the cisternae of the rER
In many cases a Golgi body was found to be sttuated
close to the rfER (Figs 4 6) The W FB Il continued
(o mature within the cisternae of the rER where the
largest could reach a size of 900 nm D (Fig 9) The
mature WFB It situated within distended cisternae
of the rER showed a fine amorphous core with a
more granular cortex (Fig 9)

At an early stage of macrogametogenesis changes
were observed at the periphery of the nucleus where
a number of portions of nuclear membrane and
nucleoplasm appeared to be budded off (0 form
mulumembranous vacuoles (Fig 3) These vacuoles
contatned electron lucent material and remained
situated close to the nucleus (Figs ! 4)

Within the developing macrogamont a store of
reserve material 1n the form of lipid globules and
polysaccharide granules was produced (Fig 4) The
lipid globules were the first to mature and could
reach approximately | 2 pm D (Fig 11) They were
normally observed to be situated m small clusters in
the cytoplasm of the macrogamont (Fig 11) The
polysaccharde granules first appeared as small rod
shaped structures (Figs 4 11) but as the macroga
mont matured they became more spherical 1n
appearance and tncreased tn size reaching 1 2 pm D
(Fig 12)

During the process of macrogametogenests the
number and size of the WFB [ and Il the
polysaccharide granules and hipid globules increased
(Fig 11) Durng this development the macroga
mont presented an srregular outline with a number
of invagiations of the pellicle (Fig 10)

The mature macrogamete was spherical

th outline and limited by a

appearance With a smoo ; "
organism possessed a large nucleus
pelhcle T:leeo\us and the cytoplasm was packed with
:.:::r::: WFBI WFBII polysacchande granules

166

tubules Ths s also the case 1n Towopiasmit
(6 11 12) 1 rnolta(11) Sarcoasiss® .
Eimeria magna (16) and E ferrst (Il)d‘
intravacuolar tubules are thovght 022 “’:
ristic feature of the macrogametes of r?
Eimeria spp (see ref n 10.and 15)
The formation of multimembranos ‘1}‘
from the nuclear surface m / felis b ::L
reported for T gondn ) and £ M e
Vacuoles with a similar appearance have .
observed close to the nucleus 1 & ﬂ‘:m -
Emeraspp (4 7 8 16 18) Tt 1 Iikely !
vacuoles have a common function 1 ‘1‘:‘1‘
spectes but the function 15 unknow? nkb\
are also stmular 1n appearance to the »dﬁfw .
which have been reported as 2 new fea;”
macrogamete of Sarcocysus fusiforn s € M
Our observation that the reserve mmmbuln
macrogamete of / felts consists of hpdirmm
addition to polysaccharide granules dlfl‘ege "
of Pelster {11) where only polysacchan gJ <
were noted The development of farge 3 .
reserve material 1s also charactensti ofm"{‘
of macrogametogeness in Ermeria SPP Yt
I5 16 18) m Sarcocystis spp (14 21 araﬁ‘
rivolta (1) These large amounts of food o
are probably necessary to meet the energ¥
ments of the process of sporulation
‘Within the cocerdia the most 1mpo!
nistic of the macrogamont 1s the abtltty ¢
the wall forming bodies which give
resistant oocyst wall The macrogametes
are simtlar to those of Emmersa spp (1 I
16 18) T gondu (6 12) 1 ol ! ”
h (9) and § f (14) 1n 1
types of WFB are present However 1S4
sp (199and S singaporensis (21 22) only
of body has been observed For / bell the S
1s unclear Here two types of WFB have
reported (17) b a close e ~tion 0

rant >
o sy
pse 0
ol f
481
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of the

2t of a mature macrogamete 1 part B

shed micrographs 1t would appear that the
tron lucent wall forming bodies« are more
y 10 represent reserve matenal {Upid or
saccharude)

or the coceidia. the method of formation of the
B 1s incompletely undersiood However our
% on J fels are able to provide some
‘Phologseal information 1t appeats that the eacly
Togamont of / felis 1s well equipped for protein
ests wuh Jarge amows of fER and mnme
i ubosomes and potynbosomes Our observa
$ on the formation of the WFB 1 would he

P
« u » Lompatble with earlier
Servations in T gondu (6) As pounted out by

heat et of (20)such a process could result 1n the
o 1 conaining protein carbohydrate complex
x w:xs‘ :? :]onmrdm: Witk the chemical natare of

fycr of the oocyst wall which 1s formed

of part of an early Macrogamont & g venm part \

by the WFB 113} The WFB if are formed wuthin
the cisternae of the tfER This 15 similar 1o that
reported for Evmenaspp {1 2 4 3 15 16 18)and
T gondid (6 12) and probably tepresents the
precipitation of protein molecules formed by the
membrane bound ribosomes The presence of a core
and coriex appearance 1n the mature WFB 11 s
stmifar to that abserved t { felisand { runolta (L)
Although a Golgi body 15 observed close to the
devalprg WEB I o dbes o apen & &
mnumately nvolved m WFB 11 formauon This
observauon differs from that previously reported
for £ brunett (4) and £ acenvufina (1)

We are indebted for Mr J F Dunach e and Miss Af
Re lty far the maintenance of the SPF cats W e gratefully
acknowledge Mrs H Ravn and Mrs J Berg for
technical assistance and Miss 4 G Orergaard and \Mr
F Laursen for photographic ass stance The work was
supported by grants from the WHO Geneva (he
Wetlcome Trust the Dan sh Med cal Research Counc |
and the ¥ R Rass Foundat on
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ath merobal scand Sect B 88 169 175 1950

INHIBITION QF HEPATITIS B DANE PARTICLE DNA
JLYMERASE ACTIVITY BY PYROPHOSPHATE ANALOGS

E NORDENFELT! B OBERG? E HELGSTRANDZand E MILLER!

nd! and
sanment of Medial Microbiology Umversity of Lund Solvegatan 23 S 223 6} Lu
Research and Deyelopment Laboratories Astra Lakemedel AB 5-151 85 Sodertalye’ Sweden

sdenfelt E Oberg B Helgsrand E & Miller E Inh bition of hepauus B Dane parucie DNA
Iymerase acuvity by pyrophosphate analogs Acta path microbrol scand Secy B 83 169-175 1980

DA polymerase (s assocrated wich the core of the sa-catled Dane parucles The probability thar this
the bepatius B vira) DNA polymerase offers the possiihity of prevenung hepauus B mutuplicauon
sefective nhubiton of this enzyyoe We have previously reported that tfisodivm phosphonoformare
FA) hibits Dane particle DNA polymerase Fifteen compounds with structural sinilanity to PFA
4 pyrophosphate have now been tested for tohibiion of bepatus B virus DNA polymerase 1n an
1empt 1o define the structural requirement for the whibwon  Acuve siructures bave 130 acid groups
Close prexmuty of which at least one 15 a group P! T and

tre the tho most active inhbtiors The K, value for PFA was 72 pM when dTTP was used as
iriable substrate and the mechanism of ynh bition was pon-competiive Phosphonoformate caused a
P d shut-off of the polymerase reaction indicaung that 1t might mhibit elongation The effictent
ubwon of hepatiis B virus DVA polymerase by PFA and sts low tovaity suggest that it could be
sd 10 1nhib hepayus B virus multiplicavon i vive

tnsodium

ey words Hepauus B DNA

(PFA)
Nordenfel Depariment of Medical Microbiology Unuversity of Lund Solvegatan 23 $-223 62 Lund
waden.

ed s submted 28 5 80

Adence avatable indicated that the so-called
* particles (6) are the hepautis B virus A DNA
WErase 15 assoCuated with the core of these
Sles (13 16) The probabitity that this 1s the
! DNA polymerase (18) offers the possibilty of
g hepauus B wvirus mutuplication by
fwe inhibition of the Dane partcte DNA
‘Merase

wercalating agents ke ethidium bromide have

extended to a determmnation of the mechanssm of
whsbition by PFA and an investgation of the
structure actiity relation for several PFA analogs
These structures can also be regarded as pyrophos
phate analogs

MATERIALS AND METHODS
Dane Particley

R reported 1o bt hepanus B virys DNA
T‘f;:e 2cunity probably by binding to the
it Il)no selectrvy for viral DNA has been

“:hl Prelimunary communication we have repor
a ghmvhonomm\aw {PFA} mhibits hepatitss
715 DNA polymerase (21) Thus finding ts here

o

Serum was taken from pauents who are chromc
hepavus B anugen (HBsAg carriers undergotng diatysrs
Specimens for A polymerase assay were prepated as
described earher (22) In our rouune assays 2 ml serum
Wwas concentrated 1 0 1 mt 1n most of the assays in this
study the Serumn Source has been one Paent (Ass) where
40 1l serum was collected and then concentrated 1o 0 7§
tal and stored i 100 W porvons at —20 °C
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DNA Folymerase Assay

published separately (manuscript i prepanasrl §

In the first part of the g , assay
for the DNA polymerase were as described by Kaplan et
al (16) with minor modificatons (22) To 2§ ¢l test
sample 25 pl 10% Nomdet P40, 25 pl 3%
mercaptoethanol were added and the mixture kept at
room temperature for 30 minutes This misture was then
added to 100 pl of a solutton of 160 mM Trns pH 7 5, 40
mM MgCly, 120 mM NH4CL, 05 mM dATP, 05 m\t
dCTP, 0 5 m\{ dGTP and 20 pmole (methy1-3H) dTTP
(40 Ci/mmole, New England Nuclear Corporation
Frankfurt/M)(Method 1) The mixture was incubated at
37 °C, and at sndicated times 20 p! samples were spotted
on CF/C Whatman glassfiber papers The filters were
left 1n $% TCA/01 M tetrasodium pyrophosphate
solution overnight, washed dried and the radioactivity
counted

Dunng most of the tnvesugation this method was
modified, as suggested by Hirschman etal (12) The 120
mM NH4Cl was replaced by 400 mM KCl Mercapto-
ethanol was excluded and instead 20 mM dithiothrestol
was included tn the 100 pl solution added to the sample
Finally, as labelled nucleoude 2 5 ul (32P) ATTP (300
Ci/mmol, 1 0 mCi/ml Radiochemical Centre Amers-
ham England) was used 1nstead of (3H)»-dTTP (Method
2) These changes gave 10-20 umes higher incorporation
n cpm compared to the earher method 1n tests run in
parallel

The inhibitors were added to the reaction muxture at
4 °C before incubation at 37 °C was started Inall assays
duplicate aliquots were taken and the results given in
cpm are the mean of obsenved cpm

Py raphosphate Analogs

Tetrasodium pyrophosphate (I) oxalic acid (111} and
glycolic acid (VID were from £ Merck Darmstadt
West Germany Disodium sulphonoacetate (XV) was
from LCastman hodak Co Rochester N'Y Phosphoglyco
nic acid (XVI) was from Sigma Chem Co St Lows
Miss Disodium ethane-1 hydroxy-! 1-diphosphonate
(XD was a gift from The Procter & Gamble Company
Ciunnat Ohto  Disodium  hypophosphate (ID was
preparcd according to Genge ef al (9) Trsodium

(XVD) according 1o Nyfen L24) anu Arouson & vuminzy
Seorm .

=14 ml
to give
(poly-
ethyleneniii, 2 = 05% of P’fomgz]?
spot with Rl = 0 10 and less than PRA 2
Phenylphosphonoatelic acd (XIV) was syn 5:’1
ding to Kreutzkamp & Cordes (17) The method to
repate thyl disodium oxycarbonylphosphonate [4%]
D o pi h V) will be
and di
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(V)and (VD d less than 0 5% PFAgurn.
TLC (polyethyleneimine 2\ LIC) mohiaes
The structures are shown m Table 2m teradi~
but are 1omzed at pH 7S 1n the assav

Dctermnation of Inhibition Constants
Determnation of inhibiuon constants 203 red-

of inhtbitton »as according to Cllandtd S Axy

programme for plotting regression Lines was st

RESULTS

Tume Course of the DNA Polymerase Ramm‘

Figure | shows the time Counse of 475~
reaction where (3IP-dTMP  incorporaton *
studied during a S-hour period The mmfvci
was almost linear for 4 hours, both mmT
tion of 0 043 pMdTTP as shown in Fig In XL
concentration of 0986 pMATTP wheh M;
highest concentration used 1 the mechansm S

Intibriion of the DNA Polymerase Acn
Dyfferent Pauens by PFA ]

The polymerase aciniles o
sera ofpg )[Jx;\uems were compared wiib ‘sﬁf
Inhibiion by PFA  As 15 evident from Tablt;
hibited the polymerase acuvity of all tested P
sera, eg 100 pM of PFA gne & “‘!l
between 77-90% and 10 pM PFA o
inhibiuon of 39-60%

Dane parus

Mechamsm of Inhbition b FFA o
The rate of hition was m‘ﬁs‘h’f:w:

experiments where PFA was added \;)'}‘C o

mixture 30 munutes after the start !

com 10 4

T 4 & e

Fig 1 Time-course of the DNA polymerasé eX
60 ul of Dane particle preparation 10 p! Now
and 400 p! of a reaction mixture (according 10 ™
was added At the designated umes afler |ncub‘“°“.
20 pl aliquots of the reaction mixture were rEMO™
radioactivaly couting -

- - .

ot
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{ Iektbican of DVA Polymerase Actisity by PFA
vane Partcle Preparations from S Panenis

Incorporation 100 3 PEA 10 yM PFA

\theabsence  Percentage  Percentage
of PFAY nhibition ntubition
7087 89 60
14894 90 61
150 7 4
584 79 ]
4138 80 39

§ Wl serum preparation was added 15 Wl PFA or
and 2 § 1t 10% Nondet P 40 immedsately before
g 100 pl solytion (aczording to method 2)

after 3 hours 1ncubaton at 37°C

wnmFig 2 PFA caused an immediate shut
the polymerase acuvity Fig 3A shows the
eaver Burk plot for inhibition of hepatius B
DNA polymerase acuvity by PFA at varying
nwations of dTTP The result mdicates that
echamsm of tnhibition 15 non-competitive As
sm Fig 3B a replot of the intercepts and
» gave the mfubibion constants K, = 72 pM

350 pMand k, = 226 pM The Kn value
ITTP was 015 pM as obtaned from the
veaver Burk plot

en

®  w  w m e Tl e

2 Rate of ihubiuon of the DNA polymerase
tm: by PFA To 60 ! of Dane partcle preparation
u‘lA ...ﬂ“im f 40 and 400 pl reaction muxture (accord
er . :

Te1 . uiquyts were takea tmmerdatel,

y befose and
#F the addiuon of PFA or HQ The reaction rale is
N;-“r both befare snd afier 2ddition Due to the dilution
. Tum 3 Yower fate of reaction ts observed after that

w ®
Fig 34 Double reciprocal plots of the hepauts B virus
DVA polymerase-catalyzed reacuon with 4TTP as
varable substrate and PFA as wmmbitor The rea—non
was accordimg 10 method 2 and she wncorporaton of
(3 P}ATMP dunng 4 hours was determuined Phospho-
noformate concemranons were @ M (+) 10\ (O}
and 20 pM (@)

Soea
totmert

3 T
Fig 3B Replots of stopes (®) ard intereepts (4 ) as 2
functton of PFA concentration Date were taken from
Fig 38

Intubition of Hepauns B Virus DVA Pobymerase by
Analogs of PFA

The mhubition of hepatits B virus DNA polyme
fase acuvity by PFA and several anzlogs of PFA
and pyrophosphate 1s shown i Table 2 A 50%
inhubition was observed at 20 M PFA Hypop-
hosphate (1) ihthued the alymecase agnay by
more than 90% at 500 pM concentration A shght
whibitton was also seen for pyrophosphate (I} and
carbonyldiphosphonate (IX}

The rest of the compounds at up to 500 M
Concentration did not show any sigraficant mhibt
ton for the DNA polymerase activity

DISCUSSION

The hepatius B virus DNA 1 the Dane partcles
seems to be eircular (28) with about two thirds as
double and about one third as single-stranded DNA

1m



DNA Folymerase Assay

published separately {manuscript 1 preparaid §

In the first part of the assay
for the DNA polymerase were as described by kaplan et
al {16} with mwor modifications (22) To 25 pt test
sample 25 pl 10% Nomdet P40 25 pl 3%
mercaptoethanol were added and the mixture kept at
room temperature for 30 minutes This mixture was then
added to 100 pl of a solution of 160 mM TrispH 7 5 40
mM MgCly 120 mM NH4Cl 05 mA dATP 05 mM
dCTP 05 mM dGTP and 20 pmole (methyl *H}-dTTP
(40 Ci/mmole New England Nuclear Corporation
Frankfurt/M) (Method 1) The mixture was mcubated at
37 °C and at indicated umes 20 pl samples were spotted
on CF/C Whatman glassfiber papers The filters were
teft 1n 5% TCA/O1 M tetrasodum pyrophosphate
solution overnight washed dried and the radioactivity
counted

During most of the investigaton this method was
modified as suggested by Hirschman et at (12) The 120
mM NH4Cl was replaced by 400 mM kCl Mercapto
ethanol was excluded and instead 20 mM dithiothreitol
was included 1n the 100 pl solution added to the sample
Finally as labelled nucleoude 2 5 pl (32P) ATTP (300
Ci/mmol 10 mCi/ml Radwochemical Centre Amers
ham England) was used instead of (3H) dTTP (Method
2} These changes gave 10-20 umes higher incorporation
1n cpm compared to the earlier method 1n tests run 1
parallel

The nhibitors were added to the reaction mixture at
4 °C before incubation at 37 °C was started In all assays
duplicate altquots were taken and the results given
cpm are the mean of observed cpm

Pyrophosphate Anafogs

Tetrasodium pyrophosphate (D) oxalic acid (I11) and
glycolic acid (VII) were from E Merck Darmstadt
West Germany Disodium sulphonoacetate (A V) was
from Eastman Kodak Co Rochester N'Y Phosphoglyco
tic acid (XVID was from Sigma Chem Co St Louis
Miss Disodism ethane | hydroxy 1 1 diphosphonate
(XI) was a gift from The Procter & Gamble Company
Cinunnati Oho  Disodium  hypophosphate (I was
prepared according to Genge et al (9) Trisodum
ol formate (IV) ph acid (XI1) and
2 phosphoncproplomf acid u(Xlll) were synthesized

ding to Schwarrenpdell & 2urt Wuy o wud ounsng

inehy

- 26)

T P i
am ws

| molybdate spray) gave a stngle
anlenaimine 24 L e ran O 5% of PFA 2
;‘i«inylphosphanoaoeuc acd (XIV) was synthesized
according to Kreutzkamp & Cordes (17} The memod( ‘(,Q)
thyl disodsum «xyarbonylphosphona(e
p“;pa‘"" ‘f“’- g hi (VD will be
ant
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{V)and (VD) d less than 0 §% PFA 2z
TLC (polyethylenaimine 2M LiCl molybe g
The structures are shown 1n Table 2w harsit-
but are jomzed at pH 75 1n the assay '

Determination of Inhubitton Consianis
Determination of inhibition constants and et

of inhibrtion was according to Cleland (4 $ Aazy

programme for plottng regression lines was us

RESULTS

Time Course of the DNA Polymerase Rextaa

Figure | shows the time course ofatm
reaction where (3P}dTMP incorporatas *
studied during a § hour penod The
was almost lnear for 4 hours both Nm&]
t1on of 0 043 pMJTTP as shown 1n Fi8 lult
concentration of 0986 uMdTTP which v
highest concentration used t the mechansm s
Iniubiton of the DNA Polymerase Aawn T
Dyfferent Patients by FI4

q:he polymerase activities of Dané me:::;
sera of 5§ patients were compared with I'P
inhibition by PFA As 1s evident from Tahl:h
inhibited the polymerase actrvty of all &
sera eg 100 pM of PFA gue 3
between 77-90% and 10 pM PFA ™
inhibition of 39-60%

Mechanism of Inhibinon by FFA "
The rate of nhibition Was m"m \

experiments where PFA was added wthe o

muture 30 munutes after the start of

pm w0 ¢

e

Al k3 3 . &
Fig 1 Time course of the DNA polymerast mcd:f
60 pl of Dane particle preparation 10 pl Nom®!
and 400 pl of a reaction mxture (according 10 %
was added At the designated imes after sacube
20 pl aliquots of the reaction muxture were r¢mo"
radroactvity couttng



Percentage
whibiuon
at 500 p\

Compongd

PFA and a wuesugauon of the mechamsm of
whibiton by PFA

The hepauts B virus DNA polymerase reaction
was rapudly blocked by PFA (Fig 2 whih mught
mdicate that PFA s 2n elongation mfubitor The
wmechanusm of nbibion by PFA was gon
competitne (Fig 3AY with regard 10 6TTP This s
i d: with the of by
PFA of herpesvirus DNA polymerase $27) anflu
enra vius BNA polymerase (33} and reverse
transcriptase (34) PFA had an kb om = o
1N

he » o,
anu sevesse rom avian mye}
virus with @ Ry of 16 pV when the deovyrido-
nucleoside triphosphates were vaned

The whibitory effect of PFA on Dane particla

ol

Splsemm o o

oo

befort

ad Lo Al and XVT were tested
;ng © mahod { and the others according to

1S Were taken immediately and after 3 hours
2von at 37 o

——

The core assaciated DNA polymerase (13 16)
D reporeed to qutiate DNA synthesis at

om on iy partly single stranded DNA (19)
$udy of this snzyeme and 1ts reaction has so far
hampered by we Jow enzyme acuvity as
muned by tacorporation of (R tabeiled nucleo
monophosphates andt the fact that the Dane
cles can only be obtuned from patient or
ipanze sgry

e attempts have earlier been made 1o find
o3 of the hepatius B virus DNA polymerase
Wy Intercalatng agents such as ethidium
42 and quinaciin can \nhibry the polymerase
1y 1) Howerver no speaificity 1n binding to
U B virus DNG as compared 0 tellujar
X has been shown for thess compounds
20le monophasphate vidarabine and phospho
wiate have earker been reparted 10 be without
T on the hepayts B virus DNA polymerase
Lonil4 20) tn a prelimmany ramae

o

n N

¥ "
e ~ o n POLTRTASE assay the
€ase 1 incorporated fadioactivity permmitted a

™ reacuviy xewts of erheenees imdar 1o

DNA poly seems 10 be very
specific There 15 a 50N mhibon of this
polymerase activity at 20 )\ PFA Only a1 100
umes that concentration 2000 pd 2 50
whubition of cellular DNA synthests has been seen
(32} Cellular DNA polymerase y which also has 2
low km value for JTTP{31) 1s notinmtnted by $00
WM PFA (B Epksson persomal comsmumication
27) No nhibition af bactena) or mucnntaces »

“y assngg
UNA polymerase from several other tested DNA
polymerases {10 27} which are inhibited 1o the
same exlent by PFA and PAA Reverse transenip
tase 15 the paly DNA polymerase yer mvesugateq
that shows the same pattera of nhibison 133) EY
Dane panicle DNA polymerass However 1y
contrast 10 Dane parucle DNA polymerase hys
ST RN

prtime ¢ . o

paUMC L YA pOly merase

Two compounds hypophosphate (1) and PFA
V) were eflective nhubitars of hepatitry B virus
DNA polymerase Boty tould be regarded as

M ws nf me o

v tellith plocking zay of the tho acdie

£raups of PFA 1ad to wacyve Structares (V V)
1S 519 actordance with theyr lack of effect o

n

herpesvirug bvg polsmerase (Erksson e af



TABLE 2 [Inhibuion of Hepatins B Virus DNA Polymerase Actn ity by Py rophosphate Analogs The Co,
Shown in Their Aaid Forms

Percentage
Compound mhebitron Compaund
at 500 pM
1 X
000
b I11
HO-P-0-P-OH 69 HO-P-C-P-OH
OH OH OH OH
1] X
OOHO
HO-P- P-OH 97 HO_;H_(I;”_y_on
On OH OH  OH
00|
0 0
\C g 28 0O OH O
oo on j
____________________ ———— HO-P—C—P-OH
w
o OH CH) 011 __________
R T
HO-P-C] 95 Xn
oH o
PFA ol j X
""""""""""""" HO-P-CHC__
v | o
o PAA  OH
R T
HO-P—C 3 Xm
\ Qg
OCH3 o]
= mmmm ST oTTeTT o oeomm e f———— I —C/o
i HO-P—CH ~oH
OH CH3 1




~ Nordenfelt E & Kjellen L Dane particles DNA
¢ polymerase and ¢ antgen 1n (wo different categories
~of hepatius B anugen carriers Intervirology § 225~
P24
‘wlen P Benwrsg Tur hennums der orgamischen
-Phosphorverbindungen  Benchte 57 1023~1038
1924
Mylen P Zur Kenntnss der orgamischen Phosphor
serbindungen Berichte 59 11(9-1128 1926
Pollard R B Smuth J L Meal E & Gregory P
"B Mergan T C & Robison W 5 Effect of
Wdarabine on ehronc hepanus B virus infection J
AM A 239 1648-1650 1978
Qumby O T Prenuce J B & Micholson D A
Tetrasodum  carbonyldiphosphonate Synthesis
feacuons and spectral properties J Org Chem 32
41114114 1967
“Rewo S M Lee L F & Boei J A Intbition of
” herpesvrus uphauen and h:rpesvlms Induced

mm Antibicsob Ag:ms Chtmo‘hel 13 188-192

g Rub mon W S Clayton D A & Greenman R L
DA of a buman hepatius B virus candidate J
Virol 14 334-391 1974

2

B

-
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-
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o
=

Sacks S L Smith J L Pollard R B Sawhem
V Mahol A S Gregoy P Merigan T C &
Rokinson # S Touciy of vidarabine JAMA
241 28-29 1979
Schworzenbach G & Zure § The pyso and
hypophosphorus acids 10 comparison with orgasic
diphosphomc acids Monawh 84 202-212 1950
Spadari S & Wetsshach A Mela cell R-geoty
acid of o
enzymatic acuvaties J Biol Chem 249 5809-
5815 1974
Stenberg K & Larsson A Reversible effects on
cetlular metabolism and proliferation by trisodium
phosphonolormates Anumicrob  Agents Chemot
her 14 727-730 1978
Strulh S Helgsirand E Lannero B Misiormy A
Siening G & Oberg B The effect of pyrophosphate
anafogs on nfluenza virus RNA polymerase and
influenza virus muluplication In press Arch Virol
Sundquist B & Oberg B Phosphonoformate
Intobites reverse transcoiptase In press § Gen
Yarol 1979




500 pM, only carbonyldiphosphonate (IX) showed
a significant inhibition of hepatitis B virus DNA
polymerase These results indicate that active
inhibitors have two acid groups at close proximity
and that at least one should be a phosphono group
It seems hkely that PFA interferes with a pyro
phosphate binding site on the polymerase

The high incidence of hepatitis B virus infections
makes the development of efficient chemotherapy
important Interferon (for review see 7), virazole
(15) and vidarabine (3 25) have been tested 1n
chinical tnals The significant but transtent effect so
far reported for 1nterferon and vidarabine might be
improved by longer treatment However, the
toxicty of vidarabine (29) 1s ltkely to pose
restrictions on the length of treatment with this
compound and wnterferon s still available only
hmnted quantives The wviral DNA polymerase
actvity 1s not mhibited by vidarabine triphosphate
(Nordenfelt unpublished observation)

Since PFA has a low cellular (32) and amimal
toxicity (8) 1t could be constdered as a candtdate for
chinical trials on hepatits B PFA inhibits herpes
simplex DNA polymerase m viro and has a
therapeutic activity 1n animals infected with herpes
virus (1) It 1s possible that the Dane particle DNA
polymerase acuvity 1s necessary for hepatitts B virus
multiphcation and studtes on chimpanzees have
been mutated to test this assumption (R Purcell &
K Tsiquaye personal communications)

The nvestigation was supported by the Swedish Medrcal
Rescarch Counail (project No B79 16X 02865 10A)
We thank Mrs Britr Marie Karisson for assistance with
the manuscript
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PATHOGENESIS OF SENDAI VIRUS INFECTION
IN MICE

On the Possible Role of Interferon on the Development of Disease

MIKLOS DEGRE and HALVOR ROLLAG JIr

Kapt W Withelmsen og Frues Bakierologiske Instturt Unnersity of Oslo Rikshospalet Osto
Norway

Degre M & Rollag H Pathogenesss of Senda) virus infection 1n mice On the possible m‘x’e of
mierferon 1o the development of disease Acta path mucrobiol scand Sect B &3 177-181 198

Intraperttoneally 1 p ) sapected smterferon prolonged the survival ume of mice moculated ntranasally
Gin) with Sendas virus and reduced the moratuty 10 mice moculated 11 With Haemophlus influen.ae
Moderate concentrauons of mnterferon were demonstrated 1n homogenized lungs of Sendat virus snfected

mee 25 lony
Sendas virus or anterfer
phay
that

Preumonia 15 a reduction of the Jun;
mod fying effect of
of the disease

2 35 the virus was present Stmilar concentrations could be produced by 1p inpection of
on Alveolar macrophages from mwe treated 1 p with snterferon or Sendas virus.

docrtized more acuvely than control macrophages From the present and earlier data it 1s concluded
* interferon may have a direct effect on the Sendas virus mfection The total effect of wirus
g macrophage antimicrobial acuvity and therefore the phagocytosis

nterferon produced in the lungs s probably of minor impornance for the outcome

Key words lnterferon phagocytosis Senda virus alveoiar macrophages

M Degre Bakterologisk Insttu Rikshospttalet Oslo | Norway

TR12MI9 Accepied § 1t 80

influenza | virus Sendat virus 15 a common
%oty wact pathogen 1n the mouse Since the
urally transmitted vary usually produces a mild
U mvtang nfection 1t 15 considered an excellent
1odel of human paramfluenza virus fespiratory
Aecuon

In addion 10 the primary virus mnfection the
B8 15 frequenly complicated by secondary
“qerial lecyons, tomplicatons which may be
e for the outcome of the disease (9)

5 o Ptihogenesss of the viral respiratory infection

OPex mvolving 5 number of host defence
hsls both specific and non specific  Interferon
hﬂorn‘ fecognised as a non specific defence

st viral infecuions Evidence for its role

The present commumication 1s an attempt to
analyse the roe of interferon in the recovery from
murnne Sendar virus mfection especatly the role of

the interferon effect on the alveolar macrophage
actoity

MATERIALS AND METHODS

Mice Inbred young HaM/ICR /CSF/Bom female atbino
fice were used for alf experiments except those requiring

wom

Yisus Parainfluenza | virus Sendar strain was
ongnally obuained from Dr £ 4 Glasgowm {(University
of Rochester Rochester N Y) Our stan had been
Passaged 5 umes in embryonated £285 10 our laberatory
Y irus tiires were assayed ;n embryonated eggs and by the
PRaemagztutination (HA) test UsIDg guinea prg erythrocy
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Intraperstoneally (1p ) injected 1nterferon prolonged the survival ume of mice tnoculated intranasally
0) with Sendas virus and reduced the morality 1 Mice inoculated 10 with Huentophitus influen ae
Moderate concentraions of interferon were demonstrated n homogenused fungs of Sendas virus tnfected
Quce a5 [ong as the virus was present Similar concentrations could be produced by 1p imjection of
Senda virus or interferon Alveolar macrophages frosm mice weated 1 p with interfeson or Sendar virus
phagocytized more acuvely than control macrophages From the present and earhier daws 1t 1s conciuded
tat wterferon may have a direct effect on the Sendar vinus imfestion The towl effet of virus
Prevmmonsa 1 a reduction of the lung macrophage antimucrobial actnvity and therefore the phagocytosts
mod fying effect of tnterferon produced 1n the lungs IS probably of minor importance for the outcome

of the disease
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Parunfiveraz ) virus Senda virus 15 a coamon
:&::lt‘ery tract pathogen 1n the mouse Stnce the
i hmy mnsr[nmed virus usually produces a mild
ol :;ni lection 1t 15 considered an excellent
ooy uman parainfluenza virus Tespiratory

1 addion 1o the primary virus infection the
s frequentty Complicated by secondary
Yo (Gltfi\:c’?s Mozmpl:umns which may be
The
- ew
o l;‘“sboln SPectfic and non specific Interferon
ol Fecognised as a non-spectfic defence
ey Yl wnfecuons Evidence for 1ts role
whors nmmsmnce has been presested by many
i ough such evidence 1s maimly arcum
1Y Cases disputable {3)

The present Communication 1S anh attempt to
analyse the role of interferon in the recovery from
murine Sendai virus infection especially the rofe of

the interferon effect on the alveolar macrophaze
activity

MATERIALS AND METHODS

Mice Inbred young HaM/ICR/CSF/Bom female albino
Mice were used fof all expenments except those equirng
- .
them

Vrus Paranfluenza ! wvirus Sendas strain was
ongmatty ohuuned from Dr L 4 Glasgow (Unsversiy
of Rochester Rochester NY) Our strain had been
Passaged § umes 10 embryonated eggs in our laboratory
"V irus utres  ere assayed In embrygnated eggs and by the
haemaggfutnation (HA) test using guinea pig erythrocy
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tes Finally the mouse lethal dose (LDso) was determined
by mntranasal inoculation into adult mece of ¢ 1 m? of 10-
fold dilutions of wvirus, 5 mice per diluion The
tnoculated mice were observed for 15 days and the
mortality was recorded daily The virus pool, kept at =70
°C, showed an HA titre of 1024 and § x 106 egg
infectious doses {EID) per 0 | ml

Vesicular stomatius virus (VSV), Indiana strain
employed In the interferon test, was propagated and
assayed 1n L-929 cells by the infectavity end pownt test

Newecastle disease virus (NDV) was used for induc-
tion of nterferon Qur stran originally obtamed from
Dr L A Glasgow {(University of Rochester, Rochester,
N Y ) was propagated 1n embryonated eggs and titrated
by the HA method, using gutnea pig erythrocytes

Bacteria  Tor the mortality studies Haemophilus
influcnzae strawt b 51, origially obeiaed from Dr T
Omland (Dept of Microbology, Lillchammer, Nor-
way) was grown and used as described earlier (8)

In vuro phagocytosis was performed with Escherichia
colr stramn x-7, sero-group 0 86, B 7 (21)

Interforon Murime type 1 interferon was produced 1a
1-929 cells, moculated with NDV  After incubation
overmight at 37 °C the supernatant was removed and
clarified by low speed centrifugation The rematning
NDV was mactivated by treatment at pH 2 at 4 °C for 4
days Some of the non-interferon proteins were precipita-
ted by this treatment and removed by centrifugation at
1500 g for 20 minutes The supernatant was then
neutralized 1o pH 72 and used without further
concentration or purtfication Samples of this prepara-
tron were kept at =70 °C and [resh ampoules were used
for each expeniment Interferon activity was assayed by

f

mortality frates was made by means of the "
ploying the 2 x 2 table analysis)

EXPERIMENTS AND RESULTS

In the first experiment we exapmed the efic
Interferon on the course of the Sendu ¥
mfection Mice were noculated 11 #ith LD
Sendai virus A randomly-selected half of ey
of mice {n = 32) were snjected wntrapenton
(p)with I X 104 units of mterferonn 01
The 1njectrons were started at the same umes
virus 1noculation and were repeated daly Thec
hall of the group (n = 32) were given thes
volume of MEM 1p daly The grows
observed for |5 days and the morally
recorded The data are summartzed 1o Fig |
final mortality was practically the <me @
con-treated as in control mice (68 and 64 5per
respectively) However, muce treated 10 e
survived longer (mean 9 8 days) than control
(mean 8 3 days) Sigmficantly more control
died durtng the first 9 days of observation bt
versus 7) and more ierferon-treated me
after day 9(17 versus 4,x2 = 8 9.P <00
The concentration of nterferon m‘thz(
following the 1p injection of | x 10430%
determined Three mice were killed 2t destg

umes after mjection Their fungs Were &
a ,rzulu:lJ h d n | ml MEM

the y (6) ying L-929
cells and VSV as challenge virus The ttres were
adjusted to the mouse reference preparation G-
002-904-511 obtaned from the National Instiute of
Allergy and Infectious Diseases Bethesda Md The
wnterferon preparation employed n the present study
contatned 1 X 105 units per ml

Phagoe) tosis experiments Alveolar macrophages were
obtaned via the trachea {(7) The pulmonary lavage was
performed with 1 5 and [ mf of Eagles minimal essential
medium (MEM) containing Lignocain (16) 20 per cent
fetal bovine serum and antibiotics The cells were
distributed into  Leighton  tubes  containing  »ilying
coverslips«  After incubation overmght at 37 °C
humid atmosphere With 5 per cent CO; the non
adherent cells wetc removed by vigorous washing The
macrophages were re incubated with the bacterial
suspension 107 bacteria per ml n Krebs-Rimnger-
Glucose buffer without serum as descnibed m detall
elsew here (23} The tubes were incubated stationanily at
37 oC After 90 munutes of 1ncubation the »flymng
coverslips« were removed washed with physiologtcal

alcohol and stained with Giemsa The
saline ed ‘(v“h bacteria and the

o ges
e number of bacteria per cell were determined
ndently by two persons
LDso was calculated by the
d & Muench Comparison of the

prop!
averag
mucroscopically ndepe;

Sranstical analysis
methad described by Reu

homogenized lungs were centnifuged 3¢ 15

PER CENT MORTALITY

oavs
Fig ! Mortahty of mie following inoculatio!
Sendai virus Influence of daily 1 p myection of |
units of interferon



| Intetferon Concentrauons wn Lung Tissue of
o ng [ntrapertioneat Impection of 1 X 104 Lnits
of Interferon

fiet yjechon Tatesferon unuts per ml

1708

360
85
(1]
[

apooa

ol three langs

imutes at room temperature Lo remove cell
i and the interferon utres were determined s
ipernatants The titres (Table 1) were adjusted
e dilution factor | 5 (w/v) of the whole fung
m] MEM High concentrations of interferon
present 1 the lungs during the first hour after
‘ton and Jow utres could be demonstrated for
llowing few hours

1e next experiment was designed to correlate
feron production during the Sendar virus
or to the development of the disease A group
uce were moculated with 1 LDsq of Sendat
s Three muce were killed datly The lungs were

ot

¥ L Tugh tres persisted to days 7 and 8 and
) dechined rapidly after day § The snterferon
= correlated well with the virus mtres Both
s and interferon titres declined below detectable
s afier day {3

o the following experyment we measured the
vence of interferon on the phagocyuc activity of
solar macrophages Mice were mjected 1p with
* 104 uans of interferon or with 0 1 ml of

——itus
= ciwnririnon |

Bavs
Fig 2 Vyrus (HA) utres and interferon ([F) units m the
lungs of mice following :n noculation with Sendar
virus Each valve represent the mean of three luags

Sendar virus containing 1023 HA units per ml
Eight hours later the mue were killed the
macrophages were harvested through puimonary
favage then seeded into Lesghton tubes and theyr
phagocytc actvity was determined The lungs of
mice noculated with Sendat virus contaned 2-5 x
10? unus of nterferon at the tme when the cells
were obtatned The results shown in Table 2
ndicate thal macrophages from mce mnjected wath
esther nterferon or Sendai virus phagocytized more
actively than macrophages {rom control mice

To assay the possible role of the enhanced
phagocytosis 1 vive mice were moculated 1 n with
suspenstons of # influen-ae 1n concentranons that
produced fatal disease 1m at least 50 per cent of the
mice One group of muce {n ~ 39) were treated
daidy with 25 x 10* units of interferon 1p The
control mice{n = 42} recerved daily 1njectrons of an

\BLE.2 nfluence of Intraperitoneal Inyection of Interferon o Sendal Virus on the Phagocy e Actisny of the Alseolar
Macrophages

festment Per cent macrophages

containing bacteria

Mean number of bacteria
per macrophage

‘sntre]
Merferon § x 104y
v 10003V

547(540-55 1)
750013 6-76 4)
765(16 1-877)

095(087-1 38)
20 (18 216}
166(1 59-365)

Metuantrange) of s counts
erieton of Sendai virus was

injected 1 veo]
m’i‘i‘“ determuned v 1 P Alveolar macrophages were harvested 8 hours later and their phagocyne
P
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tes Finally the mouse lethal dose (LD sg) was determined
by mtranasal tnoculation into adult mice of 0 1 ml of 10-
fold dilunons of wvirus, 5 mice per dilution The
wmoculated mice were observed for 15 days and the
mortality was recorded daily The vicus poal, kept 3t ~70
°C, showed an HA utre of 1024 and 5 x 106 egp
infectious doses (EID) per 0 1 ml

Vesicular stomautis virus (VSV) Indiana stran,
employed 1n the interferon test, was propagated and
assayed 1n L-929 cells by the infecuvity end point test

Newcastle disease virus (NDV) was used for induc-
uon of interferon Qur strain ongmally obtained from
Dr L A Glasgow, (Unnersity of Rochester, Rochester,
N'Y ) was propagated 1n embryonated eggs and titrated
by the HA method, using guinea-pig erythrocytes

Bacrena For the morualty studies Haemophilus
wflucnzae stran b $1, ongmally obtained from Dr T
Omiand (Dept of Microbiology, Lillehammer, Nor-
way), was grown and used as desgribed earlier {8)

In vitro phagocytosis was performed with Escherichia
coli strain x-7, sero-group 0 86 B 7 {21)

Interferon Wurine type 1 interferon was produced in
L-929 cells inoculated with NDV After incubation
overmght at 37 °C the supernatant was removed and
clanfied by low speed centnfugatton The remaining
NDV was activated by treatment at pH 2 at 4 °C for 4
days Some of the non-interferon proteins were precipita-
ted by this treatment and removed by centrifugation at
1500 g for 20 munutes The supermatant was then
neutralized 10 pH 72 and used without further
concentration or purification Samples of thus prepara-
tion were kept at =70 °C and fresh ampoules were used
for each experiment Interferon acuvity was assayed by

mortality rates was made by means of the fuetler
ploying the 2 x 2 table analysis)

EXPERIMENTS AND RESULTS

In the first experiment we examined the e
interferon on the Course of the Sends v
infection Mice were moculated 1n wib 1 1Ds:
Sendat virus A randomiy-selected half of bt L
of muce (n = 32) were tnjected mtrapeniee
Gp)with 1 x 104 unus of lmerfemanIE
The 1njections were started at the same L€ s~
virus inoculatton and were repeated duly Theet
half of the group (n = 32} were gnes the g
volume of MEN 1p daly The grows ¥
observed for 15 days and the mortahty ¥
recorded The data are summaried m it 1 ¥
final mortality was practically the sase 11 £
ron-treated as 1n control mige (68 and 64 SP:{R
respectively} However, mie treated with 10t r ¢
survived longer (mean 9 8 days) thaa conii®
(mean 8§ 3 days) Sigruficantly more W“““‘“j
died during the first 9 days of observauon ua
versus 7) and more interferon treated ‘;T‘\\m
after day 9 (17 versus 4,x = 89,p<0 et
The concentratton of mterferon m‘ ;m
following the tp wyection of 1 X 104
determned Three mice were killed 3t desigp

e
tmes after imjecuon Their fungs “r‘lE\!
Ily and b g 1 m N

the mle y inhib (8) loy L-929
cells and VSV as challenge virus The utres were
adjusted to the mouse reference preparation G-
002-904-S11 obtained from the National Insttute of
Allergy and Infecuous Diseases Bethesda Md The
interferon preparacon employed n the present study
contained 1 X 10% units per mt

Phagoc) tosis expi Alveotar ges were
obtained via the trachea (7) The pulmonary lavage was
performed with 1 5 and | ml of Eagles minimal essenuia)
medum (MEM) contaiming Ignocain (16) 20 per cent
fetal bovine serum and anubiotes The cells were
distnbuted to  Leighton tubes contaiming  »flying
coverslips«  After incubation overnsght at 37 °C in
humid atmosphire with 5 per cent CO2 the non
adherent cells were removed by Vigorous washing The
macrophages were reincubated with the bactersal
suspension 107 bactena per ml, in Krebs Ringer
Glucose buffer without serum as descrived in detall
elsewhere (23) The tubes were incybated stationarily at
37 °C After 90 munutes of 1ncubation the »Nying
coverslipse were removed wash=d with physiological
salne fixed with alcohol and stained with Giemsa The

¢ k

o P bacteria and the
;ve:ag: number of bactera per cell were determuined
microscopically ndependently by two persons
Surnstcal anahms LDso was calcufated birﬁ:
met® »d described by Reed & Muench Compatison

00
homogenized lungs were centrifuged 3 (300¢

PER CENT MORTALITY

vavs
Fig 1 Mortaly of mice following mocul‘-‘l "
Senday virus Influence of daily 1 p njection of
units of interferon

ion
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Fig 3 Mortality of mice following inoculauon with
Hacmophilus influen ac Influence of daily 1 p injection
of 25 x [04unis of mterferon

idenucal volume (0 25 mb) of MEM As shown
Tig 3 the mortality of interferon treated mice was
significantly reduced from 68 to 46 per cent (y? =
465 p <005) However the treatment did not
prolong the survival time of those mce that
succumbed to the nfection The mean numbers of
days of survival were 3 9 and 3 6 respectnely

DISCUSSION

Being a good model for human respiratory infec
trons the pathogenesis of murine Sendai virus
infection has been nvestigated by several authors
There are 8 number of host defence factors both
specific and non specific ones which probably play
some part 1n the ternunation of the infection The
decsive role of the spectfic B cell mediated humoral
immune response has been demonstrated (4 5 15
22) s the Tcell and NK cell mediated local
responst seems to be of importance (1 2) although
1t has been questioned whether they are essential for
the recovery (15)

Among the non specific defence factors the
bactericidal activitis of pulmonary macrophages
and the physical transport mechanism of the ciliary
eputhelum of the bronchtial system are both deeply
involved 1n the defence against secondary bacterial
nfections (8 12 14 [8 19 20} which are to a
farge extent responsible for the fate m(;mh(y
following Sendai virus infection of mice (9 10)
Interferon 15 beheved to be 3 defence factor in
primary virus snfection also wt the respiratory lra:dl
£15 72} In our experiments parenterally 1nject

interferon prolonged the survival ume of &
virus infected mice However these mie arek
had interferon 1n ther lungs being mduedd *
virus Thus the significance of the add o
njected interferon 1s uncertain

During recent years it has become evidert &
interferon exerts a regulatory effectonawu 1
of cellular functions (25} including <everal &
factors against infectious diseases Moden* ¢
centrations of interferon enhance the fha®
activity of macrophages i 1o and (il b
17 24) while high concentrations can dgres!
uptake of bacteria 1nto murine peritoneal maT¥
ges (24)

Interferon njected parenterally in thus U
reduced rather than enhanced the moraly &
the moculated / mflucn ac The mterferon
tration 1n the lungs following parenteral w1
was moderate comparable to that showt
enhance phagocytic actvity 117 2% heRes
that the phagocytosts-enhancing actvity m“;
the interferon effect on the developmert ¢
disease but other factors may b mahed

The effect of nterferon treatment o0 he®
virus mfection 15 more difficul to explzn I
the early phase of the mfecton +¢ the i v
while virus was present 1n the lungs ﬂ'“"ﬂ‘“
reduced by nterferon treatment but the
mortality was the same

It has been repeatedly demonstrated that ¢
mucrobicidal capacity in the lungs and the ph;
tic acts 1ty of macrophages are reduced dunind

infection (8 18 19 20 26) Thus reucd
usually maximal 4-7 days after mmuhll\)ﬂf
virus The mechamsm of this effectis nl‘/‘t‘ﬂ—“F
have attempted to find out whether (he ek
production during infection 15 myolved

During the Sendas virus mfection m1erferof‘
present m the lungs i the eatly phase 3
virus was detectable mn the lungs TR
concentrations of mierferon are difficalt 1€
lish and 1t 1s posstbe that the local concentrst
the alveoles ¢¢ 1n the close environment ©
macrophages was higher than shown VY 9%
In w1 suro studies 5 x 104 umits pir
required to depress significantly the phaee®
(24) and 1t 1s iImprobable that cancentrafons®
magnitude were present mn the atseoles V¢
therefore that the demonstrated effect of 104
on the phagocytic acti ity of the aholar M
ges 1s of mmor 1fany 1mportance far the 117
susceptibility of visus nfected antmals to 5!
bactenal infection The reduction n the phatt
acuvity of macrophages can probably be expl
by other mechamism(s) eg by a direct efle
virus on the cells

.
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BRIEF REPORT

TITIS VIRUS
\{ PHOSPHONOFORMATE INHIBITS WOODCHLCh HEPA
TRISODIN ASSOCIATED DNA POLYMERASE

Er k Mordenfelt! and Basbara W erner

Laboratory Insutute

(nsttote of Medical Macrobiology Unmversuy of Lund Luod Sweden and “Sate

Aass Dept of Public Health and the Dept of Medicine Tufis University School of Medicine Boston
Ma Ush

Nordenfel, E & Werner B Trisodium phosphonoformate mhubits woodchuck hepautis virus
associaied DNVA polymerase Acta path microbiob scand Sect B 8% 183-184 1980

Recently a new virus has been described which infects woodchucks armara monax This vuus
named woodchuck hepatins virus (WHY) 1s closely related to human hepatus virus {HB\V) The
winons bhave the same principal antigeni© system wmohving surface and core determenants and a
serological relauonship has been found WHY has also a DNA polymerase associated with the core Tt
s previously been Teponed thar tnsodium phosphonoformate IPFAY but not phosphonoacen. acid
(PAA) 1nhibits DNA polymerase assocsated with HBV This investigation shows the same wype of

mhib ion pattern by PFA and PAA on WHY DNA polymerase

key words Hepautts B DNA polymerase imhibitor phosphonoformuc acid (PFAY  woodchuck

hepatius virus

Enk Nordenfelt [ntitute of \edical Microbrology Solvegatan 23 S 223 62 Lund Sweden

ccepied as subm tted 21 1v 80
Recently a new virus has been described which infects
{oodehucks Marmiota monat (Summers er ol 1978)
MO ramed wood huck hepatits virus Y HV) 15
¥ elated 10 human hepattis B wirus (HBV)
BeEton @t exther varus results 1p the accumutation in
be blood of excess wrral coat protein m the form af 20—
S sphenicat and tubular particles (Bayer er al 1968
Yimmers e of 1978) and 40-50 nm diametes particles
‘::f;:rm V970 Summers eraf 1978) contaning DNA
o eral 1974 Summers et al 1978) and a DNA
ERSe Kaptan er b 1973 Summers et ol 1978)
. mA rologica) relationship has been found between
e mkgens of WS and WHV AW erner o1 al 1979)
mm:::ons have the same principal anugenic systems
b, % surface and core determinants The core
mlt'“ share major determinants but possess unique
VEETIC specifc ues as well The surface anugens of the
o .
by " b :
l.:a\ \:T;“m’m of a novel class of viruses Like
Chronic b '\ has been shown (0 be associated With both
aat 131 Palils and bepatoceflatar caranoma {Summers
) Therefore woodchucks are a possible model

for studying various aspects of the pithogenesrs of
hepautss B infectons
It has previously been reported that trisodium
e {PEA) but not ph acd
(PAA) inhibits DNA polymerase associated with HBY
Nordenfelt &1 al 1979) Further studies on the
mechansm of this inhibition have shown w10 be of 2
non-compeutive type and highly specific (Nordenfelt et
al 1980) We now report on the effect of PFA and PAA
on the DNA polymerase associated with W Hv
One ml samples of serum spectmens for DNA
polymerase assay were prepared as described previously
Wordenfelt & Kjelfen 1975) The sera were taken from
woodehutks ¥nown 10 be carriers of WHY  Eleciron
mIcroscopy oft one of the pellets used n the assay
showed a large number of WHV parucles Agsay

cond:uons were as described previousty {Kaplan et af
TN a4 e

' e e
accarding to the method of Nylen (1924} The inhubstors
were added to the seacuon muziures a1 4°C priof to

incubating for b a¢ 37°C Assays were carned out o
duplicate
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- THE OCCURRENCE OF THE TREHALOSE FERMENTING,
TETRACYCLINE AND POLYMYXIN RESISTANT
PHENOTYPE AMONG THE ENTEROBACTERIACEE

K SIBONI

Statens Seryminsttut Regional Laboratory Odense Umiversity Hospital DK 5000 Odense C Denmark

Sbom K The occurrence of the trehalose fermenung tetracychne and polymyusn momzm phenotype
among the Enterobacteriacece Acta path mucrobiol scand Sect B 88 135-188 198

1o Proteus morganu P muratelis and Providencia stuarti the abilay to ferment trehalose ang r‘:lsl?n;t
1o tetracychine wers assocated 1 90%-97% of the strans The same was true of at least 78% of the
strains of Serratia marcescens Proteus vulgaris showed a more quanttauve association of the two
trais As the characters accur mdependently 1 3~10% of the strains the association Is considered to
be due to simultaneous selecuon 1n some natural miche The trehalose fermenting tetracychine and

polymyxin resistant species ferment few other Carbohydrates fewer than the remainder of the Serrana

species

Key words Proteus Prow

ncia Serrata P
fermentation

resistance resistance  trehalose

K Sibom Statens Seruminstututs Regionalafdelmg Odense University Hosprat § B Winslawsvey 191

DX 5000 Odense C Denmark

Rt 20179 Accepteq 4180

L PIEVIOUS paper (Sibons 1976) was devoted to

the descripuon of the corretation of trebalose fer-

» Tenabon {tr ) and resistance to tetracychne (T-R)

¥ Prateus morgan 1o was concluded that P mtor-

89 could be devided 1o two mamura RIOUPS

QOSSN of 1r-, T-8 strams, and B of tr+, T-R

S 35 the combinations tr-T-R and tr+,T-S
W rane

Th:rp':mm study has concentrated on a descrip-

* tnomy rf‘wclummz of the tr> T-R -ph:nom);

. T

MATERIALS AND METHODS

The strains were collected from patients specimens 1
the period 1975-78 Media and senstuvity testing were
as described by Sibonz (1976) For the diffusion method
was used the medium described by Casals & Pedersen
1978} Fermentation media were read 1~7 days after
moculation and the strains were identfied according 1o
Edwards & Ewing (1972} and 1o Grimont & al {1977)
The reactions used for idennficatton of swarming strains
of Proteus murabihis and Proteus vulgars were produc
ton of indol ~/ + presence of ormithine decarbovylase
+ /= fermentation of lactose ~/~ maltose —/ +, and
trehalose + ffate and hiquefaction of pelatin + f +

Tr- muans of tr+ P morgann were 1solated as
described earlier {Sibont 1976)

The correlation between results from testing sensiy
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The DNA polymerase acuvity in the presence of
nhibitor as determined by the incorporation of 32P-TTP

polymerase y 15 not ihibited by 500 pM {Erlsn
personal communicauon) No wnhibitson of batenal e

nto acid p 1 y Was comp to the
incorporation without inhibitor  As shown 1n Table 1.
PFA inhtbuts WHYV associated DNA polymerase actvity
to approximately 80% ata concentration of 500 u\M and
about 60% at 100 pM This 1s a clear mhibitory effect
but less than the effect on the HBV polymerase which 1s
nhibtted to 90% by 10 yM PAA has less effect The
results 1n these experniments vary with a difference
between 0 to 50% inhibitory effect however, the mean
of about 26 % 15 1n complete accordance with the effect
on the HBV-assoctated DNA polymerase

The nhibitory effect of PFA on HBV and WHV
associated DNA polymerases appears to be very specific
For instance a 50% antubion of cellular DNA
synthests has been seen only at a of 2000

ycopl growth by PFA has been obsenvedat I
pM (unpubl obs) Furthermore the inhibton by 2F4
but not by PAA discrimnates these polymerasss | *
several other polymerases tested (Helgstrand etal 1§
Reno et al 1978) Tt has therefore been suegestel &

PF: ) 1 a mal Aannfun
test

al

polymerase

Additionally 1t 1s known that PFA b is b3
simplex DNA polymerase i viire and has a ther
activity 1n amimals infected with herpes virus et
al 1978) If the HBV and WHYV DNA polymenset:
necessary for viral replication 1t s possible Bt
them PFA could have 2 therapeute ek

uM PFA (Srenberg & Larsson 1978} and cellular DNA

Studies have been initiated to test this hypohes

TABLE 1 Inhibinion of WHY DNA Polymerase Actnity by PFA and PAA 1 Serumpreparation from 4 Wonddhs

Incorporation 1n cpm 0P
Anmimal tn the absence 500 pM PFA 100 uM PFA 10 p PFA ¥ o
of PFA or PAA wmhtb P ge inib P inhib  percents
1 234 47 26
1920 79 56 0
2 42526 88 73 40
3 20344 89 5
1
4 10281 7 28 1
B
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= THE OCCURRENCE OF THE TREHALOSE FERMENTING,
ot TETRACYCLINE AND POLYMYXIN RESISTANT
PHENOTYPE AMONG THE ENTEROBACTERIACEEL

s

K SIBONI

£ Sutens Seruminstitut, Reg onal Laboratory Odense University Hospital Dk 5000 Odense C Denmark

Stom K ‘The occurrence of the trehalose fermenung tetracychne and polymyn resistant pheaotype
among the Enterobacteniacece Acta path microbiol scand Sect B 88 185-188 1980

o Proteus morgann P murab his and Providencia stuart 1 the ability to ferment trehalose and resisiance
1o teracycline were associated 1 90%-97% of the strams The same was true of at least 78% of the
strains of Servata marcescens Profeus vulgars showed a more quanttatne associauon of the the
*  ttats As the characters occur independently sn 3-10% of the strams the associaton 1s considered to
# be due to simultaneous selection 1n some natural miche The trehatose fermenting tetracycline and
=" polymyxn resistant species ferment few other carbohydrates fewer than the remainder of the Serratia
Species

Key words Proteus Providencia Serrgta polymynn resistance tetracychne resistance trehalose
fermentation

K. Sbom Statens Serumunsututs Regionalafdeling Odense University Hospital J B W inslowsvey 197
DK $000 Odense C Denmark

1 Rece ved 0x719 Accepted 411 30

e TTETEUS paper (S bam 1976) was devoted to

mﬂ:‘“mun of the correlation of trehatose fer
o 100 {ir +) asid resustance 10 tetracycline {T R)
¥ Yoteus morgamu It was concluded that P mor

5\"” %uld be devided 1nto two matural groups

MATERIALS AND METHODS

The strains were collected from patients specimens In
the period 1975~78 Media and sensiuvity fesung were
as described by Sibont (1976) For the diffusion method
was used the medium described by Casals & Pedersen

OWISg of tr~ TS steauns and Bof > TR
. & the combinations tr TR and tr* TS
e rare

m“:r‘”&m Study has concentrated on a descrip

" enen the occusrence of the tr+ TR phenotype

i ymi Enterobactenacere nafurally resstant to
. ’:‘“ vamely other Proteus spectes Providen

™ Serrana Tt will de discussed how tr* T R
Aer from vswe_ T.S and t- T R species

(1978} Fermentation media were read 17 days after
inoculation and the strains were idenufied 2ccording to
Fhueds 4 F 17 1 ¢ e '
S s ] Iaue

P ey vaoas
Lot ol tadol ~7 +  presence of ormuthine decarboxytase
+ /= fermentauon of lactose —/— maltose ~/ + and
trehalose + /late and hiquefacton of getatin + £ +

Tr- mutants of tr+ P morgan s were 1olated as
described earlier {Siboni 1976)

The correlatian between results from testing seasit
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Fig I Sensiuvity to tetracycline of selected strains of P morgamiand P vufgaris 1C50 15 correfated to the dizmt
the inhibition zone The same 1nhibition zone corresponds 1o a lower 1C50 with P vulganis the duffer

average of | 31 log2{(2 48 umes)

vity to tetracychne of strams of P morgani and P
vulgars by the diffusion method and by the tube dilution
method 1s shown in Fig 1

0 40 mm
DIAMETER OF INHIBITION ZONE

ence

TABLE 2 Strains of Proteus murabilisDis?!
According to Fermentation of Trehalose and Senst

The strains of Serrana and their y to
(etracycline have been described elsewhere (Sibon: 1930)

RESULTS

P morganu To the strams collected 1n 1975 (Sibom
1976) have been added 131 strains from 1976 The
distribution (Table 1) 1s still incompatible with a

TABLE 1 Strains of Proteus morganu Distributed
According to Fermentation of Trehalose and Sensuwvity to
Terooychine

Trehalose Trehalose

fermenter  non fermenter Totals
-
Tetracychne
resistant 18 21 39
Tetracycline
sensluze 2 182 184
ens®® ___

20 203 223

Totals

ToZ

Tetracychine
Trehalose Trehalose 1,
fermenter  non fermenter
Tetracychine
resistant 249 5 A
Tetracycline
sensttive Pl 0

—— e ——
Totals 251 s ‘

random distribution according to the %0 @
tr*/tr and TR/ITS (P < 10 19) Fisher |
and the association tr+ T Rortr T Sexistif!
090 of the strams

Table | shows that tr * T § stramns do ex5!
these stramns tr T S mutants could be isolated

Eight of the 39 TR stramns were resist!
chloramphentcol

P mrabiis The distnbution 1n Table
compatible with a random distribution acoordi
the two criteria (P Y le



LE 3 Strains of Proteus vulgans Dustributed According to Fermentation of Trehalose and Sensitivity to
Tetracychine

Numbers of days il fermentaton of trehalose

;Se‘::?r :hmcr::c) 1 2 3 4 5 6 7 Totals
< Y4mm 6 1 1 - e - - 9
15 22mm [ 2 2 - 1 1 - n
23 M m 2 1 3 1 1 - - 8
2 2Bmm ~ 5 ¥ 5 z t i 3
Totals 14 3 113 6 4 k4 1 74
ntlaton coeflicient.c 05308 e, = 0100 1 =53 P<000}
fmentaton of trehalose was assocuted with DISCUSSION

isance 10 tetracychine 1 3¢ = 097 of the
uns

P vilgans There was not the qualitative

e between the tr * /tr-and T R/T S strams
St with P morgann and P murabihy Al the
$sians fermented trehalose sooner of fater but
£ queker the fermentation the more resistant to
teycline were the Strams The figures b Table 3
¥¢2 correlavon coefficient £ of ( 53 between the
imber of days bll fermentation of trehalose and
£ dumeter of the sntubrtaon 20ne with

Four spectes P morganu P murabilis Providencia
sruarii 908 S marcescens showed assocuation of
fermentation of trehalose and reststance to tetracyc-
Line 1 (78) 90~97% of the stramns The few strains
Which were 47+ TS of tr- T K show that the two
characters are not dependent on one another This is
also shown by the fact that tr~ mutants could be
selected from tr* swrains of P morgan: without
changing the resistance to tetracycline (Siboni
19763

P rettgens All 17 strams weretragd TR sothe
Y0 characters were not associated
Prowdencia stuorm AD srans were tr> 22

"': g;ll 50 the two characters were assoctated n

QI7 Ofthe stoauns were resistant to chd

The of the two 1 there
fore considered to be caused by simultaneous
selection 10 a niche where the strajns may ferment
trehadose if they are rissiant 10 tetracychne eg a
miche inhabited by Strepromyces species which are
able (o synthesge trehalose (Efben 1967) and

Sernat a marcescens All 36 stramns were tr ¢ 51

‘e TR 30 the characters were a: Medan § =

produce and chi This

oauld explamn why so many strarns of Providencia

stuartis and of the TR P morganu are resistant to
b As chi

M Eveq of the 33 muluresistant strans with
R factors (Sibom: 1980) are excluded the
’hmenarei&smnmm'ﬁ= [
fb:lqucﬁmzm The 24 strans were tr + and T §
oy 9 characters were not assocrated The same
ey 1; ofS plymowuttca (s kshensts) 6 strams
P § mennorubra (s rubideea) 10 stramns
oy, LS of the mune Species were resistant to
Y0yun B )0 vg/ml wuh the exeeption of 4
s P morgami 3 strans of P rurabitis 5
“;IS Phmouthves and 7 strams of §
a

nbibns te
racycline inacuvating enzymes (Hofemerster 1970)
chioramphentcol ressstance m a stramn would add to
VIS FeSIStance 1o tetracychne 1 the presence of both
tetracycline and chlorampbenicol

This hypothesis 15 supported by the large tr- T-S
and chloramphencol senstve group of P morganu
(Stbortt s group A 1976) and by the ranty of the
w* TS and tr TR strams of this species When
one of the characters has been tost selection 18
against the other one P vulgars alse demonstrated
the correfation of trehalose fermentation 10 resis
ok 10 tetracychine (Table 3) bin uanuuvely as



with the species mentioned above, the correlation
was not absolute the correlation coefficient was
low,r = 053, but definutely = Ole, = 001, ¢ =
53,f=72,P <0001

The correlation tr+/T-R was not found in §
hquefaciens S phmouthica and S mannorubra
The explanation may be that these species are not so
restricted in their carbohydrate sources as are P
morgan: P ulgans P murabiis  Providencia
stuartu and Serrana marcescens While the former
spectes ferment five or six dihexoses and monopen-
toses, the latier ferment less than four

The grouping of S marcescens with regard to the
traits discussed tr+, T-R and polymyxn resistant,
with Providencia stuarte P nurabilis P vulgans
and the tr+ group of P morganu (Stbori s group B
1976) 1s not so surpnising  Its DNA 1s only slightly
related to that of Proteus (Brenner et al 1978) but
its overall similarity to Profeus 1s at the 75% level
Uohnson et al 1975) 1e at the same lnvel as 10 S
liquefaciens and to S phmoutinca and higher than
the similarity to § marinorubra 70% (Grumont et
al 1977) The spectes mentioned have not been
compared in one single mvestigation

The mche hypothesis formulated above and to
some extent substantiated does not cover the tr— T-R
Proteus rettger: Examination of sewage and soil has
not so far disclosed the niche swmted for the trehalose
fermenting, tetracycline and polymyxin resistant
species
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SENSITIVITY OF SERRATIA TO TETRACYCLINE

K SIBONI

Sutens Serumymsutut, Regtonal

Laboratory Odense University Hospital DK 5000 Odense C Denmark

Sbon K. Sensivrty of Serratia to tetracychne Acta path microbiol scand Sect B 88 189-192

1980

t the latier group consisted of strains resistant o

an

S marcescens had 10 levels of resistance 10 tetracycline ‘baclendosuuc end points 32 and 180 ug/msl

© S phymouth:

Iquefaciens and § marnorubra Were sensitive 1o etracyciine with the last named as the least sensiuve
species Less difference was found between the bacteriadal end potnts of the four species but there was
 sull §~2 two fold steps between S marcescens and the remaiming three species

¢ Key sords Serrana tetracychive senswivity

K. Sibom Statens Serumunsututs Regionatafdetng Odense Umiversity Hospral J B Winslawsvey 19°

DK 5000 Odense C Denrnark

.
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 Different. twvestigators have found 7686 per
I of strains of Serratia marcescens resistant (o
Yracycline (1 dlfert et al 1970 85% had MIC >
S welml Greenup & Blavevic 1971 76% had
HC > 25 pgfml Grivtont ef al 1977 84% had
C> 25 ygfml 98% had MIC > § pgfmi)
federos & 0 Brien (1969) found two levels of
Ssance to terracychine MIC - 500 pg/mb and
YC~31-62 ye/ml the strams m the former
TOUp were also resistant 1o sulphonamide strepto
Y9N 3nd crloramphenicol and they were highly
sant to ampicthn MIC 2 250 va/mi these
UG trats were translerable to £ colt £
orrar & O Dul{ (1976) examined a few stragns and
m‘ed that the muluresistant strams with high
N?g\“m eSIStance were resistant to carbemiciltin
s > 300 pg/ml) whie the oltgoresistant
‘H:S llow ampicdlin and tetracycline registance
Grknsxuve to carbeniallin (MIC < 6 pg/mi)
Sermerrup & Bla evc (1971) found 15 of their 17
Suazc fquefactens stramns sensive to tetracyclne
[ mvs/ml all the strans were sensitve o
we “‘“m 1 chloramphenicol and vo carbemci
e m‘my o strains of Serrania marwtocubra
2% M‘S"aﬂ.l‘lo tetracychine § pg/m! sensitive to

177) The same

nvestigators found 20 stramns of Serraria ph mouth
wea senswuve to tetracycline § pg/mt

1t has been the purpose of the present investiga
tion to describe the occurrence of Serrafia 1
patients  specimens  the level of resistance 1o
tetracycline in the different species and the correla
uon of this Tesisiance 1o Olher Tesistance trans

MATERIALS AND METHODS

The strams of § marcescens and § fiquefactens were
wolated from 37 100 speomens veceved n 1976 and
9977 1 the Regional Lahoratory of Statens Serumnsu
tu at Odense University Hospual from hospuals and
Beneral practitioners n the county of Funen which has
500000 inhabitants The strams were isolated on
modified Conradi Drigalski agar and 1denufied 1n

“neen used

Only three strains of § marinorubea (S rubtdea)and
oneof S plvmouthica (S kil ensis) were wsolated 1n 1976
and 1977

1n the siudy were therefore ncluded S marimory
bra Four stains solated eashier and three suains
recewved from Dy Hans Lautrop Statens Seruminstut



Copenhagen S plymouthica Five strains received from
Dr Hans Lautrop Sensitivity tests Routine diffusion
tests were performed usitng Roscos tablets
(neosensitabs® Rosco DK 2630 Taastrup) on Danish
blood agar Statens Seruminstitut as described by Casals
& Pedersen (1978) Strains showing nhibitton zone

> 23 mm cor ding to MIC <5 pg/m!
tetracycline <20 pg/ml streptomyan <15 pg/ml
chloramphenicol <15 pg/ml sulphonamide and <10
pg/mi carbentcillin were regarded as sensitive Determ:
nation of 1C50 in two fold tube diluton tests and other
media  were as described by Sibom  (1976)
1C50x 2 =MIC

The resistance types of S marcescens determned
dilfusion tests are recorded in Table | At least four
strains of each of the resistance types carbenicillin
resistant/ esistant  car Iin sensitive/
tetracycline resistant and carbentcillin sensitive/tetra
cychne sensitive of S marcescens and of each of the
remaning three Serrana species were tested by the tube
dilution method (Table 2)

The hactericidal concentration was determined as the
lowest concentration which killed 99% of the bacterral
cells after 18 h of incubation of the broth dilution serses
This definition was feastble with the small inoculum
used average 104 4cfu (Barry & Sabath 1974)

Wilcoxon s non parametric test was used to compare
the end points of the different species and groups
(B rlcoxon 1945)

RESULTS

S marcescens (56 strains) Table | shows that
strains resistant to carbentciilin were also resistant
to tetracycline and to streptomycin and some of
them to chloramphenicol while these resistance

es
TABLE 1 Strams of Serratia marcescens Distributed According to Carbenicillin Resistance and (0 Ouher R

traits were rarer among the strams sswe
carbenicillin, none of the latter strams was ressti
to chloramphenicol The bacteriostatic end pont
with tetracycline were higher in the group ress
to carberucillin than n the carbencdlin sensts
group (2a <0 01) (Table 2) The bactenadl ex
potrits of the two groups differed less 905-1
pg/ml (2a <0 02)

Five stramns of the carbenicillin sensitive o
were sensttive to tetracyclne in routie d ffusc
tests Tube dilution tests with these strams g
1C50 < 225= 57 pg/ml(Table D)

S hquefaciens (24 strams) and S plymouha
strans) All stramns were sensitive to tetracychne
diffuston tests and ten and four strains respectrel
10 tube dilution tests (bactenostatic end pous)
plymouthica was even more sensiive (han
hquefaciens (Table 2)

S marimorubra (10 strans) was sersitsé
tetracycline 1n diffuston tests but the tube Gilet

ot
test gave a borderline value 1C50 = 2“/’(']9;
pg/ml 1n agreement with Grimont ef &l \I7:
(Table 2) st 1

The bactericadal end pounts of the
species were the same (Table 2)

DISCUSSION

Bacteriostatic end points S marcescens hﬂ‘:’:
levels of resistance to tetracycltne 1050 32 ‘“m
pg/ml The high level resistance Wasb:m
exclusively found i strains resistant to carben

(Table 2) Table I shows that this group consit

sk

Types (Diffusion Method)

Carbenscsllin sensitive

Resistance Carbemallin resistant Totals
type observed  expected observed  expected

SUTSC 7 070 - 125 i
SuTS 13 4385 8 875 %
TS = 5 932 ;

SuT - 1 697
T - 1445 1” 649 7

o - 5 32
2000 56

Totals 20 36 3599

d ptomy and

t to
Su T S and C resistan
0O sensttive to the named antimicrobials

ted values have bee
haibeavie yrred independently

expected 1f the HE 000, S x 51/56 x 33/56 X 7/56 =

(Example p(SuTSC) =

190

n calculated from products of the frequenciee nf the sinole resistance (a5

0035)
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multiresistant strains in much higher numbers than
could be expected 1f the resistance traits oocurred
independently (P <<10-%) (Table 1 column expec
ted) This agrees with the findings of Medeiros &
O Brien (1968) Farrar & O Dell (1976) and
Sogaard (1979) for £ colt The carbenicillin

Eraing W H Davis Barv R & Fife My (52
Biochemical charactertzation of Serrat a { quelaom
and Serrana rubidea US Department of Had
Education and Welfare Public Health Seni
Center for Disease Control Laboratory Diset
Atlanta Georgia 30333 1972

Farrar W E Jr & ODJl hocl M flactamases 1

sensitive group was d d by strains

only to tetracycline and mainly of low level
reststance (Table 2)

The two levels of resistance to tetracycline are
1mplicit 1n the results of Greenup & Blazevic(1971)

The remaimng three species were sensitive to
tetracychine with S marmmorubra as the most
resistant but they were more sensitive than the low
level tetracycline resistant group of S marcescens
{2a <001) Bactericidal end ponts The difference
between the species was less than with the
bacteriostatic end pomnts amounung at most to
fourfold The end points of the carbentcillin sens:
tive group of S marcescens were lower than those
of the carbenicilhin resistant group (2a <0 02) and
the end points of the three remaining spectes were
lower than those of § marcescens as a whole a
<001)
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ANTIBIOTIC SENSITIVITY OF HAEMOFPHILUS
INFLUENZAE STRAINS INCLUDING THREE RECENT
CHLORAMPHENICOL-RESISTANT ISOLATES
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Zacknsson, G & Brorson 1 E Antibiotic sensiavity of Haemophilus influenzae stramms including three
recent chloramphencol resistant 1solates Acta path mucrobiol sand Sect. B 88 193198 1980

The anubiotic Sénsttavity of 100 recent isolates of Haemophius influen-ae Was determined Three
strans were resistant to chloramphemcol with mumimal inhibitory concentrauons of 16 rg/ml Of these
tiree resisiant strams  ome produced betalactamase and one was resisiant to sulfamethoxazole
trmethopnm The remaiing strains were miubited by 0 25-2 0 pg/ml of chloramphenicol Ampicallin
ad benzylpemiciin were found to intubit all but the betalactamase producing stratns at low

egarding 96% had mimmal wlubuory toaceatrauons
of 25012 pg/ml or less while two siains were resistant The inviwro efficacy of erythromyain
agusst B influenzge was low The majoriy of the swramns was 1ahibited by low concentrations of
doxyeycline and cefuronme while cefontin extubited mintmal yphubitory copcentrations values usually
oty { pgfm) The mummal snhibitory concemirations registered ate compared 1o the concentra

tons of the different antibiotics attamable in certamn body fluids

Key %ords Haemophulus influenzae antbiouc sensiuity chloramphentcol resistance

G Zacknsson Insutute of Medical Microbiology Guldhedsgatan 10 S-413 46 Goteborg Sweden

Lm‘"’d 4180 Accepted 18 1t 80

There are some previous regorts on chloramphe
ool resistant strasns of H nfluen-ae with minmal
hibitory concentrations (MICs) varying from 8 to
Dyglmite 7 1014 20 24 25 29 32 39 Tn
s Ty We have recently ssolated three
SIS of B influenzae resistant to chloramphenicol
:rm“‘ It best of our knowledge we are not aware

Previous Scandinavian eports on chloramphent
M'Z‘;“r‘“ H influenzae strains

3<2s prompted us o test the suscepuibiity

o Wmt et solesof H uluenzae o the
most frequent!,

Wluen g mrum:qu ly used when treaung H

MATERIALS AND METHODS

2

‘:‘I:"v.‘:l $trains The 100 strains of H influenzge tesied

o lor;zm Situcal ssplates Three straus onginated
cduresS Seam conjuncuval secrstions 3

FN T

(rom muddle ear exudates 1 from maxtlarly sinus
from wound and 87 from patients with upper
respiratory tract diseases Only one stramn from each
patent was tested The strains were tdentified by culture
charactenistics and growth dependence of X and V.
factors The orgamsms were stored at —26 °C for three
months to 1 week in nutnient broth contaiming horse
serum and glucose

Med a The anubiouc Suscepubily tests were perfor
med as broth microdilution tests desenibed by Kirven &
Thornsberry (21) Mueller Hunton broth pH 7 0 (Oxoud
CM 405) was supplemented with 02% Hemun (H896
Bovin/Equin Sigma) and 05% mcounamudeademne
diucleonde (Sigma D 7331 (M Hbroth) The MIC
2000 dispenser (Dynatech Laboratones Alexandria Va
USAJ was used for dispensing 100 ! amounts of broth
contaimng antbiotics into the wells of mucrodilution
plates The plates were stored at ~26 °C for a maximum
penod of 3 weeks prior to use The anubionc
concentrations of the solutions dispensed were checked
both by conventonal microbiologscal assays (1) and by
observing the MICs of bacterial strams with kaown
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susceptibility £ coli ATCC 25922, Staphylococcus
aureua ATCC 25923 and Streptococcus faecalis ATCC
29212 The chloramphenicol MICs of the reststant
strains were performed 1n tubes contumng | ml of
broth

Antibiones All anubioties were of known potency and
were used 1n twofold dilutions

Determinanon of Mimmum inhibitory Concentration
(MIC} and Minimum Bactericidal Concentration (MBC)
The strains were cultured in supplemented M H broth
for 24 hours and were diluted to contan about 5 107
CFU/ml The plates were lated with
the Dynatech MIC 2000 inoculator and each well
received approximately 104 CFU The mucrodilution
plates were incubated for 18 hours at 36 °C 1n §% CO)-
atmosphere The MICs were read as the lowest
concentration of drugs that gave no visible growth For
MBC determinations the Dynatech 1noculator was used
for transferring 1noculum from each well to chocolate
agar platess The MBCs were read after 24 hours
ncubation at 36 °C in 5% CO; atmosphere as the
lowest concentration giving no growth

Beta-l fest Beta
detected by the chromogenic cephalosporin (30)

Enzyme production Inactivation of chloramphenicol
by the chloramphentcol resistant strains was demonstra
ted by the techmique of Slack et al (36) A chocolate agar
plate was seeded with 2 chloramphentcol sensiuve £ <ol
Colontes from the chloramphernicol reststant # nfluen-
zae strains were apphied to filterpaper discs, one disc for
each strain A chloramphencol sensitive ' influenzae
strain used as control was apphied to the surface of two
other filterpaper discs After about five minutes a 30 pg
chloramphenicol dtsc was placed on the top of each dis¢
except on one of the discs containing the sensitive H
influenzae strain The plate was read after incubation for
18 hours at 37 °C

was

RESULTS

The results of the susceptibility tests are presented
m Fig 1 A-H and Table |

MBC - ~ of 100 strams o
expressed a5 latne
tages of strains inhibited with increasing drug conoean
tion (A) erythromycin, (B) ampallin (C) domyeyere
{D) chioramphenicol (EXefuronme (F) eefoxma G

A tn {H) benzy tpemicill

Fig 1 MIC ~— and

Erythrompcin The MICs of 38% of the strun
exceeded 5 pg/ml The remamng strans wer
inhibited by concentranons from 1 25105 0pfr
with median MIC 4 37 pg/ml MBCws >3y
m! for 68% and 2 5~5 0 yg/ml for the remamn
strams

Ampicithin: Two strams were betalactamise pr
ducing with MICs more than § pe/ml B
majority of the strains had MICs between 031w
062 pg/ml with median MIC of 034 win
MBCs were wdentical to the MICs for all exoept
strains that had MBCs one twofold oonoentralt
higher

Doxycychne The MICs of 35% of the strai
were less than 0 31 pg/ml while 63 had MICS fro
062to 2 5 pg/m! Two strains were resistant ¥
MICs 5 0 and 100 pg/m! Almost all stramns |
MBCs a dilution higher than their MICs

Chloramphermcol  All strains except the
resistant isolates were inhibited by 0 25-2018/8
mean 053 pg/ml, MBCs for the 97 sensitr
strams were 0 5—4 0 pg/mi, mesn 11 gl

Figure 2 demonstrates a zone of bt
around the disc soaked with the sensive st bl
not around the filterpaper discs contanus b
resistant strams MICs of the chloramphen
resistant strains are presented 1 Table 1 Thelt
wsolate (No 1) was a & influenzae type b dem

from the nasopharyngeal secretion of a 7y&/ ©
boy, earlier treated with pemcillin for repeat
episodes of otiis media

TABLE ! Anubiwotic S of the Ch icol Resistant Strains
MIC pg/ml MBC pg/m!
Strain -
1 2 3 1 2
50 >50 50 >50 >50 >50
cin
i’é‘;ﬂiﬁﬁ’l‘ <015 >50 031 <015 >50 o3l
Dorycycline 125 125 25 125 125 2‘5)
Chloramphenscol 160 160 ! g 0 460 230 2(1;5
<025 05 s <025 05
g:g;?;:\m 10 20 20 20 20 533
5 25 800 800 400
Sulfamethoxazole/ >/(2) A o >540 s “o >0
g:-:zn;;::;rclﬂnllm <025 >80 05 <025 >80 05
- + - - + -
Betalactamase P by
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of cht h

Fig 2 D

while the majority were mactivated by 0 5 pg/mlc ~
less The MBCs were mostly identical to the MIC

DISCUSSION

The recent observations that certamn strais of |
influenzae have acqured resistance pot only
Ilin but also to hentool 15 of
concern when treating serious anfections caused!
H influenzae
In the present study three strains with decress
S ity to chl h 1 were registert
These strains were found to nactvate chloramg?
nicol probably as a result of enzymatic acuvty
accordance with other studies on chloramphen
resistant # influenzae strams (22, 25) van Kt
ren et al have demonstrated that the chloramphe
col rt of H mfl 15 plasmid meda!

In the middle Control sensitive strain (no

col disk applied) To the right Chloramphenicol-
sensiuve strain The remaiung disks The three chlo-
ramphenicol 1nactivating strains

The second chloramphenicol-resistant stramn (No
2) was 1solated from the epipharyngeal culture of a
1-year old girl with recurrent otitis med:a, treated in
the past with pemcilin This stramn produced
betalactamase and was nontypable

The third chloramphenicol-reststant stramn (No 3)
was nontypable and was isolated from a chronic
neck fistula of a 18-year old woman The strain was
also resistant to sulfamethoxazole trimethoprim
Two months earlier exudate from the fistula had
grown a H influenzae strain sensitive to both SXT
and chloramphenicol

The three chloramphenicol-resistant strains had
moderately reduced sensitivity to doxycycline

Cefuroxime The majority of the strans had
MICs of 05 pg/ml or less while 3% were less
sensiive with MICs of 2040 pg/ml The
betalactamase producing strams had both MICs and
MBCs of 0 5 pg/ml for cefuroxime

Cefoxatin Fig 1 F demonstrated that three of the
strams were tnhibited by less than 0 25 pg/ml One
strain had MIC higher than 80 pg/ml The
remamder had MICs from 05 to 80 pg/ml
rmedian value 1 93 yg/mi The MBCs were mostly
identical to the MICs 13[ few had MBCs a dilution

er than their Mics
Stegu};}ik,:,ezhoxazole-Trtmelhap”m The MICs of
96% of the strans were 2 5/0 12 uz/gl};r les;
while 2 strams had MICs exceeding 80 0 pg

and probably transferred by conjugation )

The results registered in this study apart from!
chloramphenicol-resistant strains are well lE ?f
dance with p reports on the susoep )
H influenzae to chloramphenicol (12, 14 4
In the present study 98% of the strains had lf
MICs when tested agatst SXT Thi i 1n s
contrast to the figures presented by May & Do
Who demonstrated 55% reststance to SXT enipk
ng a disk diffuston method (26) A recent ¢
demonstrates a correlation between H wfluen
strams with high MBCs to SXT and K
eradication of strans with this sbilty from
nasopharynx of children (21, 42) In the pres
study a constderable portion of the stramsg
shown to have a high MBC despte a low M

1t has recently been demonstrated that yentney
concentration of chloramphenicol after doses &
me/kilo bodyweight every 6 hour m newd
children may be unpredictable and so Jow 2
Jeopardize treatment of H wnfluenzae Suams ¥
MICs of 4-8 pg/ml (43) This 15 a most ik
explanation for treatment farlures reported
children However, the doses used 1n children 2
1 month old and adults ought to result In sufficr
cerebrospinal concentrations for chloramphent
sensitive stramns (38)

Regarding ampreiltm  all strams i the pres
study with the esception of the betalactam?
producing stramns were inhibited by 0 62 $8%
These findings are well in accordance with earl
reports (4, 14, 19) Companson between !
concentrations measured 1n cerebrospmnal fluid 2
ndrcate that fevels 1 tht

ml Despite low MICs several strains d
B e Four strasns had MICs of 10~

zylpemtciiiin
4 OE ixng}v nfl and two were betalactamase-producing
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are well above the MICs of

ear
body fluids
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betalactamase-producing strains of H
16, 31 ) Quffimiant 1 -



1ned 10 S1uS mucosa when treaung Sinusils

|
enetration of both sulfamethoxazole and tnme
yrm to cerebrospinal flwd and other body fluid 1s
4.{1 13,34 37) Thus a combination of these
gs could be an alternative n treatng H
uen.qe-meningitis and other serious wnfectsons
sed by this organusm  Chinical experience regar
3 treatment of meningitis 15 hmited but the
abmation has been used with success m certamn
= (34) The findng that 2% of the strains had
Cs 1 excess of levels obtained 10 CFS 15 of some
cern.
The sensiuvaty to cefurotime and cefoxitin was 1n
wment with earlier findings (5 27) Therearea
¥ reports on cefuroxime treatment of memngius
} 33) Renlund & Pettay demonstrated concentra
tsof cefuronme 1n cerebrospinal fluid from 2 3-
Y pe/ e 10 patients with 1nflamed mentnges (33)
gop lavale mrall o= acd & Vever  F .
turoxime (28)
About one third of the strans had MICs
weding § yg/ml when tested aganst erythromy
2. There are conflictng reports on the efficiency of
Jwomyown aganst H o influenzae  Kinen &
Yomsberry (21) and Kalm et at (18) found the

4oy of the H influen.ae strains to be inhibited
Tduelml Dnova v 4 -

Auened by ) § pg/ml or less Self reported that the
“jority of typable and nontypable H nfluen-ae
{525 Were inhibited by 3 12 pg/ml while the type
n?nu;s we1e more sensive to erythromyain (35)
h:& hfferences might be explained by the fact that
x Rammy of erythromycn 15 affected by changes
m!;“hnhzr he pH-dependence of erythromycin
mmnuuauon of concentrations 1n body fluds
" suce the pH 1n certain purulent nflama

M hmc(mm devates from pormal as demonstra
l{e arenfelt & Lundberg (8) Bass et al found
gy Concentrations of erythromycin suctinate 1n
“mnrm fluid were 0071 02 pg/ml which i
e g 6o)ur obServations seem to be unsatisfactory
i Furtber w treatment of otius media
‘*erdt); H influenzae Howie & Ploussard
v, ,:.;mem faiture when only erythromyain
p ) Kalm et al demonstrated concentra
resgg ['rfﬂhmmmn stearate 1n sinus secretion
R ﬂos:m 031525 pg/ml when the orally
. e:zs 500 mg 3 times a day while the

\ /nﬂtnlraum:s 1N SINUS Sectetion were
:gdml when 500 mg twice a day was
The chmical results were better with

Seasuy
02y

the higher dose but the gastromtesunal effects were
more common {18)

The results regarding doxycychne are welt 1n
accordance wath earlier reports (4, 21) The majority
of the strains tested had MICs below the concentra
tions of doxycychine demonstrated 1n sinus secre-
pons and in different tssves including lungs and
pleura (3 23)

Benzylpenucillin was hughly active i vitro against
H nfluenzae strams Our resulis differ shghtly
from those reported by Kamme (19) and Barrert et
al (4) using agar ddution method The efficacy i
vivo In certain cases of pneumomia ¢aused by K
influenzae was demonstrated by Asmar et al
treaung children with benzylpemucithin {2)

It 15 becoming increasingly obvious that the
treatment of severe H influenzae infections has to
be guwided by proper sensiuvity tesung as the
sensiivity pattern of some strains 1s unpredictable

~
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1 path mucrobiol scand Sect B 88 199-205 1980

CHANGES IN VIRULENCE, M PROTEIN AND
1gG Fc RECEPTOR ACTIVITY IN A TYPE 12 GROUP
A STREPTOCOCCAL STRAIN DURING MOUSE PASSAGES

2 NILLA
LARISSA A BUROVA! POUL CHRISTENSEN? R GRUBB! ANDERS JONSSON? GUN!
SAMUELSSON? CLAES SCHALEN? aad MAJ LIS SVENSSON?

1Department of Mirobsal Geneues Insutute of Experimental Medicine Leningrad USSR and
Depariment of Medical Microbiology Unsverssty of Lund Sweden

Swova, L. A Chrstensen, P Grubb R. Jonsson A Samuelsson, G Schalen, € & Svensson, M L
hanges 1 virwlence M protein and IgG Fc receptor actvity mn a type 12 group A streptococeal strain
dunng mouse passages Acta path mucrobiol scand Sect. B 88 199-205 1980

Atype 12 group A surain (1800) was passaged senally through muce 25 umes The ability to survive 1n
rormal humen blood dropped from & growth wnder of 52 after the first passage to 1 after four
pasages After 14 passages the growth index increased agam and stabilzed above 30 The virulence for
e increased from a LDyoo of 108 colony forming umts (CFU) to 10~100 CFU afier 7 passages and
then remamed constant. The M2 anugen disappeared after 4 passages as tested by immunodiffusion
dectro mmunoassay and indirect bactencidal tests Three antisera rased in rabbits sgamst strains
onginally belonging to types M3 MI2 and M46 but devod of type anugens afier mouse passages
showed hugh bactericydal 1nd ces agamnst the 1800 stran after 14 or more passages on mice ADU type
M4 serum was also found bacteriandal Tor the passaged strains The 18G Fc receptor acuvity of the
Strain ssolated after each mouse passage was tested 1n hemagglutnaton expeniments with human red
blood s coated with mncompletes anta Rh and hot hydrochione atd extracts of the sirains The
@pacty 1o agglutmate sRupleye-coated cells mncreased gradually duning the first 12 passages and
Subsequently the ures of the extracts stabilized berween | 160 and 1320 The HUN coat useful for
detection of the Gdm (5) marker gave titres increasing with the aumber of passages while the utres for

1G1 coats kept 21 | 4 or below On background of these results the possible role of the 1eG Fe-
| Texplot as a virulence factor 13 o

Key words Sireptococes M. prowsin bactencidal et buman 15O Fe anu human Tg Gm markers
Poul Chrsstensen Department of Medical

23 5223 62 Lund Sweden

101079 Accepres 2080

o ¢ laboratory methods recommended for the

e pon o the viraeace of group A strepto-
o “h‘e’d:blelum\nauon of mouse virulence and
tin b, ity of the stran to grow 1 normal
0d (13 14 17 25) The byaluromc acid

portance (12 20) Tt 15 a widespread
ml #strain which grows in normal human
Svirt s contains M proten

also when extracts of the strain fail to precipiate
wiith type-spenific anusera. Nevertheless only type
specific antibodies are generally assumed to pro-
mote phagocytoss m human blood 1t 1s 2 matter of
discussion whether group A streptococeal strains
Tught be entirely devord of M protein or substances
closely resembling the M protein (9 10) Hence the
term wabsence of M protein « refers 1o the funchonal
absence of M protery as defined by the tests for
wirulence referred to above
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In addition to the M protein and the streptococecal
capsule some other, hitherto unknown structures
might be important for streptococcal virulence (1)
Recently, 1t was found (5) that many group A
streptococcl have receptors for the Fc fragment of
1gG the solubilized receptors display a variation in
affinity between streptococcal types, eg with
respect to reactivity for the human IgG1 and 1gG3
subclasses (3) It remains to be investigated whether
these receptors which are distinct from the M
protein (4) could interfere with antibody-medsated
phagocytosis

One of the usual procedures for reestablishing the
M protein production of a stramn s to pass the
bactenia serally through muice and simply follow the
presumed acquisition of M antigen by testing these
passaged stramns for growth 1n normal human blood
{13) The present investigation concerns the changes
observed 1n a type 12 group A streptococcal strain
during serial mouse passages In contrast to the
concepts about M protem and virulence referred to
above 1t was found that the type 2 antigen was lost
during the passages although the virulence for mice
and the ability to grow 1n human blood increased
Duning the passages the bactersal content of
receptors for the Fcpart of human IgG also
mcreased

MATERIALS AND METHODS

Bacterial Strawns and Extracts

Group A streptococct type 12 (strain 1800 from the
collection at the Institute of Hygtene and Epidemiology
Prague) were used throughout the study Hot hydrochlo
ric acid extracts were prepared from over might cultures
of the streptococc: on 300 ml Todd Hewitt broth as
previously described (3)

Mouse Passages of the M12 Strain

This method has been described previously (2) In
brief 05 ml of over might culture of streptococct was
injected mtraperitoneally 1n white mice of 10-12 g After
each mouse had died from septicemia 2 suspension of
the spleen was 1njected mtraperitoneally 1n a new mouse
etc After each mouse passage the strain was solated
and designated accordmg to the number of mouse
passages performed before isolatton eg the stram
isolated after 15 passages was called M12/15

The expenments described n this paper were
confirmed 1n two repeated series of mouse passages with

strain 1800

rococcal Strains for Motse Virulence

ce were inoculated intraperitoneally
4 dilutons 11071 to 110 & of an
{ the test stram Five mice were
nsion and the amimals were
hich the number of deaths

Test of Strep

Whte adult mt
with 0 5 ml of tenfol
over might culture @
injected with each suspe
observed for 3 days after w!

200

was registered The number of colony forming 3¢
{CFU) killing all mice was calcutated (LD}

Rabbit Sera

Two rabbit antrsera to type 12 group A strept
stratn 1800 were prepared one 1n Lepingrad
other 1n Lund (Lu} Furthermore antiserum to type
stratn 40/58 was prepared m Leningrad These
were used unabsorbed Rabbit M typing sers sgar
type | and type 12 group A streptacoct from &
Insuitute of Hygiene and Epidemtology Prague {Pr)ve
also used as was anti type 12 M typing serum knd
supplied by Dr £/ Kholy Carro (Ca}

Antisera to three strains originally types 3 12808l
but devosd of type specificity after hundreds of mou
passages (2) were also raised m rabbits These sera ve
designated ant 3P anti 2P and ant 46P respecue!
The 1mmunization schedule fof the production of the
and other antisera used followed the description g veal
Rotta et al 21)

The T typing sera were purchased from Chemap
Prague

Bactericidal Tests

These tests were performed essentially 25
Lancefield (13) and Sramek (25) In bref 2 mes¥
quantity of streptococet {the 1noculum) was mied ¥
freshly drawn human blood alone or i the prﬂ«m;
added serum and sncubated for 3 hours in folab® “‘I
The growth index (25) indicating the degree of mocl:v
propagatton 1n normal human blood was @l
from the formula

described

no of CFU obtaned with normal seru®
fo o L e
no of CFU mn inoculum
The bactericidal 1ndex (BD) ndicates the d“ll[":‘
moculum growth inhibitton 1 the presenoemvmn
streptococcal serum as compared to controls Wi o
serum (24) This mdex was calculated from the [0

no of CFU obtained with normal sersm

no of CFU obtatned with antiserum

The scale used for expressing Bl values was Bl bdf""
0 $1-100 + 101-200 ++ 201-500 ++
above 500 ++++ (24)

dssa¥

barbutal buffer pH 8 6 contatning 2 mM calerum -
was mixed with 08 ml ant type 12 serum Lu¢
poured over a 205 x 110 mm glass plate Circular ¥
taking 5 I extract were cut 80 mm from the Proi<
anode After application of the extract a current of §
cm was applicated for 16 h The plate was stamed ¥
Coc~ LY



or Smreprococeal IgG Fe Receptors
se tests were performed essentally as desenbed
usty (3) Inbrief Rh posiive red blood cells were
with mocompletes anu R antibodies from
s mgmiduals The tapacaty of different d\luuauf of
e tee b i wdmoae et
- . “
. .

axlass Aot Rh KM and 317 are useful for
100 of the human IgG1 genetic markers Glm{l)
5lmi), respecuvely The ants Rh HUN detects the
marker GImf$)

e Immunodiffusion In gel
d preqpitation test were performed as carhier
rbed (23}

niation of Proteit
e protesn content of the extracts was guanttated by
odified Folin metbod (16}

RESULTS

anges 1 the Virulence of the Streptococeal Strain
inng Mouse Passages

Toe growth mdex (which wndicates the ability of a
woeootal strain 10 survive 10 buman blood
tnng (wbes) dropped from 52 after the first
Sige 1o one after four passages The strains
12/5 to M12/13 also showed very low growth
GsiFig 1) Afiae 14 me + ae 10 -
fn ine

sty v .
iz e Lavle 1)
Aler each passage the wsofated stratns were alse
for mouse virulence The results obtained
vl wereasing wirwlence during the first four
Fsgts the LD10q drogped from 104 to 103 CFU
I, the following three passages the virulence
w'-\r\btr weteased After the 7th passage the
e stabilized and remagned constant showing
tbetween 10 and 100 CFU

lex

growth nd:

-]
o

rowth
s index

@
-3

8 8§
log CFU

lence
wirvlence

20

10}

%
At
1

+

bactenadal inde:

.

ol2M

10

15 20 25

No possages
Fig 1 Changes 1 wirufence for mice and behavious 1
bactericidal tests of a type 12 group A streptococcal
strain duning senal passages through mice Abscissa no
of passages performed Ordinate the virulence for cuice
given as the number of colony forsung unus (CFUY
Yiling Al AT S mre macedw b o e - 7

1 5

wndex which indicates the capacity of a serum to kill the
streptococer 1n the presence of normal human biood was
calculated according to Stollerman er al (24} a3P
indrcates the results with a rabbit antuserym to stram 3P
and 2t 2M the fesults with a rabbit anuserum to type M.
12 (the Le serum)

Tap,
B ey Representauve Bacrertcidal Tests with Some Selected Strams Obtatned afier Mouse Passages of Strain 1800

[

¢

Bactenicidal test with strans

' MIZIU M2 MU M4 M8 MIDS
1\
et 105 93 9 s 8 106
: k’_::ldﬂmdu 52 $3 a w H a
P i >s488 1248 137 ) 0 1
O — ° 1 t 8 >33 518




Frgure 2 shows the results of electrommuncs
say quantitation of the M protem content i ¢
hydrochloric acid extracts of the passaged strap
; The height of the »rockets 1ncreased dunng

first three passages However the M pro
i precipitate disappeared and did not recur afiert
? fourth passage {

The protein content n the hydrochlonc &
extracts of the passaged strains varied from 1810}
mg/m] There was no correlation betwest u
LR N “ -~ A protem content of the extracts and the

passages performed
F,°r T2 845 6 -7 8 T typing (11) of the passaged strains M12/1-

g 2 Ele with hot 1c acid formed and all these stra
extracts of strain 1800 before and after passages through 7 9 10 and 25 was performed an
mice Twenty ml agarose was mixed with 0 8 mi of the  Were found to belong to T type 12 Theothersi
anti type 12 serum Lu and poured over a glass plate  Were spontaneously agglutnaung and Tty
Extracts were placed in the circular wells and after  could therefore not be performed
application of the current for 16 hours and washing the The loss of M12 protemn was also confirmed
plate was stamned with Coomassie Blue »or« indicates  the indurect bactericidal test usimng the ants type
the preciprtate obtained with strain 1800 and | 2 3etc  gera Le and Pr The bactericidal mdex (#h
the results of tesung strains M12/1 M12/2 M12/3 etc indicates the ability of an immune serun (o l
The extracts of strains M12/10-M12/25 not shown on streptococcal strain 1n the presence of fresh blo
the picture did not give any precipitates (24)) was estimated as ++ ++ after tho

and ++ after three Because of the low g%
index 1t was not possible to determiné t
bactericrdal effect of the ant type 12 sera onsi@
Loss of Type Specificity During the Mouse Passages  M12/4 to M12/13 The stramns M12/14 oM/

The Ca Le and Lu antrtype 12 sera were gave bactericidal indices with ant type 12 80
compared by immunodiffusion in experiments with  estimated as one (Fig 1)
the hydrochloric acid extracts of the strams tsolated Recently a surtable donor for bactcncldalw‘
after each of the 25 passages All three sera gavea  with stramn M12/6 (growth index 53) was fow
strong precipitate against each of the extracts of (Havlicek personal communication) The Sm;
MI12/1 MI2/2 MI2/3 as well as the original inhibited neiher by antt M12 nor by ant
strain When the precipitates were compared with  serum
one another Ouchterlony type [ reactions P
(nterference with complete fusion) were obtamed  Test of the Passaged Strains for Streptococcal l
between all ines This precipitate was not obtained  Fe Receptors
with any of the extracts from the strains M12/4 to The extracts of the passaged strams were test
MI12/25 for capacity to agglutinate Ru sensitized humad?

i

|
TABLE 2 Agglutinat on of O Rh+ Red cells Coated with Human IgG Anti Rh by Lancefeld Extracts of ¢
Group A Streptococel Subjected to Mouse Passage

Tutre of the extract of type 12 group A
Genetic marker streptococc: after mouse passage 0O
detected by the coat

Human IgG coat

[ 6 7 1 13 23 B
0
. 110 180 120 1160 1160 1320 132
by (1(1155))' Glm(1) 14 0 14 14 14 14
o Gim(@) 12 o o o o 0
A o Gam(s) 10 110 110 (20 120 140 !

+ Indicates the dilution of the antt Rh at coating
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TABLE 3 Summary of the Results of Bactericidal Tess ond Virulence Tests

Growth

e 138 Bactericida) 1ndet usig

s Virulence for ant MI2 o3P 12
e nder® proean serum and 46Psera
ur-3y ow/ustermediate high Present one
He-13 high 210 absent nd® ndd
Huas high high ahseat one ugh

b same blood donor used throughout the study
i dane because of low growtls tader

s The tres dud not exceed 1 10 in the extracts of
¢ ongmal Strain, W1273, MI2/2 and MI2J3
* Ures of the extracts of M12/5 9 vaned
ween ) 20and } 30 From M12/11 1o M12/2§
Rllres ocssased and stabalized betw cen | 160 and
My
The bemagglutinatng capacty of nne of the
% w30 W2l 1 expesiments with red cells
% with KM, 317 or HUN wincompletes antr.
3 The HUN coar wseful for detection of the
* . ~

¥

Koyt Effect of Annsera agamst Sians

1,
oot Possazed in Mice and of Antiserum 1o

LR
.
wewills Uliginally belonging to 3, M
B M4 bt gevend of type afmgmstypi‘rr mou]si
S The eflect of aayy 39 1m ndrect bactercs-
ey mhm;n 0 iz §and i Table 1 symidar
W s:r:'(:md With 20U-12P, anti-46P and
Mgy 15 SRra had 1o effect 1n 1he tesy
A oy 1 TOWEVEr, 2 bigh bactertonda tndex
7 ound for the sumas M2 14-25

DISCUSSION

%S the results of some of the
(At these magor phiases

TS MIZ(1=3, MU2/4-13 and
- e massages Clagr.

A by
145,

cut differences were observed between strams
MI2/I-3 a5 compared to grans M12/14-25,
mchuding duappearance of M2 antigen, concomt
1201 IMCTASE 1N MOuUse Virulende and suscepubility
1 bacterscidad fest wsing auteet agacnst begerale-
EOUS tYpes.

The disappearance of MIZ antigen after the
fourh passage was observed in the preciptason
studres and also 10 the mdirect bactericidal test using
ant-type M12 sera The mousg virofence mcreased
afier four passages and remayted high duning the
foliowing passages in comrast o the nCreasing
rntce v faunn thaakio e Lwes 4y .
although each Straun was Ltsted With blood from the
sam¢ human donor Discrepancies berween viru-
lepee for mice and behaviour i bactericidal tests as
fond for strains M12/4~13 pave also been noted
i some Rroup A streptococes by Todd (26) and
Lancefield (13)

C 7. 31 Jeast three may be
given for the changes in the characterssues of stram
1800 during mousa passages

1) The straun 130D mught be 3 muzturs of two M-
types, e 8 M12 ana M1, since a0 M1 serum was
bactenicada) for strains M12/14-25 Hence, the MU
strain mught have been selected because of 1ts wgber
mouse virulence This would a1s0 be consistent with
the finding that M1 has hgh 1gG Fe receptor
activity (6) However, (his hypothesss ymphes also
1 the M3 and M46 strams were contamunated
with type M1 since antisera satsed aganst these
strains after mouse passages were bacieniidal for
strains M12/12-25 Ths objection 35 valid also for
suspested woontamunation of the type 12 stramn
with any other M type Studies 1nvolving clones
$rom simgte cells of stram 1800 are m Progress In
order 10 further exclude the possibiity of contami-
napon

2)The changes 1 stram (800 could be caused by

any



a shift 1n Mtype Maxted & Valkenburg (18)
described an epidemic 1 which type 12 group A
streptococer showed »antigenic dnfi« towards type
22 However »antigenic dnft« occurring during the

context 1t 1s of interest that Perkins & Haha (it £
found the phagocytosts of group A streptococat
human blood to be enhanced by antibody *
derived from rabbit immunoglobulins by peps
d d with und d antibod

mouse passages would imply that the M of
three types M3 M2 and M46 had changed to one
and the same type antigen during the passages 1¢
type 1, since antt M1, 3P, 12P and 46P were all
bacteriaidal for strams M12/14~25

3) Mouse passages of some group A streptococct
of defined M type might occasionally lead to
selection of variants which lack M antigen but have
a hitherto unknown virulence factor 1 common
Wittner (27) using strains which had been serially
passed through mice found that purified M proteins

as
Sauo (22) digested rabbit streptococcal anu!
anubody with papain the digested Univalent ant
body retamed the indirect bactericdal acmty .
vitro and was as effective as mtact antt M antibod
Thus the Fe fragment of IgG does not contributt!
the phagocytosts of group A streptococc tn conts
to the phagocytosis of other bactersa (19)
In conclusion loss of onginal M amng
concomitant with increasing virulence for mo
has been demonstrated 1n a type 12 growp

had the capacity to absorb opsonic from a
variety of heterologous antisera prepared against
whole cells or purified M proteins This absorption
also separated passive mouse protecting antibodies
and passive hemagglutinating antibodies from opso

nic antibodies The author interpreted these obser

vations as caused by shared determinants among M
proteins of different serotypes However Fischetti
(7) (who did not use mouse passaged strains) found
only hmited structural relatedness among three
purified M proteins exammed and found no
evidence of an anti phagocytic activity caused by a
peptide sequence common to M proteins  Fleck (8)
found ant1 type 6 and anti type | serum to protect
mice agamnst infection with type 18 streptococet

suggesting »an antibody other than M which could
protect mice and enhance phagocytosis«

Several reports have indicated the existence of
other virulence factors than the hyaluronic acid
capsule and M protein Becker et al (1) found that
mouse passaged strains were rich in M protein and
hyaluronic acid and concomstantly virulent for
mice However group A streptococct which had
been selected after tncubation with human blood

- L . - &

discrepancy with respect to mouse virulence Becker

et al (1) suggested the existence of as yet

umdentified streptococcal virulence factors in addi

uion to M protemn and capsule ‘We have found that

the M12/25 stram retained the virulence for mice
e la e w1 f

.
N

.
.
m.bzny pathogenic sigmificance of the streptococcal
tors for human 1gG Fe fragment has not so far
Hay hown However increase 1n reactrvaty for IgG
e as stant with increase m

ncom
Fc fragment was ¢!
mouse virulence 1 strains passed on mice In this
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yocal strain during mouse Passages A%
sera agamnst type M1 and three other hetero
types subjected to mouse passages wer fou
bacterscidal for the strains obtained from pass
of the ongmal type 12 stram The nature of t
structure responsible for virulence of the passit
stram 1s not known However the possible rdx\
the streptococeal IgG Fe receptor should be cons¢
red

We would Itke to thank Dr It Havlitek anut.,
performing some tests and for helpful comments
suggestions
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a shit 1 Mtype Maxted & Valkenburg (18)
described an epidemic 1n which type 12 group A
streptococer showed »antigeruc dnft« towards type
22 However, »antigenic drift« occurring durng the

context, it i1s of mnterest that Perkins & Habni
found the phagocytoss of group A streptoo
human blood 1o be enhanced by antibody ™
denived from rabbit immunoglobuling by
d d with und anti

mouse passages would rmply that the M of
three types, M3, M12 and M46 had changed to one
and the same type antigen during the passages 1¢
type 1, since anti-M1, 3P, 12P and 46P were all
bactericidal for strains M12/14-25

3) Mouse passages of some 8roup A streptococc
of defined M type mught occastonally lead to
selection of vaniants which Jack M-antigen but have
a hitherto unknown virulence factor 1n common
Wutner (27) using stramns which had been serally
passed through mice found that purified M proteins

as
Saito (22) digested rabbit streptococral am
anubody with papan, the digested unvalent :
body retained the indwect bactencidal zcuvt
1itro and was as effectrs as intact ant M aotb
Thus the Fe-fragment of IgG does not contribu
the phagocytosis of group A streptococa
to the phagocytosss of other bactena (19)

In conclusion, loss of orgnal M
concomtant with increasing virulence for m
has been demonstrated m a type 12 gro¥
I stramn during mouse passages /

had the capacity to absorb opsonic antibody from a
variety of heterologous antisera prepared agamst
whole cells or purified M proteins This absorption
also separated passive mouse protecting antibodies
and passive hemagglutinating antibodies from 0pso~
e antibodies The author interpreted these obser-
Vations as caused by shared determinants among M
proteins of different serotypes However, Fischetnt
(7) (who dd not use mouse passaged strains) found
only limited structural relatedness among three
punfied M proteins examined and found no
evidence of an anti phagocytic activity caused by a
pepude sequence common to M proteins Fleck (8)
found ant1 type 6 and ant: type | serum to protect
mice agamnst nfection with type 18 streptococct
suggesting »an antibody other than M, which could
protect mice and enhance phagocytosis«

Several reports have indicated the existence of
other virulence factors than the hyaluronic acid
capsule and M protein Becker et al (1) found that
mouse passaged strains were rich in M protern and

1 acid and ly virulent for
mice However group A streptococtt which had
been selected after incubation with human blood
were not virulent for mice although their content of
M protetn and hyaluronc acid was as high as found
1n mouse passaged strans On background of the
discrepancy with respect to mouse virulence Becker
et al (1) suggested the existence of as yet
umdentified streptococeal virulence factors, 1 addi
tion to M protemn and capsule We have found that
the M12/25 stran retaned the virulence for mice
also after and dunng wyection 1n the test antmals of
hyalurondase thereby removing the capsule of the
streptococer (Burova & Ryc, unpublished observa

tion) .

Any path g ce of the <
p

1gG Fe fragment has not so far
receptors for Buel 8 1ncrease 1n reactvity for [sG

er,
peen shown However,
Fc fragment was concomutant with increase in

mouse virulence 1n strains passed on mice In this

204

sera against type M and three other heterold
types subjected to mouse passages were f
bactericrdal for the strains obtaned from pss
of the ongmal type 12 stran The nawre o
structure responsible for virulence of the p3$
stram 1s not known However, the possrblem‘
the streptococcal IgG Fe receptor should be &%
red

We would Iike to thank Dr Jih Havhitek Pr:ﬁ‘:
performing some tests and for helpful comm
suggestions
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SEROLOGY OF CAMPYLOBACTER FETUS SS JEJUNI
("RELATED« CAMPYLOBACTERS)

D of Strain-specific and I related Anugens by Immunoelectro-
phoresis and Co-agglunination

TIMO U XOSUNEN DAN DANIELSSON! and JAN KIELLANDER!

Deparument of Bacteriology and Immunology Untversity of Helsinks Helsink: Fiafand and ‘Depart
ment of Bactenology and Immunology Central County Hospual Orebro Sweden

5med, T U Damelsson, D & Kyellander J Serology of Campylobacter fetus ss jeyunt (»Related ¢
dpylobacters) Demonstration of strain spectfic and interstran related antigens by rmmunotlectro-
Horesis and ©0 agglutinagon. Acta path mucrobio) scand Sect B 88 207-218 1980

b hnsera agamst two straias of Campylobacter fetus 55 fetus (seotype A) tWo strains of C ferus
:lﬂln!nafu Gerotypes A and B respectvely) and eight staws of C fetus ss jegum were used 1n
. . e [

. an - - - . . -

N 4

::'“‘5 unbeated bailed or autoclaved m R LIE

fowg bogy
heoy

The aaugenuc properues of ¢ fetus ss fetut ana L
8 intest natig were disunctly different from those of the thermophilic € ferus ss jeuni strains as
by COA and LRIE Serotypes A and B of the two former species were also differentiated

2 gL € Jetus 55 sy organisms gave the strongest reactions with bomologous attibedies

thareg.
vt

WIS cross reactions were seen By absorpuon swain specific COA reagents were
msmrzl feactions of identty indicating €ross reacuve antsgens were also seen with L RIE
o WMS Jeruri group These results generally agreed With those obtaned by COA With the use

gy bolled ot autoclaved argausms o somcates heat fabile sntigens were diferentiated from

Compy ot Ofts with the use of COA sad RLIE The apparent anugenc heterogeneity of
Sl IS the smporance of therr serologial groupiog e for clmeal snd
A
01 8k st COA and can be effectively applied
:,”m‘ Compylotacter anugens Campylobacter serology
Y Yoruoes Depary
FO0 teisay, 29 m::a and University of Helsik: Haartmannkatu 3

o 10:gy
]
! e Proven
s,

Accepted 20 1 80
ongmally classified as Vibrios
to be a heterogenous groug of
€ fou g ;&eum according 1o Smbert (11)
1€ ey 78 (ortgmally called Pibrao fetus)
mm“ rtesinals both of whch are
i g ou0US Infertlty and abortion 1n
Sty 2 Jetus s jgune associated
P by o 2400 c€Tlaim anumals (4) The
otmer species are the

Jetuy

gental and intestinal tracts of cattle and sheep (12)
and of C ferus ss jeuni the wntestinal tract of
various ammals ncluding birds (4) The thermo-
philic properues of this latter species are an
1mportant marker to differentiate them Irom other
pathogeme Campylobacters

The discovery that C fetus S jeunt (»elatede
Cambylobacters) 1s a common cause of enternius 10
man {4 10) has greatly increased the intetest 1n s
genus and a peed for improved classification has
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become evident Serological classifications, which
have greatly aided the understanding of the epide-
miology, ecology and pathogenesis of infections
with or as Sal llae, Shigellae Escheri-
chia colt and Netsseria meningindis have been tried
by some authors Based on autoclaving resistant
antigens Berg ef al (2) divided the Campylobacters
1nto three main groups by tube agglutination Shde
aggl of ltve or and !

fixation tests of C fetus ss fetus strans have also
been used (3) Strain specific and common antigens
as well as non reactive stratns were observed Thus,
these studies, and those of the immune response of
infected humans (4) have demonstrated complexity
and heterogeneity

Co

fulfilled the morphological eritena la:d down by Smb
an

Preparation of Antigens

The Campylobacter strains were grown on b
blood agar plates 1n an atmosphere of §% 0z W& ¢
and 85% Njfor 48 h The € fetusss ferusandC fe
ss intestinalis strains were ncubated at +35°C,
others at +43 °C

Antigens for immunization The orgamsms
harvested 10 stenile saline containng 0 5% form
adjusted to a concentration of approumately 4-5 X
organtsms mi-! according 1o the M Farland scale Et
parts of this suspension and complete Freund s v
were mted and used for immumizzLons

Anuigens for absorptions and ¢o agglutmanon {
tests The s were harvested s 015 M

1 ton (COA) and -opho
rests techniques were recently applied for grouping

(PBS) centrifuged down st 3000 x g for Wma,
adjusted to a 10% (w/v) concentraton Aler
&t + 56 °C for 30 min the whole bactera

and typing of Neisseria dis (6) and
Neisseria gontorrhoeae (8, 9) In the present study we
have used a similar approach for a serological
differentiation of Campylobacter stramns the main
emphasis being on strains from human enteritis
patients

MATERIALS AND METHODS

Campylobacter Strains

‘Twelve stramns were used in the study two C fefus ss
Setus two C fetus ss Intestinalis ("Montana« strains by
the courtesy of Dr Firchammer) and eight of C ferus ss
Jequni strains The designations sources and onigins of
the strains are listed 1n Table |

The »Montana« strains grew well at + 37 and 25 °C
butnotat +43°C All the other strains grew at +43 °C
and 37 °C but not at +25 °C All strains could be
cultured on the selective medium described by Skirrow

used for absorptions either as such (L) treated
formalin (F) as described (5) boiled 1aa water bsd
h (B} or autoclaved at +120 °C for 25 b Al
the were fuged at X .
g for 20 min and adjusted to a concentration of &
ml-I (wet weight) Formahn treated cells (F) wert
for absorptions only
For COA tests the 10% suspensions (L B ¥
were diluted further with PBS to a concentration ©
(wet weight) (COA tests with hve organmsms b
Iike those treated at + 56 °C This treatment falled
than 99% of the orgamsms and was made
precaution Such organisms were therefore considel
contamn both heat labule and heat stable anuger® !
Antigens for immunoelectrophoresis The N’%;
were harvested m PBS centnifuged down at 300
for 20 min suspended 1 PBS ata mnccnmuon«:
mg ml 1 (wet weight) and disrupted by sonicato

1ot
watt MSE apparatus was used The disrup!
at maumal efficency ¢

{10 m 5% 02 but not or
anaerobically They were oxidase and catalase positive
Gram negative bacteria  which under the microscope

Y
10 erght periodic wntervals of 20 s The somca:‘;:
used etther as such (for line rocket JE and rocke!

TABLE | Campylobacter Strains Used in the Present Stud)

Species and 1dentification No Serotype

Source of 1solation Obtarned from

C fetusss fetus 13823

C fetusss fetus 14840

C fetusss intesnnalis 13014
C fetusss intestinalis 14865
C fetusss fejuni VTP 67

C fetus ss jejunt mn

C fetusss junt 13

C fetusss Jegunt 105

C fetusss /e/um";::

C fetusss jeyuni

C felus ss jeunt ATCC 29428
C fetus ss Jgun ST8

Al

A subtype |
A2

B
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Bozeman Mon
Bozeman Mon
Bozeman Mon

Bovine fetus
Bovine cervicovaginal mucus

Ovine fetus

Bavine fetus Bozeman Mon
Pig Orebro Sweder
Human feces Helsinkt
Human feces Helsinkt
Human feces Helsink
Human feces Helsinkt
Human feces Helsinki
Human feces TCC
Human feces Malmo Swedet



't 1 hifor rocket line 1E) or autoclaved for 25 h
et hine 1E)

n.angn White adult rabbus were immumzed
B one of the §2 Campylobacter strams Tmunafly
re mjected subcutaneously with organisms puxed
mplets Freund s adyuvant, [ § mi and 10 ml in
od ang fore feg sespectvely A senes of four
20US 1gjections Was started 4 weeks later (025
tand 20 mf 34 days apart} The rabbus were
days after the last injection Both antisera and
e sera Were stored 1 small aliquots at ~40 °C
uwng mentuolate (1 10 000) was added to the
which was then stored at +4 °C
+p ons Ove volume of amtserom was fixed
nr volutmes of whole Campylobacter organusms
‘ormaliz treated bouled or autoclaved {see below
toelectrophoresis) at a concentration of 250 mg
et weighl) This mixture was wacubated at + 37
34 h after which the serum was recovered by
ugation tw ce at 3000 X g for 20 mua Absorbed
awere stored frozen at 40 °C and after thawing.
or prepanig COA reagents as described below
peranon of regents The production of protein A
‘lococcy and the preparanon of reagent stzpbylo
_ ®@ated  with  upabsorbed  or  absorbed
ampylobacter antbod es as well 25 control rea
folowed the procedure described before (6 7 9)
formance of CO4 tests Qne. drap of 2 1%
as100 (w /v) of reagest staphylococct was mised o
8 side with one drop of the 1% Campylobacter

U)u! were recorded s and postuve ones as |+
(umf\’ {moderate) and 3 + (strong and very strong

:; rocket immunoelectrophores s (L RIE) This was
":\n 35 Seseribed by Sandstrom & Dan elsson (8)
-

¥, b BASAbou TS cm and the reference antigen

B at the cathoq cend of the plate ¢ 10 cm? Each

with antgen of the

mc 025 £m32 They were eacit separated by a
oy nlx TeClRngular agarose gel without antigen
i !:mnla Wwe ¢ made in 4 mould made up of
}%v;‘“ Separated by 2 U shaped frame 45 x
mw‘-::mmo 3 ol agarose was carefully
hcuon oy ™ {45 mm wide) of the mould After
e gty I%ml antigen-contarung gel (005 ml
st mgml V and 0 25 ml agarose) was
Sty b‘cp 04 this procedure was repeated for
ool be tested I this way sonicatss of 20
2 $irans or mote could be layered on top of
Tvag ‘\mt:’ * 2t removed from the mould and &
g g €12 cut perpend cular (o the layers 1n

‘o8 of the gel One suchslice 2 x 8 x

> ™~

100 mas was lifted 1nto place ©n Ic LUV X Ul moy
glass plate and placed 2 mm from the ine antigen gl 10
x 100 mm Thus had been previously made by pouning a
murture of 2 T agarose 2nd 03 ml somcated
Campylobacter cells agamnst a brass stopper 12 mm [rom
the cathodic end of the glass plate Contact gels ¢ 2 and
7 mim wide were poured after which the rest of the glasy
plate 75 x 100 mm was covered with 2 mixre of 13
m} agarase and 0 § ml Camypylobacter anuserum

Rockat I ne immunoelectrophoresis (R LIE) This was
carned out essentsally as described by Axelsen et al (1)
using the micyo modification with 5 X 5 em glass plates
Agarose and barbital buffer were the same as for L RIE
Anugen wells antigen contauning mtermediate gel and
reference anu.Campyiobacter antibody gel were arranged
as shown in Fig 3 The 2reas covered by gel measured
approximately 75 5 and 125 cm? respecuvely
thickness 1 5 mm The antgen wells were filled with [0
pl of one of the sonicated antigens Vanous concentra
tons of the antigens Were tested and 100 mg ml ! (refer
red to the wet weight of the organsms) gave opumal
results The tntermediate gel contamed 20 plfem? of
antigen preparations as indicated

Elecrophoresis The barbitzl bufler 1n the electropho
resis vessels joruc strength O 1 pH 86 was changed
after each run and the electrophoresis apparatus was
cooled with tap water duning the test runs Electrophore
sis was run for 16 b with a gradientof 1 5V em | The
plates were then préssed between filter papers washed in
safine and water pressed agamns and stamed with
Coomagste blue {1}

RESULTS

Co agglutination

Reagent staphylococe: coated with unabsorbed
antbodies from dividual immune sera against the
Campylobacter strains were tested agamnst homolo-
gous and heterologous cells L B or A (See
Matenals and Methods ) The results of these tests
are given 1n Tables 2 & 3

The strongest COA reactions were always seen
with homologous organisms Three of the € ferus
8 fetws and s mtestimalis stramms (serotype A
according to Berg et al (2) Table 1) were very
sumularly reacting They differed markedly from €
Sotus 55 awsestonslis 14865 Lseratype B acoacdiag o
Berg et al (2)) These four strams (with lower
temperature optmum) were distnctly different
from the thermophilic C fefus ss jepum strains and
between the groups only a few weak cross reactions.
were observed

Among the thermophulic strams a close antigenc
elavonshyp was noted between ATCC 29428 and
ST 8 Mmor cross reactions were obtamed with
some of the reagents and the heat stable and/or heat
labile antigens of other heterologous strams for
example between ant1 441 and strans VTP 67 372
341 ATCC 29428 and ST 8
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_Anfisera agamst the thermophulic stramns were
« tor absorptons with heated and non heated
agtns The effectrveness of these absorptions was
24 by homologous ODA tests Absorpuors with
‘melogous non heated anbigens completaly remov

il ractvty  Homologous absorptions with
lved asvgens removed reactvity Aganst
Hoclaved antigens and 1 some cases also aganst
Ad{Tatle 3 eg anti 441 absorbed with 431 A)
1t way the reactivity of heat labile antigens
i be differentiated from heat stable ones For
ot strams absorptions with autoclaved homolo-
s organsms left reactivity agast bomng
ant antigens (e . ants 105 absorbed with 105
o Tible 3) Results after absarption with boiled
angens ndicated that heat labide antigens were not
Sponsible

Ltabsorbed antibodies 2gawnst strawns VTP 67
71 113 and 341 had very few cross reactions and
b sumple heterologous absorptions strain specific
iodes were obtamed  Stmilar heterologous
Asorpuons of antsera agamst strains 105 441 and
VICC 29428 whuh sbowed broader cross
vty made 1t possible to make specafic Teagents
50 25105t these strams

tmmungelectrophoresis

ol 25 described by Sandstrom & Danlelsson
iy 35 used 10 study the antigemc relationship
%1 the vanous Campylobacter strans The
}[!‘:ﬂgemm of these tests 15 shown 1o Figs | & 2
bomologous antigen antibody system consist

1 of the anibody pel at the anode and the hine
mﬂl &el at the cathode with 2 small rectangular
Fm:iiﬂuzenmnmmng agarose perpendicular
T ftmn= 2nuigen gel will under these circumsian
o borzontal precipstin ines fusing with the
“‘mvmnmn lines formed where the rectangular
o Wrmmmg 2gar block. 15 sitvated Compan
aatigens from heterologous strains can be

F
“;";;;nﬁmn immunelectrophoresss w th the
heteod '¥ comb ration of € fetus ss jgyuni 113
i DTx:\u Campy tobacrer apugens n the mter
oo mr;l ¢ antigens of the homologous stramn
Tty of e . Complete bonzontal lipes fusing with
H g hcwomoloxmu AnUgEns i the mtermediate
Yy Tockets ay well as an sacomplete
mﬂ;mp un line (nearest the mtarmediate el
ol fockes were also formed by some of
‘”m!::mcfmm Jeuniand one of the C fetux
Jrasins H‘Uﬂ’l Tlh; Sumzms 1n the ntermeduate gel were
AT rnggy 105 2 ©F 10 oot repoced furter) 3

$ 8 6 ST 1tnot
{5 reported
Wiy 284, 10 113 tomotogoun
w2 aad 14 14365

anty 13014

1301 SOMICATE
-~

Fig { Schemauc drawing of a line rocket immunoclec

rophoresss with the antigen antibody combination of €
fetus ss intest nal s 13014 with heterologous Campylo

bacter anugens 1n the 1termediate ge) The homologous
anugens have formed horuontal preagn ines fusing
‘with the rockets formed by the homologous intermediate
antigen and westh rockets of the € ferus ss fetus and C
fetus ss intestinahis group The thermophilic C ferus s
Jouns stans bad no anUgens reactve with s
antiserym

b v

13 SONICATE
AMM‘ .

— -

M
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wsms of Campylobacter strains

105 441 34 ATCC 29428 ST8
B oA L B A L B A L B A L B A
+ + +
+
b A+ + s o +
* +
o + + + +
H o
LY + . + .
+
+
+ o+ .
b
+ 4
* boad A+ A H o+
++ + +
.
* e o+ s
* o +
o v
+
Al + s e

Eﬁ'“’"‘mﬁxx 1 &2 and the results of at

The gapred 1n Table |
n Iugm“ combnavons for the €
Rong s M4 C fetus ss. intestinglis strans
165 g Tt CIOSS reactions. Strams 13014 and
Mo omey ::nr” nugens not shared by the other
U513 agunst these four strams formed

~

RO precipiin lines with antigens from the thermo-
philic C ferus ss Jefuni stramns

Antisera against the thermophilic strains VTP 67
and 341 gave only one strong precipitin hine fusing
into the homologous rocket Line In these rups a few
€ross reactions (CR) were seen with other strams
studied but no rocket Lines showing reaction of
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TABLE 3 C R

( Organisms Treated with Heat ot 56°C 1L,

of Th
Bolled (B) or Autoclaved (4) Reagent Staphylococei

philic Campy
1 were Sensinzed with Unablorbed or Absorbed Antbods s

Indicated in the Table Reactions Graded as Described in Materials and Methods

Ant: Campylobacter

Co agglutination reactions obtaused *

antibodies used
for coating reagent

Absorbing
strain

VTP 67

mn 113

staphylococer

VTP 67 None
VTP 67-B
VTP 67-A
372-A
372 None ++
3128

ST8L

None +
113-B
10s.L

13

++

H++ HHE

4+t

108 None +
105-B

105-A +
44]1-A
VTP 67-F»

+

None
441 B
441-A
341-A

441

None
341.B
341 A

341

None ++
ATCC B

ATCC B, 441-L

VTP 67 L

VTP 67-L, ST 8-F

VTP 67 L, 441-F

ATCC 29428

++ +

None

ST8
ST8B

++ +4 +

2) F = formalin treated organisms
b) Empty space means negative react:on

ns from these strains in

ding antiges
done by including elly with the homolo-

ectangular agar blocks parall
gous antigen-containmng agar block CrOSS-r:cumng
fusing wil e
ens will form a rocket
;zt:;ontal precipitn line and rocket line olx; u:le
homologous system These cross—rwcuné ;(x; g:w
antibody lmes are designated CX1,

212

depending on the number of such lines Anoth
type of cross-reactions can appear as a rocket It
not connected with a horizontal precipitin L8
probably due to too low a concentration of
antigen in the Line ge! Such reactions and cros
reactions are designated CR

A schematic drawing

, " . tographof l’yplf"'
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te ATCC 29428

1-120C SONICATE

pjejeoJelo

ah ATCC 29428 -
LATCC 20428 |

4 stable anygeng
Tuing hesteg o non
B miermegute agag

Bave precipin lines By
heated heterologous antigen
o 2l wecoukd dsoshow for
e l:z( heat labie and heat stable anugens of
gy ;‘:‘::“ reacive with 105 (Fig 3b)
Seatig 1§ ~ e and heat stable antigens were
pond 00t 1n VTP 67 These findings
'lllh the resuls of the COA reacttons
’“'-5‘-'\“!0:1:’;1, $ LIE with the ant 441-441
ey “’l 13 m the intermediate agar gel
e had at least two precipitaung heat
FEsh e Sommon with 372 ATCC 29428
Ty mﬂnt heat stable antigen not 1n
e gy .1:‘ strans. With simsfar R LIE
e Vigens Prove that 341 contaned heat
Fcuve with antt ATOC 29428

which 1s 1n agreement with COA findings and that
ST8 and ATCC 29428 shared heat stable antigens
(Fig 3¢) which was also found by COA test In
these R LIE tests we also found that ATCC 29428
and ST8 shared an antigen which moved m the
cathodic direction (Fig 3¢) These findings corre
spond with the general results of the COA reactions
‘There were however a few mrnor discrepancies

DISCUSSION

The thermophilic properties of C fetus ss feuns are
an smportant marker to differentiate them from
other Campylobactersa However very few markers
are available to divide the jeyum group further for
eg chnical epdemiological studies Berg ef af (2)
found by tube agglutination tests that this group
had an autoclaving resistant common antigen {des
ignated »C«) and one out of seven heat labue
antigens found 1n other Campylobacteria Butzler (3)
also used agglutimation for classification but due to
the tendency of these organisms to spontaneously
or direct meth

ods sometumes fatled to give dependable results

Qur data show that co-agglutination which is
generally not influenced by spontaneous agglutina
tion or aggregation (7) can be applied for serological
studies of Campylobactera By immunuzing rabbits
with formaln fixed bacteria we obtained antibodies
which sensitized Cowan 1 staphylococet to co
agglutinate live or heat mactivated (56 °C) boiled
and autoclaved orgamisms Prepared reagents dis
tinctly differentisted C fetus ss jejun: the thermo-
philic group from € fetus ss ferus and C fetus ss
wmtestinalis The COA tests also differentiated
subtype A from the subtype B strains of the fetus
wntestinalis group which 1s 1in agreement with the
agglutination results reported by Berg et af (2)

Several cross reactions were revealed within the
thermophilic group However heterologous absorp
tions of the antbodies demonstrated individual
@ifferences which tndicates heterogeneity within
this group The only pig isolate (VTP 67) was
entirely different from the other strains while two
stramns  ATCC 29428 and ST 8 were closely
related The COA method would thus be suitable
for assessing identity or nonidenuty 1e the
eprderuological significance of isolates from out
breaks and differences in the distribution of
serotypes from dufferent geographical areas

Line rocket smmunoelectrophorests tests gave
further support to the antigemic difference between
C fetusss fetus—C fetusss intestinals group and
C fetus ss_jeguni Ths techmque as described by
Sandstrom & Danselsson (9) allows comparison of
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Fig 3a—c Schematic drawings of rocket hine immuno
tests with antig: ntermedi
ate agar gel In 3a, the wells 1, 2 & 3 contamn sonicated
antigens heated at 56 °C boiled and autoclaved,
respectively, of stram 441, the wells 4, 5 & 6
correspondingly treated antigens of strain 105 Heat
labile antigens of strain 441 have formed 2 rockets The
horizontal line formed by the antigen of strain 105 1n the
ntermediate gel has fused with the rockets formed by
boiled and autoclaved antigens of 105 1n wells 5 and 6
In 3b the wells 1 2 & 3 contain sonmicated antigens
heated at 56 °C boiled and autoclaved, respectively of
VTP 67, the wells 4 5§ & 6 correspondingly treated
antigens of stram 105 The antigens of VTP 67 heated at
56 °C 1n the intermediate agar gel have formed 2
horizontal lines both of which fuse with rocket lines of
heat labile antigens of VIP 67 and 105 Addriional
rockets were formed by heat labile and heat stable
antigens of 105
In 3¢ the wells 1 & 2 contain sonicated antigens
feated at 56 °C and autoclaved respectively of strain
341 the wells 3 4 5 & 6 correspondingly treated
antigens of stramns ST 8 and ATCC 29428 respectively
Strain 341 shared two heat labile antigens with the two
latter ones Note the antigemic simifarsty of ST & and
ATCC 29428 both of which also formed a rocket line
with a reaction of identuty with posittvely charged heat

labile antigens

horzontal one The remamnmng
1o three rocket lines fusmg with
formed by the homologous
ntity were obtawed

¢ stramms, including VTP
pg‘}‘ndlwte that also VTP 67
ss-reactng with

dentity with the
antisera gave two
the horizontal hoes
antigen Several
with the other thermoI

d 341 This wou
:de;“ have several antigens cro
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the other strains, but that thetr antisera were: k
optumally reactive to detect these CToss reactioss
other way The close relation between the sirt
ATCC 29428 and ST 8, demonstrated 1n 1.heC0[
tests, 1s also obvious 1n the IE tests It should‘
noted that the homologous antigen antibody 08
nations of the other thermophilic strans ¥
gave one more precipitin line than the cross react!
heterologous strains, thus representing straft b
fic reactions
Comparison of Results Obtained by Co-Agglunnt
on and fmmunoelectrophorests
By comparing Tables 2, 3 and 4 1t c3 be s
that the COA results generally agreed with thostt
the L-RIE tests A few cross reactions “‘;
however obtamned by the COA tests but not by f
L-RIE and vice versa
Both heat labile and heat stable antigens ¥®
ble for the COA wth the bomel,
gous antigen antibody combinations It was
found that cross reactive antigens t‘lemoustra(edb
COA tests could be heat labyle or heat stable (Tstht
2 and 3) Rocket Ine rmmunoelectrophoresis
LIE) with antigen-containmg intermediate agaf &
as described by Axelsen et al (1) was therefore ts*
to study the sensitivity to heat of homologous a
ctive antigens d d by L-RIE (T}
ble 4) The arrangement of and results with such R
LIE tests are illustrated 1 Fig 3a-¢
By including untheated or heated (100 or 120
homologous antigens 1 the mtermediate agar ¢
we could show (Fiz 3a) that both heat labile 2%




_tcrohiol scand Sect B 88 219-223 1980

ANTIVIRAL AND CELL MULTIPLICATION
INHIBITORY ACTIVITIES OF MOUSE INTERFERON
PREPARATIONS TESTED ON AN INTERFERON
SENSITIVE MURINE SARCOMA CELL LINE

MIKLOS DEGRE

t W Wihelmsen og Frues Bakterologiske Insutu, University of Oslo Rikshospualet Oslo
Norway

e, M Antrviral and cell muluphcation whibstory activities of mouse nterferon preparations tested
14 mierferon sensiuve wurise sarcoma cell Line Acta path muicrobiol scand Sect. B 88 219-223
lo

¢ el muluptication nhibitory effect of SDS treatsd mouse mterferon Separated Jato anviral (AV)
¥ el mulophcation 1nhibitory (CMI) fractions Was compared 1o that of uptrealed Suniaf intesfeson
4 Lne of murine osteosarcoma cells The untreated mierferon preparation and the CMI fractions
sedependently wnubsted the muluphcauon of the cells as measured by cell count and incorporauon of
"bytudine mto the cultures The AV fracuons contaiming comparable anuviral acuvites as the
Jualed wnterferon preparauons had only a muor effect on cell muluplicavon The Piochemicat
epecties of the fractions studied remam unknown

7 Words Interferon munne sarcoma osteosafcoma tisske culure
Degre, Baktenologisk Iosusute, Rikshosputalet Oslo 1 Norway

98U Acceped 28480
x I welldocumented anuvral activity
Yo (g Cverel biological effects at the
s e o1 Among these snon antsviral
Pl otumor effect (13) and the cell
mm”mmlmryefrectﬁ 12 16) have been
Mem"‘:’ﬂy Studied Interferon preparations
Wi (2"P1“’1U0n of both tormal and tumor
wopy 1y | 12 15 16) and the development
";’:‘0 cfll) 10 several expenmental
20d co-workers (3 11) reported
:‘;‘jﬂm 1whibited murine Nwe;:s in
"ibo

1
cvm:“‘ %S the antviral and the cell
g o Bhbiory acuvities of nterferon
'“‘hxum’ However separation of these
Yz reported first by affinity
o0 2n altummcoupled agarose

column (6) and subsequently by botling nterferon
preparations 1n the presence of sodim-dodecy!
sulfate (SDS) followed by gel filtration on a
Sephadex G 25 column (4}

In the present study the effects of fractions
obtamed by the SDS method on munine osteosar
coma cells /n witro have been studied

MATERIALS AND METHQODS

Cells

The contipuous Line of mouse 1-929 fibroblast cell
onginally obtamed from the American Type Culture
Collection, Rockwille Md was grown n Eagles
pummal essenual medium (MEM) supplemented with 5~
10 per cent fetal bavine serum 300 pg glutamune 100 pg
penicillin and 50 pg streptomyan per ml
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antigens of severa! stramns (20 or more) 1n one and

Berg R L Junla J W & Firchammer B D _,
revised cl. of Vibrio fetus Amer J v

the same test run Several cross reactive
were demonstrated within the jejuni group How-
ever, the individual antigenie characteristics demon-
strated by COA tests were also found by L-RIE and
further documented by R-LIE tests with the
antigen-containing intermediate ager gel techmque
COA and IE tests with unheated and heated
further dc d the lex-

ity of the Campy lobacteria Homologous absorption
of the antibodies with autoclaved antigens allowed a
differentiation of heat stable antigens from heat
lable ones by COA tests These findings were
confirmed by R-LIE tests which also showed that

-

S

(%

Res 32 11-22 197)

Butzler J P Infecuon with campylobacters
Williams J D (EG) Modern topics 1 mixte
William Hedeman Medical Books London 1%
pp 214-239

Butzler, J P & Skirrow M B Camp)lobac
entenits Chnics an Gastroenterol § 7371t ¢
1979

Daruefsson D The demonstration of ¥ gonore }
with the aid of fluorescent antibodies | Immune
gical studies of ant gonococeal sera 3nd &
fluorescetn labelled globulins with particular regr>
to specificity Acta Dermatovenet Stocktotmd ¢
451464 1963

several heat sensitive and heat
participated 1n the reactions It was also of interest
to note that absorptions with boiled bactera
removed reactivity in most cases also agamnst
organisms inactivated at 56 °C (Table 2) Whether
this 1s an ndication of the presence of capsular (K)
antigens m Campy lobacterta (13) remans to be
shown

The close antigenic relationship between ATCC
29428 and ST 8, demonstrated by COA, was
confirmed by immunoelectrophoresis which show-
ed that these strains were the only ones with an-
tigens that moved in the cathodic direction These
findings as well as those with the COA method
prove the suitability of these techmques for further
serological studies and antigenic analysis of Campy-
lobacteria

Ths study was aided by grants from the Sigrid Juselus
Foundanion Helsinki and the Research Foundation of the
Orebro County Orebro Sweden The skiliful technical
assistance of Mrs Eua Kelo Maire Lackso Angela
Andersson and Tuula Nykanen 1s gratefully acknow

ledged
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ofells dissalved m § ml Aquasol The radicacuvity wmn the
filterpads was determined with a Mark IT hqud
Control sanllation spectrometer (Nuclear Chicago Corp Des

Plames 1) Cell counts were determuned 1o parallel
AIF(400U) cultures after trypsin treatment in @ haemocytomerer
‘/,x:’ll GIA ¥

RESULTS
—\’; i The SDS treated mterferon preparation was fractio-
// nated on a Sephadex G-25 column, and eluted with
i distdlled water 111 3 ml fractions Each fraction was

tested on L celis for anuviral acuvity and effect on
cell multiplication {Fig 1)} Fractions 6 and 7
coptained the major part of AV actuvity and
fractions 13 and 14 the CMI activity The intetferon
titre of the AV pool (fractions 6 and 7) was 10000
umts per ml and of the CMI pool (fractions 13 and
2 14) 25 umts per ml
4 7 9 days Osteosarcoma cells were cultured 1nt the presence
2 Growth of osteosarcoma cells m the presence of ©of pooled AV or CMI fracuons or interferon
"”"lnhh: CMlfraction Verycal bars sndicate | preparation After 3 days' incubation the cell counts
were determined The data presented 10 Table 1

I ? 24 hours 72 hours
10 }H 3
$
8
9
i
§
3

4

l

1000 -

Comml |;°° 101 /2 Vso Vs sooharn s 1600 10071073 s Vg Vidtonano s

- \llml CMIdllullan AV Comrol IF u/ml CMidilution AV

Mnr H U’mdmg o dilution

ndieae | osteosarcoma cells afur mcubiuon with CMI and AV fractions for 24 and 72

N
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A mouse cell ine established from a
13%Py irradistion produced primary tumor 1 C57B1/6
muce (11} The osteosarcoma cells were grown 1n the
same medium as the L cells In the present experiments
the cells were 1 their 50-70th passage in cell culture
The cells remamed tumornigemc when 1njected into
C57B1/6 mice

Interferon

Murine type I interferon preparation, produced by Dr
K Paucher, Medical College of Pennsylvama, Philadel-
phia, Pa, by exposing L- cells to Newcastle disease virus
(NDV), was received from the antiviral program of the
Nauonal Institute of Allergy and Infectious Diseases,
Bethesda, Md The spealfic acuvity of this preparauon
was about Ix107 umts per mg proten Another
preparation, produced n L- cells by NDV tnoculation,
was given to us by Dr G Bodo, E Boehninger Institut fur
Ar fe Vienna This contas-
ned 13x10% umts of interferon per mg proten
Antiviral activity was measured agamst Vesicular
stomautis virus (VSV) n L cells by a plaque reduction
method (14) or by an infecttvity inhibition microtest (5)
All titres were to
standards

Interferon fractions containing antiviral (AV) and cell
multiplication inhibitory (CMI)} acuvities, prepared by
SDS treatment, were obtained from H Dahl, Wilhelm-
sen Institute, Unversity of Oslo Brefly, interferon
preparation was treated with 3 3x10-3 M SDS mn
boiling water bath for ! minute After 1 hour at room
temperature the preparation Was gel filtrated on Sepha-
dex G-25 column, and the antiviral and cell multiphca-
tion inhibitory activites were tested 1n each fraction (4,
7) The active fractrons were pooled for further studies

Determunation of Cell Proliferation

Osteosarcoma cells were seeded n 24 well plates
(Linbro), 5% 107 cells i each well Interferon or
interferon fractions obtamed by SDS treatment were
added simultaneously and incubated at 37 °C  After
various ttmes of incubation the cells were trypsiuzed,
and the number of viable cells was determined after
trypan blue statung 1 a haemocytometer Each value
given mn the results 1s the mean of three or four
determinations Other cultures were fixed with 20 per
cent formalin at the end of mcubation, washed and
stamned with methylene blue

teon of 3H-thyrudine (Tdr) into Cell-cultures
lnc(o)?t.:c(xasarcon{a cells were Seeded n 96 well plates
(Linbro), about 5 X 103 cells 1nto each well Interferon or
interferon fractions were added simultaneously The cells
were incubated at 37 oC far 24 or 72 hours At each time
period 1 pCi 3H-Tdr (4060 RCi/mM, New England
Boston, Ma) was added to each well and
et upernatant was then
fed wath phosphate buffered
dlsmrd;%s‘eﬁ;:uf;tﬁd barv.s(:d onto filter pads
salmeu(] md' of an automated Cell harvester (Scatronuc,
‘Fnl:::v L:boratones Inc , Inglewood, Ca) Fulterpads were
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Log 10
30

25

20

5

Per cant

60

samme

L . ]

Fraction number
s——Units of IF per 01ml
«———+ Reduction 1 cell count

Fig 1 Antuviral (AV) and cell multipheatos g
(CMD) acuvities of fractions obtaned from gl Bt

on Sephadex G 25 of mouse interferon treaed
sodsum dodecyl sulfate at 100 °C for 1 mnv
cells Were grown 1n the presence of fra

te L
ctrons for 3¢

Each fraction was tested at diluvon 1 25
.

® Units of interferon per 0 1
O Per cent reduction m cell count

TABLE 1 Effect of Mouse Interferon end xhea
Multiphcanon Inhibitory and Antiviral Fractions &
Muluplication of Osteosarcoma Cells

Preparation,
Antviral activity

Control cells
Interferon, 400 u/ml
Interferon, 10u/ml

AV fraction, 1000 u/ml
{1 10 dilution)
AV fraction, 400 u/m!

(125du)

AV fracton, 10 u/ml
(1 100a1)

CMI fraction, 1u/ml?
25d1)

CMl fraction,  <1u/ml
(1100dn)

Cell count after 3 d{
of meubation X 1072+

333681
116+208
1562416
236+210
283x153
293+158
130208

2200



39 these findiwgs Altnough the bolkk of CML
Wiy was separated in the low molecular werght
ton5 3 minor CMY actvity was also associated
hibe AV fractions 1n most of our expentments
sgossible that the SDS heat treatment selected
rferon molecnlar spectes with low CMI activity
the other hand the same treatment Separated a
v olectlar wesght CMI acive component, not
sy part of the wterferon molecule.

Aodther alternative possibility 15 that the treat
o cnsed formation of complexes with CM1
x5S afone s cell growth wmhibitory Presence
£22.DS 1 the CMI fraction has been exclnded
@ ) Wt gt 18 possible that the employed
stod did not detect the hypothetic complexes
18 s hypothesis argues also the finding of
23y enteal CMI fractioms {6) separated
m Dierferon preparation by a dufferent method
Bt presence of SDS

To solve thus question it s mandatory that
£ stpacetian attennpts yhoutd be done on pute

:’mn shen suffictent quantises will be avatl

:’N Ue experimental work have been carmed out at
DFeriment of Peduatrics. [nfectious Diseases Unit
:;m!al Lah Mefcat Conter Satt Lake City
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show that interferon and the CMI pool dose
dependently mnhibited the growth of osteosarcoma
cells The AV pool had only a munor effect on the
cell count Although this effect seems dose
dependent the differences were not signzficant from
the controls

In the next experiments the effect of interferon
preparation and the CMI fractions on the growth
curve of osteosarcoma cells was examined As
shown on Fig 2 the suppresston by the two agents
was comparable From the fourth day of treatment
the number of viable cells was ficantly reduced

vity of murine osteosarcoma cells to the grov
mhibitory activity of 2 homologous merfe
preparation after up to 70 passages i+ i

A physical separation of antiral and ¥,
multplication inhibtory activities of partialy p
fied human feukocyte and murine fibroblast int -
ron preparations has been reported from
laboratory earlier (4 6) To confirm these
tions we decided to test the actve frachons
different cell system highly sensitive to
multiplication  nhubitory acuwity of 1
T of nterferon preparation to

by either agents compared to control cultures

The growth inhibitory effect could be visually
shown when osteosarcoma cells were grown with
vartous concentrations of interferon preparations or
AV or CMI fractions and the cultures were stained
after 7 days of incubation Cell growth was clearly
suppressed by S50 umits of interferon and by
comparable dilutions of CMI fractions (1 500) AV
fractions had no visible effect on growth

To further delieate the effect of CMI and AV
fractions on osteosarcoma cells the uptake of SH
TdR 1nto the cells was determined following
treatment with sersal dilutions for 24 and 72 hours
Senial ditutions of interferon preparation were
included for comparizon At the end of the
1ncubation the cultures were pulsed with 1 pCi/well
of 3H TdR for 4 hours The datan Fig 3 show that
interferon (10000 to 10 unts per ml) and CMI

d

CMI activity was performed as reported earlier
The CMI and AV actvities were demonstrate
the same fractions as previously found m L
The low molecular weight fractions contaming
bulk of CMI actvity did not ihibit VSV mult
cation 1n L cells However all antviral fract
contained minor quantittes of CMI acuvity

In addition to reducing the cell count the fract
containing CMI activity also reduced the meorp
tion of *H TR 1nto the cells sinularly t terfe
effect (3) The uptake was not correlated to
counts However after 24 hours treatmet ¥
interferon or CMI fractions the cell count ¥
sigmificantly different from that of controf cultt
The effect on TdR mcorporation I3 thert)
probably not only a function of the cell ooutt
also inhubition of DNA synthesis or possi
reduction of the transport of the rad 0a¢
d through the cell membrane as

fractions (125 to 11000 d

Fractions AV actity showed ool

dently reduced the uptake of 3H TdR AV
had only a mnor nfluence on the uptake at 1 25
dilution {contaiming 400 units of nterferon per ml)
The degree of inhibition was similar after 24 and 72
hours treatment The viable counts were not signt

ficantly different after 24 hours After 72 hours the
number of cells was dose-dependently reduced by
the interferon and by the CMI fractions up to 60 per
cent of the controls

DISCUSSION

The osteosarcoma cells from C57B1/6 mice were
established from a tumor produced by irradiation
Although the presence of C particles has been
shown 1n these cells the significance of these
particles 1s not known In many respects the murine
osteosarcoma Seems to be similar to the human
osteosarcoma now bemng treated with mterferon
with promising results (18)‘ 1‘3):’2 syslen.)s are

highly ser to
m%en{:ron in witro (13 19] Therefore m:is mﬁ;:
seems to be well fitted for experimental studies

mterferon The present findings confirm the sensiti

222

minor and not significant effect on TdR moorpt

ton
The mnterferon preparation employed altho
partially purified still contamed a high Pfl’PO;
of non interferon substanices One possible ¥
tion for the separation of actvies 25 prop¢
earlier (4 6) may be that the mterferon mole
caries both the AV and the CMI acties 20d
these are separated through the treatment by S|
100°C This hypothesis may not be true
recently 1t has been reported that appare
homogeneous and pure preparation of m
interferon  produced 1n a sumilar system as o
stil strongly inhibited cefl growth (10) (
An alternative explanation may be that the
activity 1s a contaminant probably prodt
together with mterferon as a common TeSpos
indecers It has been shown (M Eunger Nutley
J personal communication) that the proportio™
of AV and CMI activities tn different mole
species of apparently pure human leukocyte 10t
ron may vary considerabely Some fractions cot
ned low CMI activity together with high
acuvity and vice versa Our dn_za\ are not contrd

-
g



710 these findings Although the bulk of CMI
ynty was separated 1 the low molecular weight
smtions 2 munor CMI actvity was also associated
1 the AV fracuions in most of our expenments

o posshle that the SDS heat treatment selected
2rferon molecutar species with low CMI activity

atte other hand the same treatment separated 2
¥ molecular we ght CMI active component, not
esarily part of the nterferon molecule

«Another alternatnve possibility 15 that the treat

Jt cansed formation of complexes with CMI
2.508 sloce 15 cell growth snhubstory Presence
PG v Larme m 4, .

25 s bypothesis argues also the finding of
gy entical CMI fractions (6) separated
A eerferon preparation by a different method
Sbont presence of SDS

Ao it tus queston 1t 15 mandatory that
il separation attempts should be done on pure
J}:(cmn when sufficient quantities will be avall

f!o! Ut expernmental work have been carried out at
Dewrizent of Pedatncs Infectious Discases Unit

;”;Hy of Lish Medcal Center Salt Lake Cuey
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EXPERIMENTAL ACUTE PYELONEPHRITIS
IN GRIVET MONKEYS, PROVOKED BY
STAPHYLOCOCCUS SAPROPHYTICUS

PER ANDERS MARDH!, BIRGITTA HOVELIUS! FLEMMING MELSEN?
and BIRGER R M@LLER?

bstte of Medical Microbiology!, Unversity of Lund Lund Sweden Umwersity Insutute of
Pathology? and Inststute of Medical Microbiology? University of Aarhus Aarbus Denmark

Mih P A, Hovelus B, Melsen F & Moller B R Experimental acute pyelonephnts in grivet
;:;7:;:,; provoked by Staphy lococcus saprophyficus Acta path mucrobiol scand Sect. B 88 225-230

Lnsay tact mfocuon by Staphplococcus saprophyncus was provoked 1a two female gnvet monkeys A
o1 bemagg(utnating strain of § saprophyticus was njected 110 the renal pelvis of one of the antmals
\Doatey ) while 1n the otber (monkey 1) a hemagglutnaung stramn of the same species was
Dociated woto the bladder by suprapubic puncture In monkey | massive hematura and protemuna
e demonstzaied during the post inoculation (p1) week after which the monkey was killed In

”‘"BI“*A Y II' \‘mnh was kulled after 2 weeks hematuna and proteinuna were present dunng the first 5

b erlarged and there were signs of acute The revealed

::’u““’ms mtersutial filtration 2nd numerous leukocytes in the tubules Both the ureters of

S Il were congested and an acute y reaction was found

unm.:‘zr{h SIgAS Were also present in the bladder Scanming eleciron microscopy revealed cocct
¢ epithelia} hiaing of the unnary tract.

NOrds Staphylococeus saprophyticus experimental pyelonephnius gnvet moakeys
Per And
7 Aders Mardh Instnote of Medical Microbiology Solvegatsn 23 $-223 62 Luod Sweden

w1y
Sahy 180 Awepieg 61 80 neys, yet are often oply subfebrle A reduced
S Saprophynicus 1 a 1 ability 1n such patients indicates renal
Bovobiocy

Tesistant
:—:a,yn e of g species, which 15 2 involvement (5, 10)
Vg o 2 YOU02 3dult women (19, 25)
57 oy g 1 UTl caused by § saprophyncus  cus provided a clot formed 1n the bladder
[ Onthe org;
8 bemorrpy
hbm‘f:::;"m often seems to infect the up-
e of 10045, 10) Patieats with ths latrer was njected nto the bladder by percutaneous
s ‘%ﬂm 2y comy

tract infection (UTD), In rabbits and guinea pigs Pereira et al (20} was
able to provoke cystitis by msutling S saprophyti-
ANISM a5 3 causative agent of In the present study § saprophyncus was
1S, cysuus (11, 21) How-  inoculated 1nto the renal pelvis of one female grivet
monkey, while 1n a stmular monkey the orgamsm

plan of
Y Peloagors” xﬂankp:un and  suprapubic puncture Acute pyelonephnns was

<~ kd- demonstrated 1 both monkeys when studied one



and two weeks post-tnoculation (p i), respectively.
The results of histological, electron microscopic and
bacteriological studies are reported

MATERIALS AND METHODS
Animals
Two female grivet monkeys (Cercopithecus aettops),
werghing 1 6 kg and 1 8 kg, respectively, were used The
ammals, which had been captured in East Africa, were
quarantined for 6 weeks, before use

Orgamsms

One and one h
stramn of S saprophyticus, 1solated from urine specimens
of two women with signs of acute UTI, were used The
strains had been classified as to spectes according to
Kloos & Schieifer (9) and the hemagglutinating ability
tested as b (4) The
strain had been subcultured once after the primary
1solation, while the non-hemagglutinating strain had
been subcultured several times and stored frozen, prior
to use The bactera were incubated overnight 1n tryptone
broth at 37°C, washed twice 1n 09% saline and
resuspended to approximately 1010 bacteria/ml

Experimental Infections
In monkey I, an incision was made through the
abdomnal wall 1n the night flank, 2 cm below the costal
angle, and the night kidney and renal pelvis were
localized 02 ml of the suspension of the non-
hemagglutinating strain was njected into the lumen of
the right renat pelvis The abdominal wall was then
closed by sutures 1n three layers and the wound covered
with spray-plaster The operation was performed under
aseptic conditions and under general anaesthesia as
previously described (17) Monkey 1 was re-operated 7
days pt The kidneys, the ureters, the bladder and the
urethra were extirpated en bloc after which the antmal
was killed
In monkey II, 02 ml of the suspenston of the
strain was directly into the
bladder by percutancous bladder puncture after the
bic skin had been with a 2% 10dine
tincture Fourteen days p1 the same operattve proce-
dure was undertaken as in monkey I

Bacteriological Studies

Before the expersmental infection, specimens were
collected with a cotton-upped swab from the back and
from the perurethral region of the two monkeys From
each site, two specimens were obtained, one of which
was transported 1n & modified Stuart medium and the
ective broth medium contatning novobiocin
@ nahdixc acid (150 pg/ml) (6) The
ted onto blood agar plates All
solated were tested for their

3)

other 1n a sel
{2 pg/ml) an
spectmens were noculal
s(aphyloc?ccal stramf E he or_thewr
- ding to Kloos & Schiefer (9)
re studied n the

1
strains were classified acco
1n addition, 6 other grivet monkeys wel

same way
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Before the animals were infected with S saprop-
cus, unne was collected by percutaneous bla-
puncture The procedure was repeated every day unts
monkeys were killed, viz 1 and 2 weeks 2

P All urine ltured onb
agar plates The specimens were also studied
Mycoplasma and Ureaplasma as described elsew
(16) Furthermore, tests for proteinuria and hemat
using Neostx® (Ames), and quantitative bact
cultures were made after the specimens had been
frozen (=20 °C)

At operation (7 days p1 1 monkey {and [4days
1 monkey II) spectmens were collected [romthe
of the bladder, the ureter and the renal pelvis by mear
cotton-ttpped swabs The specimens were mocul
direct onto blood agar plates

All staphylococeal strasms isolated from the unne
the unnary tract uissue specimens were entified 1
species, and tested for hemaggluunating abiuy

Histological Studies

Spectmens from the bladder, the ureters a
kidneys, including the renal pelvis were fixed 1n |
formaldehyde and paraffin embedded Secuons 4
thick, were cut and stamed with hematoxyhin and e

Fig 1 Inflammauon of the right kidney of monke!
extending from the medulla through the cortex (X5



2uung Electron Microscopy

Speumens from the bladder the right ureter and the
af pefvis of monkey 1] were prepared for scansung
=roa mxroscopy (SEM) as described elsewhere (15}

RESULTS

I gemeral condition of monkey I remained
2hcrd durmg the experimental period, while
wrkey 11 became fatigued and presented slow
Roous movements from day 9 py until it was
Zdon day 14 p1.

Duday 7p1, the ight kudney of monkey 1 was
24 to be moderately entarged The nght ureter
@ mollen and congested, while the bladder, the
Aureter and lndaey were tnacroscopically normat

On day 14 p1, both kidneys of monkey II were
swollen and congested These alterations were more
marked in the night than in the feft kidney A small
pustule, rassed above the surface of the lower pole
‘was detected at the macroscopic examination of the
night kudney (Fig 1) The cut surface of the kidney
revealed patchy areas of suppuration which were
more pronounced 1n the right kidney Both the
ureters were congested along therr entre length
whereas the bladder did not reveal any gross lestons

Mcroscopically both kidneys of monkey II
showed interstitial infiltration and the tubules were
filled with polymorphonuclear leukocytes In the
kidneys, microabscesses were observed, more fre
quently i the right than in the left organ(Fig 2A)
There was no glomerular destruction (Fig 2B)

1 the rght ureter and 0 the right
teyo monkey I the Iustological studies revealed
Leftirsuop of pol;

Acute and cellular were
d 1n both the bladder and the ureters
{Fig 3)

SEM of the renal pelvis, the ureter

. and
: {bocym Stight cellular mfiltration was seen in

adder eprbelium white the left ureter and the
Ahdaey were pormal

ST
e
I e

MR
vl v

b7 e

L )
it LPRY a1
LoD with petrophyl,

o philic leukocytas and lymphocytes 1n the wbul (A) of the Kud; f
TS 2ppeared normat (B) ( x 100) oftoe maht dney o

and the bladder showed cocci adhermng to the
epithehal Limng There.was a non randomized
distribution in the adherence — that 1s cocc1 (ranging

>4 ~y

P r A 1S
-B: Y AT+
PR AN T AR S X



Fig 3 Inflammatory cell reaction mainly with neutro
phific leukocytes and lymphocytes the bladder wall of
monkey 11 (x 100)

from a few up to 20 bacteria) were attached only to
certain epithelial cells

Massive protemuria and hematuria were found in
all urine specimens of monkey 1 collected after the
mfection with S saprophyncus In monkey 11, shight
or moderate protenuna and hematuna were
demonstrated durng the first 5 days after the
ingection of § saprophyticus but not 1 the urine

enecimens obtzamned on days 6 through 14 p1

N
urethral region Ol DO IULALISy wd Vo e
}’:or:n all the 6 additional animals studied Half of the
16 specimens transported 1 the modified Stuart
medium and 11 of 16 spectmens transported 1n the
selective  broth yielded growth of nov:bxocm
ressstant staphylococct Of the altogether 2 nov:d-
brocin resistant strains isolated 14 were classufi
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as S cohni, 5 as 5 xylosus 3as§ saprophyt
while 2 stramns were non typable Monkeys |
were pot among the 3 monkeys from wht
saprophyticus was 1solated

The urine specimens collected from the mest
before the injection of S saprophyticus wereste=

S saprophyticus 103-104 colony formmng ¢
(CFU)/ml, was 1solated from all urme spec
collected p1 from monkey I All strams were e
hemagglutinating and their carbohydrate ferme
tion pattern was identical with the strain mject

In monkey I, all 12 urine specimens coll
p1 contained 162-104 CFU/mlof S saprophytie.
which were identical as regards hemagglutinat
ability and carbohydrate fermentation pattern ¥
the strain used to wnfect the animal

The specimens collested from the ladder and
right renal pelvis of monkey I on day 7p1 shot
growth of § saprophyticus while no staphylox
were 1solated from the left renal pelvis In mon
11, S saprophyticus Was isolated from the blad
both the ureters, as well as from the leftand nt
renal pelvis n the specimens collected 08 the day
operation, viz on day 14 p1

In the monkeys, no bacteria excepl for
saprophyticus were ssolated from urine or any
the specimens collected from the bladder and up
urninary tract

Neither mycoplasmas nor ureap
1solated from any of the urmne Specio
from monkeys I and I

lasmas %
ens obtas

DISCUSSION

Numerous studies on experimental pyelonephy
have been published (7) In the early expenmé
rabbits and muce were generally used In \!
ammals, mfection 1 the kidney 15 difficult
establish unless obstruction of the urnary fo®
alterations of the kidney structure aré ndu
Infection 1n unaltered kidneys was establisted
hematogenous spread of the organsm under st
In expertments of the latter ¥and Staphy loc
aureus showed a predilection for the Jadi
whereas coagulase negative staphylococet prodt
localized fesions m the hver, but not 10 the Kaé
(18) Later, rats were the usual expenme
ammals for studies on pyelopephritis 2%
condition could be estabhshed n this species W!
relatively normal urmary tract (1) To our kn¢
edge, monkeys have not been used as €xper
animals 1n studies of staphylococcal mfections of
urnary tract

The present investigation shows that S 54/
phyticus produced an acute terstittal mflamma



¢ kdieys m grivet monkeys, 1n which no
ures bad been undertaken to mnterfere with the
17 flow and 1 w huch 1o lesions 1n the urmary
Yad been mduced. The lesions were hustologi-
wésungushable from acute pyelonephritis 1n
us In the kidneys of these monkeys, the
sttal mflammatory cell infiltration was domi-
[ty polymorphonuclear leukocytes § sapro-
s 250 caused mflammatory changes mn the
ler 80d ureters

humans an mfammatory reaction in the
158 2 rarely reported complication of UTI
=3 with UTL caused by S saprophyricus
s complain of pam, which at the chincat
12000 Suggests & concrement staggered 1n the
7 Whether thus pain 15 due to or

saprophyticus 15 unknown, we did not find any
selective adhesive propensity in this bacterum, as
compared with S epidernudis (2) Urothehal cells
from monkeys have not yet been studied i this
respect In the two monkeys studied, however,
unnary sediments from both had the same micro-
scopic appearance as those from patients with uUT1
caused by S saprophyticus, that 13, cocct occurred 1n
clusters and were charactenistically attached to
cellular elements (2, §)

In spite of stgns of acute pyelonephrits, the urine
specimens from the monkeys contamed only small
numbers of bacteria, vz < 105 CFU/ml This
finding talhes with studies on women with signs of
upper UT1 caused by S saprophytcus (5) §

22207y changes 1n the ureters of such
W15 not known
<k 1s known about factors of

has a longer tme 1n unne
than has Escherichia coli (1) Moreover, the cluster-
formung tendency of S saprophyncus leads to a

shie negauve staphylococer Such factors oc-
S5 gureus are lacking m § saprophyticus
.ﬂfﬂs such as septicemia and meningitis with
*dermidis and other coagulase-negative, novo-
:;ednsmv: staphylococet, have generally been
o 10 occur 10 compromised hosts UTL
i \Ya ;mx:;‘:xp:lynr: occur, however, i
101

R predisposteg disease 1n the
me?s( 1o other staphylococeal spectes,
:‘Z] s hawm S saprophyncus generally
9 Toes emagglutnation of sheep erythrocy
. emagelyunating strain injected 1nto the

Provoked more advanced pyelonephriuc

38 tan the nop

between the true number of bactera
present in the sample and the actual number of CFU
demonstrated on cultures of the specimen Freezing
of the specimens before culture, as done mn ths
study, also gives a reduced number of bactena as
compared with fresh urine specimens

Coagulase negative, novobiocin-resistant staphy-
Jococer oceur frequently 1n the skin flora of a vanery
of amals In contrast to humans (8) they seem to
predomtnate there over the novobioctn-sensitive
species (13) The skin flora of the grivet monkeys
does not seem to differ 1n this respect from domestic
and the more commonly used laboratory amimals
{13), as mdicated by the present study

In non human primates various species of

ki strain,
.'h_;";(mmed into the renal petvis In the
sh‘ﬂﬂd with the former stram, both
o ey Tholopal alteraons Tn- the
fected v'vuh the non hemagglutinating

M can be found, including those recove-
red from the human gemtat tract (23) Mycoplasma
homims has been tsolated from the unne of pauents
with chronuc pyetonephrius (12) The possible part
played by this species 1n the ctiology of acute

nof§ g ehan,
lﬁn‘]’! ¢S 1
Sough th‘m only found on the m]ecwdg side
i 0":“""31 1nfected with the former stram

Zh‘%k 1ater than that infected with the
gy ogy 208 Strau, the difference obsery-
zhamzlg 45t that the hemagglunnin s 2 viru-

f N Proteus mirabitis o hemagglutinat-
éhﬂmm‘xyz; IV P} scems essential for the
) €xpenimental pyelonephritss in rats
bumagg g sap,

Ty g rophyticus 1s known to ocour as

has recently been considered (24)
However, neither M homuns nor ureaplasmas were
1solated from the two monkeys 1n our study

S saprophyticus mjected 1010 the bladder of rats
before and after a bladder diverticulum had been
prepared did not invanably canse infection (20) In
order to ensure that the inoculated hacteria were not
rapidly elimmated from the bladder, S saprophyri-
cus was 1njected together with blood and CaCly 1n
order 1o produce a clot. When using this techmque,
no pathologicat alterations were found 1n the rats,
‘whereas 1n guinea pigs and rabbits treated 1n the
‘same way, vascular dilatation, serous exudation and
an inflammatory cell reaction 11 the bladder wall

be onlymtheunnarymlnln
2 numbmu' 5 Saprophyticus adheres 1n
a oy 1o buman urothelsal cells than do
nmﬁiﬂd w tract a4,
e frh,z‘n “h\f Uopsm of § saprophyticus
o o l;w\mxd\ylng urothehial cells

wsed by S

were d epidermudis pro-
duced 1dentical results, although less regularly (20)

CQunical studies (S 10) have ndicated that S
saprophyticus ¢an cause acute pyelonephntis in

9



man However no histopathological investigation
of this condition has yet been reported

The present study has shown that the grivet
monkey 1$ suitable to use as an ammal model for the
mvestgation of UTI caused by S saprophy ticus
Our study showed that S saprophyticus 1n such
anumals provoked infection of both the lower and
the upper urinary tract leading to cystitis uretentis
and pyelonephntus without any lesions n the
urnary tract being produced prior to infection

This study was supported by grant 512 8215 from the
Danish Medical Research Council and by grant
16X 4509 from the Swedish Medical Research Council
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Aseren, B M & Solberg O The endotonin liberayng effect of antibiotics on meningosaca in vitro
Apab mirobiot scand Sect B 84 231-236 1980

Teree swrauas of Nersserra menngundss (two endotorin liberanag and one ia vitro varant non hberaung)
¥ae st ed duning treatment with MIC and 100 umes MIC values of benzylpemaillm and chioram
#1010 3 chemueally-defined protesn free medium Treatment with the highest dose of benzylpeni
Sém.%8 the most rapd effect on menngococrs although the anubacterial effect was the same for the
9 gewall after 20 h Cb treatment showed 2 much slower
ubictital effet. Afier 2 b of anubacteril treatment an increase of fltrable eadototn 1 the
mm ¥as found for the endotoxin liberatng strains only when the hughest penicillin dose was used
' the same penod there was a rapid celi death After 20 hours of treatment, however the
mxm liberatng strains yreated with Tigh and low concentrayons of pemaiin had a markedly
b ‘ontent of filtrable endotoxin compared to the controls and to the cultures treated with
comphenol Anubacterial treatment had o or only miumal effect on the total content of
ot T 1n the eultures compared to the untreated controls The endotoxin non liberating strain had
e same totaf content of endotoxin as the hiberating strams but did not Lberate filtrable
- Mo the medium untess filtered with & much higher pressure through & filter with smaller

*
by Words Nessersy gren ngihdis free endotoxin antibiotics

By

\um’A Department of Infectious Diseases and Internal Medictne Uflevaal Hospital Oslo
Q"ﬁd-:“l‘;: :’9 Accepted 8 1,1 80

&mh&g 20d mortality assocrated with ‘With tncreasing maerdence of meningococet rests
Y Cances ZG““’ negative bacterta are 1o tant to sulfc other

%mnhhab:z:g"“ 0 be related to the have been used including the perucillins (1) In
Uiy 2 vty 2. Fulminant meningococ  addition to sulfk de the g
% by bave be::,m Telease of potent endotox  cocrr have shown hugher virulence dunng the [ast
U G o SEOWD 10 Produce diffuse  ten years more often causing septicaemsa and shock
g studieg (l;un)' organs {5) symptoms (1)

3) have demonstrated that
ey ¢unn,m’ Woesate endotoxin 1nto the
P 'mxg‘wm and that ths liberation of

oty o e Strains and differs within
iz gy S dufference may perhaps partly
ey “anony Chnucal preturres observed 1n

The purpose of this investigation 1s (o compare
the antibactersal effect of penucillin and chloram
phemcol on grownn a
defined protemn fres medum We have also investi
gated the short and long lasting effects of the two

ol bberating
compared to a non hiberating in vitro variang




man However no histopathological 1nvestigation
of this condition has yet been reported

The present study has shown that the grivet
monkey 1s suitable to use as an ammal model for the
1nvestigation of UTI caused by § saprophy ficus
Our study showed that S saproplp ticus 1n such
animals provoked infectton of both the lower and
the upper urinary tract leading to cystiis uretentis
and pyelonephntis without any lesions in the
unnary tract being produced prior to mfection

This study was supported by grant 512 8215 from the
Domsh Medical Research Councif and by grant
16X 4509 from the Swedisk Medical Research Council
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e rans of Nersseria memunginidis {two endotoxsn Uiberatng and one am viro vanant non liberating}
se studed dunng treatment with MIC and 100 tmes MIC values of benzylpenucillin and chloram

a

i afier 20 h Ch

ol 10 8 chemcallydefined protemn free medium Treatment with the hightst dose of benzylpens
b bad the most rapid effect on meningococe although the antibactenial effect was the same for the
petictlin

treatment showed a much slower

*haena) effect. Afier 2 b of antibactersal treatment, an mcrease of filtrable endotoxsn i the
24nm was found for the endotoxin liberating strams only when the highest penicillin dose was used
e same perod there was a rapid cell death After 20 hours of weatment, however the

“toun liberating
uead eony
Earamypl

strans treated with high and low concentrattons of penscilin had a markedly
et of filtrable endotoun compared to the controls and to the cultures treated with
heweol Antbactenal treatment had mo or only mummal effect on the toual content of

“‘;‘ 0 the cultures compared to the untreated controts The endotovin non hiberating strain had
i '® $ame toul content of endotomn as the liberaymg stramns but did not hberate filtrable
g n‘: 29 the medium unless filtered with a much hagher pressure through a filter with smalter

YN0 Nessera meninguncis free endotonin antbiotes

LB WY

\ervgy etien, Depariment of Infectious Diseases and Internal Medieme Ullevaal Hospital Oslo

e A 3
'ﬂnx?‘:g;y aod mortality associated with
S tstaneeg gGram negatve bacteria are m

nsidered to be related to the
?‘;““ Ol Gese tacyery, Fulmumant

With increasing madence of menngococe: rests

tant to other 1

have been used, wncluding the pemscilling (I) In
she

ey
"y h: :5"’“ 18 release of potent endotox-
S shown 1o produce diffuse
28 m many organs (5)

Iy

non % 2 3) have demonstrated that
iberate

iy Cunng oy

iy ¢ endotonn mto th
]
00 e 0¥ 810 that thes Lberation of

addon to sulf ng:
coccr have shown higher virulence during the last
ten years, more often causing septicaemia and shock
symptoms (1}

The purpose of this mvestization 15 to compare
the antibactenal effect of penucillin and chloram
phentcol on meningococtt grown 1n 2 chemically-
defined protemn free medium We have also invesy
gated the short and fong lasting effects of the two

on liberating
compared to a non Liberating inr vifro variant




MATERIAL AND METHODS

Bactenial Strains

Three stramns were studies two endotoxin-liberaung
tsolates, 270R and 840, and one strain, 840E-, that wag
a vanant [rom 840 which Jost its ability to Iiberate {ree,
filtrable endotoxin upon subcultivation The strains Wwere
serogroups B and typical meningococt: in terms of
morphology, growth and acid producuon from Sugar,
and they were sulfonamide-resistant

Medium

The medium was prepared as described previously (2)
9 867 g dehydrated medium 199 with Earle’s unmod;.
fied salts without sodium bicarbonate, 3 g dextrose, 0 2 g
cocarboxylase and 2 g disodiim hydrogenphosphate
were dissolved 1n stenle, pyrogen-free water to 1000 mt
The pH was adjusted to 75 with } M NaOH before
filtravon through a pyrogen-free prefilter and a mem.
brane e {2} 16 wis asoertanmad drae ol eqoopmen k ag
pyrogen frec

Cell Growth

Precultures were grown for 18 h an heated blood 2gar
at 37°Can 5 per cent COy, washed in stenle pyrogen-
free saline (0 9% NaCl) three times, and adjusted 0 an
optical density (OD) of 0 6 at 620 nm equivalent to 103~
109 colony-forming umts per mi (14)

1 25 ml of each suspension was transferred to 49 m1
growth medium The final cultures were grown at 37 oC
1 § per cent CO2 After 4 h growth, chloramphenicol
(Norsk Medisinaldepot, Oslo, 711201) and benzylpen;.
allin (A/S Apothekernes Laboratorium, Oslo, lot
9/1979) were added to each of two flasks, giving final
concentrattons of 045 pg/ml and 45 pg/m! chloram
phentcol and 0026 pg/ml and 2 6 pg/ml benzylpemicy}
lin The lowest concentration of each antibiotic was equal
to or close to, the MIC value of each strain investigated
the highest level being appoximately 100 times the MiC
value (14)

Viable Counts
Viable counts were done by determining the number

of colony-fornung unus (CFU) (2) CFU plotted 1n the
figures were logio per m!

Endotoxin Determination

During a growth period of 24k ahquots of 5 ml were
withdrawn from the culture flasks and filtered with pore
sizes 0 45 pmand 0 2 pm  respectively (Millipore Millex
Disposat filter umt Lot no F 8E063040 and Gelman
Acrodisc Lot no 11)

Filtrate and unfiltrated samples were stored at
~20 °C, or examined immediately

1 imulus hsate fest was performed as earh‘er describeg

Negative and positive CORrOS WETE ik dys uliivuvy
f{abbu pyrogen test Was carried out according to
Pharmacopoca Nordica (1 1
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Colony forming units (log perm!)

2 Hours?

®—@ and 045 pg/ml chloramphenicol O——
and for untreated control X ——X The anubloucs®
added after 4 hours of growth

Colony forming units (log per ml)

) 46 10 24 Hours

Fig 2 Growth curves for straun 840 duning treat™t
with 2 6 pg/mi benzylpeniciliin A— 4, 0026 VS{;
benzylpemcitlin - A——A. 45 pg/ml chloramphen °
®—® and 045 pg/ml chloramphenmcol O—
and for untreated control X ——x The antibiotics ¥¢F
2dded 2f1er 4 hours of gro



TABLE U Liberation of Meningococcal Endotoxin Through 0 20 pm Compared to 0 45 ym Filters

Stram
270R 840E~
Age of culture
hours 020pm 045 pm 020pm 045 ym
0 e - - -
4 11000 1100 1100 -
] 11000 1100 1100 -
0 11000 1 1000 1100 -

B ¢dyion 1n the Limulus fysate test. ~ = endotoxin not deteciable

RESULTS

ik in Medum Contaimng Antibotics

Theto strans 270R and 840 showed nearly the
8 bgrowth curves The antibiotics had also
:““h same effect upon the two strams (Fig 1
ﬁll Tae highest pemcllin concentration. mar-
E ';g\lmd the viable count already after 2 b, but
= A both pensertin concentrations gave
:dr CFU values The two chloramphenicol
:‘lfhl:lt;ns 6Tollowu1 the untreated controls
bk m?; ml:n'll;hem(wr the highest chloram

n
i pets sigrificantly reduced the

"
R 2
Jﬂa;/a :are Sice of the Filters on Endotoxin

mun hoberauon increased when using the
: ‘m, 2 pm {Table 1) A relatively high
mmxu Tequired to get a filtrate from a cell
oty VB0 18IS Fiter The stram 840 E- fad
ooy g 10 e filtrate from the 0 2 pm, but
“m“:;(lﬂ Fm fifter )
tmwmtlmn Was treated with antibiotics, the
oy m“"zlmn of perucallin hberated most
Txner - b when using the 0 2 ym filter
- “:n[ Using the 045 ym filter no
g il 8ound M the filtrates from the
gy 40 B~ treated wiy antibrotics,
. ¢ ¢ndotony liberating strain 270R
g
L “mm:muan During Influence of Antibiones
mrm“‘rv\ts. the endotoxin tre Tapydly
o WntmLsz € first 6 4 of growtn Compared
:lnnu '0UCS seemed not to 1nfluence
[Tty [ SOnent dunng the first 10 b of
TQ‘-‘NTII:: However, some effect,
m oy el could be registered after
g e
s 2igp T “howed pearly the

same endotoxin hberation profile and had also the
same total content of endotoxin 1 unfiltered
samples during the 24 h period (Fig 3a and 4a)
‘When passed through a 0 45 pm filter after 2 h of
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Joooor P as
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3
5 100
2
H
&
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1

i5 0 2 Hours

10000 -
3
= L T ——,
= 1% :/
2
H
5 100/
=1
2
i

10 a

1k

| I
0 46 ®© 24 Hours

Fig 3 a Endotoun in unfiltered cultures for strain 270R
during treatment with 2 6 pg/mi benzylpemallin A
0026 pg/ml benzylpemalin & 45 pg/ml chloram
phetucol @ and 0 45 pg/mt chioramphenico! O. and
for untreated control X

Fig 3b AsFig 3a Endotoun i filtered samples
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Fig 5a Endotoxin in unfiltered cultures for s
840E- during treatment with 2 6 pg/m! benzylpenic
A, 0026 pg/ml benzylpenalln &, 45 u
@, and 045 pg/m! chloramphes

phenicol @, and 0 45 pg/ml O, and
for untreated control x

Fig 45 As Fig 4a Endotoxin In filtered samples

antibacterial treatment, the cultures treated with the

O, and for untreated control X

Fig 5b AsFig Sa Endotoxm m filtered samples

found for the cultures treated with theil:“

highest p 11 d about ten
times more filtrable endotoxin than the untreated
cultures (Fig 3 b and 4 b) This difference was not

P or with
Four hours later, the content of filtrable endot
decreased 1 the cultures treated with the hig

{ Treatment of Limulus Test Compare

TABLE 2 Endotoxin in Filtratese after 2 Hours A

the Rabbit Pyrogen Test Strain 270R

Penucillin (pg/mi}

Control

Cloramphentcol (pg/mD)

Ditution
0026 26 045 45
L R L R L R L & L R
+ + + + +
:".30
- - + - -
11000 - - - - -
1 10000

L = Limulus lysate test. R
present, = = 1O PyTogen 1espo!

nse No entry Not done
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~ rabbit pyrogen test, P = pyrogen response, s) (0 45 um Millipore) + = endoto



2alln concentratron, whule the content mncreased
e other oplrures

Afer 20 b of treatment the comtent of filtrable
et was markedly reduced both for the high
$bw penicllin concentrations compared to the
s from yntreated cultures In comparison the
75 from the chloramphenucol treated cultures
“ated even more endotoxn than filtrates from
toepeed qulmres (Fig 3b and 4b) The
%o non Lberating stram 840E~ did not
¥zt efotonn dunng treatment with

Endotoxin Liberation During Treatment with
Antibionics
1t has been discussed whether the acute bacterict
dal effect of pemaillin 2t 2 high concentration may
nfluence the process of endotonn hiberation {16}
Too rapid a destrucuon of Gram negauve orga
nisms durng therapy was first noted as a posuible
danger by Reilly eral 111935 Subsequently others
have pomted out the possible connection between
1al therapy and 1 18

b e crlures wete passed through a 0 45 pm
kg 5t}

T eafoonn coutent 1 fitrates from the
Faunffenating meningococcs was tested also
i (Table 2) After antibacterial exposition
11h, 2 prrogense response was d

When the are jocated mainly n the
blood stream high pemaihn concentratons may
have had a rapid effect on the cell wall In tissues
penucillin will usually not reach the peak serum
concentration {4)

The three strains of meningococt: studied 1n this

1 e highest concentration of penvcllin (2 6
*&lata [ 10 dituon. ¥

DISCUSSION

beves

¥
4 lo% concentrations were chosen 1 s

R, and a rabbat
f‘“mﬂlslwnua) Pyrogen fest was

Tetof e
o h:; i ;;vl:urt St eon Endotoxin Liberation

by othe

m 2 by others (17} that fifters with
"'-"':::n of‘g 22 pm are suyable for Tetaining
N " 0t bold back endotoxin In our
b the flier with the smallest pore size
! .

1]
byt He7e nandled more gentl
Y when a
\ "’;‘izu POrES Wasused As shown earlier
ke Mwnz 2045 ym fifter correspond to
) n centrifugated samples (3}
™,
G_“’:;";f rc;ﬂun«a/ Ant biot es
: i :lmu ed 1?3( treatment with
hes

= vy on pemes i X:HC value had the

i e
Yer '
e
Vin
a > ) ..
e, .

all d abouth the same 1ol
content of endotoxn in the unfiltered cultures
However when the two endotoun hiberaung strains
were treated with hugher doses of peniciilin for 2 h
the content of filtrable endotoxin tncreased Dunng
the same period there was a rapid cell death This
was not found for the other antibactersal treatments
having a rather slower effect on the remngococct

Accordingly when endotoxin liberang mening
ococer are treated by high doses of peuellin a rapid
increase m endotoxin fiberation i virro will occur
dlthough the total endotoxm content wil not
change This effect was not found for the meningo-
coocal strain that did not Lberation endotoxn
unless 1t was filtered With hugh pressure (hrough 2
02 pm filter

If a parallel pattern of endotoxin release upon
antibiotic exposure ours 1z wno the most severe
endotoxin effect may be expected to take place i
patients with marked septicaemia when high doses
of are given y

Another observayon was the gradual reduction
of the level of free filtrable endotoxin with time for
cultures treated by both penicilhin concentrations
After 20 hof treatment free endotoxin was present
only at the lowest dilutions whereas the content of
endotoxin of the unfiltered samples was rather high
for both penscillin concentranons In contrast the
chloramphericol treated cells seemed to libérate
even more endotovin than the untreated control
The explanation may be that pemcilin changes
peptidoglycan formation 1n such 2 manner that the
cells liberate endotoxin and also work as endotoxin
adsorbers 1n the culture As shown by others
endotoxin may adhere to different membranes both
i vitro and in vivo {6 15) and as earlier shown by
us (3) cell wall fragments may form large
aggregates of membranes and blebs in the medium

It has been shown for Esherichia coft and
S la p (13) that




nde excretion increases markedly when protein
. .

LN

Hawiger, J, Hawiger, A & Timmons §
t i of &

synthess 1s stopped by additton of chlc

In our study, the high yeeld of endotoxin from
chlor h 1-treated after 20 h of
treatment may be explamed by a continuing
Iiberation of endotoxtn from cells with an 1ntact cell
wall that does not work as an absorbant

We are grateful to Mrs Grete Myhre, National Insutute
of Public Health, Department of Bacteriology, Oslo, for
excellent technical assistance, and to Dr Tom Bergan,
M D, Department of Microbiology, Institute of Phar-
macy, University of Oslo, for help and advice
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w0 F He J B Hoiby N & Mogensen H Quanutauve immunoelectrophoretic analysis of

~monela ks any
=B 8 337242 1980

1gens and of corresponding anubodies i human sera Acta path microbiol scand

! maltauve ymmunoelectrophoreuc methods 86 different anugens were found n somcated
IS of a Satmonefla typht using corresponding rabbu anuserum  Lipopolysaccharide was
eulied aad S other anugens characterized Anubodies agamst 2 total of 19 S syphs antigens were
24T Yuman sera The anubody response i patents with typhoid fever was sigruficantly more
sl compated  that i normal persons When the antbody response was expressed a5 a

WU Score e
B 10% when sera
mal persns

& %OMS Salmonella p,ph, ossed
Phod. oot

predictive value of both a posiuve (precipiun score = 8) test and a negauve lest
from pauents suffering from typhoid fever were compared with sera from

Epersen Statens Se
egaard Afte

LR Accepted 191 80

;Nx:ology of Solmonella typhi and. other
b eriacea has been extensively studied for
J"ﬂd‘s‘ "y lk‘(c\l-.e ™t method used 15 agglutina
oo eriad cells but classical immuno
- w: Grabar & Witiams (8) and a few
o T 150 been applied (30)

"wuhﬁed knowledge on the serology of
- md:mwmxms manly O k and H
dndmea Usefis) serotyping schemes have

i 30 Yomever cross reactve
by 2atgens have also been studied (17
D05t Labaegsy,

; S the antibody response
écﬁ;’:ﬁnm wiectons are mmur:lo by
Mybe umuor; ‘ofvuhole bacternal cells (ant

) bty g 0 V1 2ntigens Widal
ey pougp i TSUG values of such results
h 4
.

anttbodzes -

rumsnsutut, Department of Chimcal Microbiology Hvidovre Hospital afsni 445
K 2650 Hvidovre Copenhagen Denmark

Later quanutauve immunoelectrophoretic meth
ods have been used to investigate the antigenic
structure of micro-organisms 2nd to detect precips
tating antibodies agamst a broad spectrum of
mucrobial anugens (2 10 11 15 22) By these
methods a hitherto unknown complex antigenic
structure of micro-organisms has been revealed (2
510 11 12 23 24 25) Furthermore it has been
possible simultaneously to investigate the antibody
response against a wide range of antigens

The diagnostic values of the antibody Tesponse
mvesugated by these methods has been demonstra
ted 1n snfecuons caused by Pseudemonas aeruginosa
and Candida albicans (3 4 16)

The purpose of this study therefore 1s 1o
examne the antigenic structure of § npfu and to
measure anubodies 1n serem from normal persons
and patients with typhoid fever
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MATERIAL AND METHODS

Antigen preparations Salmonella pphi (9 12
collection number 58) was kindly provided by Drs /

with areas of corresponding rabbit precpiat -
standard plates (13) contarung increasing ame~
rabbut reference antibodtes 1n the intermed ate ¢
05 1 2 5 10 20 and 40 pl/em? Inthsw_

and F Orskov Statens Ser C This
strain was selected because 1t was superior to other §
typhi strains investigated 1n inducing human lymphocyte
sttmulation and 1t will be used 1n current studues of the
humoral and cellular 1mmune response 10 S 1phi
carriers

The bacteria were grown 24 hours on solid medium
(Truche} and antigens for electrophoretic experiments
{Rel Ag) were prepared by sonication as described 1n
detail previously (12) Collord was 24 g

8 titres were d 0<ttrel
em? < tire2 < 05 pl/em? < tre3 < 13/
ttre 4 < 2 pl/em? < btre 5§ < 5 plfem? <t
10 plfem? < titre 7 < 20 pl/em? < e 8 <7
em? < utre 9

The precipiun scores were calculated accore
Axelsen et al (4)
Antigens migrating towards the cathode unc
given condittons were analysed by means of d
h ®

protein /1 {refractometry using human IgG as standard)
Commercial Lipopolysacchanide (LPS) from § nphi
was obtained from Difco Laboratonies Detroit USA (S
typhasa 0901 Westphal)
Heat stable antigens were produced by autoclaving the
sonicated preparation {} hour 120°C) and surface
antigens were 1dentified by absorbing the cor d

As protein stamn Coomassie bnlliant blue wa.
Statming for pid and polysaccharide was pert
with Oul Red and Pertodic Acid Schufl stawn respe
Qan

Stanstical calculanions were carried out usi
Mann Whitney rank sum test and diagnostc spet

rabbit anuserum with whole killed (1% formaline 1n
distilled water 37 °C 1§ hour) S nphicells as described
previously (14)

Rabbit annsera Anuserum (Ref Ab) was produced
by 5 rabbits with 100 pl of
the § (yphi reference antgen in Freund s incomplete
adjuvant according to Harboe & Ingitd (9) The
antiserum was obtatmed by pooling anusera from
successive bleedings after 14 moaths of immumization
The immunoglobulins were isolated and concentrated
(9) Before ummumzation the rabbit sera

and y were d according to Wulf

RESULTS

86 antigens were reproducibly detected and er
rated 1n the reference S pht Ag Ab patter?
which migrated towards the cathode Antit
against these antigens will not be detected Wi
techmiques used In Fig | the precipitates of t

dical] S typh antigens are st

antbodies in low titre against 4 S # phr antigens
Rabbit antibodies against common antigen of Pseu
domonas aeruginosa were prepared as previously de
scribed (26)
Human sera 3 groups of human sera were obtained
1) 30 sera from normal persons 15 from blood
donors and 15 from persons who had never been
immunized with typhoid vaccine or expertenced typhord
or pasagyphond fever Median age 27 years {range 3-61
years) 15 male and 15 female
2) 23 sera from 9 patients during typhoid fever
Median age || years (range 1-33 years) 6 male and 3
female
3) 12 sera from 12 healthy persons who had typhoid
fever 2-33 years previously Median age 30 years
(range 25-71 years) 3 males and 9 females
JImmunoelectrophoretic methods Crossed immuno
crossed with
ntermedsate gel tandem crossed immunoelectrophorests
and crossed line immunoelectrophoresis were performed
on§ X 5cm glass plates using Trisbarbital buffer (r/2
= 002 pH = 8 6))a(nd l;‘\,zoagza\;;asc from Litex
==-020
De‘]lmdan:e(nzll:m electrophorests was performed with 1 or
2 pl antigen the 1ntermediate gel contained humazrz) sera
(20 ¢l or 40 pl/em?) bacterial anugen (10 w1 or 20 wl/
b) line as a control
cm};:;:: precipitins were \dentfied by "}“‘:Sogfw‘ﬁ
Ag Ab reference pattern and semi quantificat
the area of human precipiates
performed by companng
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some of these are dentified by numbers

Fig | Salmonella pphi antgen antbody refe
pattern Crossed immunoelectrophoresis with mlt;
ategel of 2 pl § fyph Rel Ag agamst Ref Ab {
cm’) Salme i the intermeduate gel

84 precipitates are seen 16 precipitates are
by numbers

(Techmical details First dimension electropho!
anode 1o the right Second dimension electropho!
anode at the top Staining |=\bnlhanl blue

x

sdent



*IE | Charactenstie Fearures of some of the 86
“xoxlatysh Antigens Aumbers Signify the Aniigens
1m the Reference System

upamober 9 47 63 67 77 83
e

e + o+ 4
Hesive

E

sangen

reatwithom

Rl

+

+

rawth o
1ol
g +

) sommanzes the ehuracters of some of the
S Algen o 83 15 heat stable, a surface
& PASposiive, O red posiuve and com-
LES absorbs anubodies sgarnst anuigen no

83 1 crossed line immunoelectrophoresss, and
therefore 1t 1s wdentified as Lipopolysaccande

Monospeaific rabbit antibodies against 'common
antigen of P aerugmosa® precipitated antigen
number 9

All human sera contamed antibodies agamst
antigen numbers 9, 37, 41, 65 and 83, and
anubodies aganst a total of 19 different S ppht
antigens were found 1n human sera The numbers of
antibody-specificies found 1n sera from normal
persons were 1n the range 5—7 (median 5), and
precipitin scores (Fig 2) were 3 ;=7 (median 4 )

Both the total number of anubody-speaificiuies
(median 9, vange 7-11}and precipitin scores (me
dian 13 )4, range 10-17) were significantly higher
1 sera from pauents than in sera from normal
persons {(p < 001) Accordingly the predictive
value of both 2 positive test (1¢ patient has typho:d
fever) and a negatve test (1 e patient has not typhotd
fever) 1s 100%, 1f a precipinn score of 2 810 1s
chosen as lower hmit of a postuve test No anti-
body-specificities were solely detected during nfec
tion

PN SCORE
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'
s
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TYPHOID FEVER

‘mal persons and pauents with present or previous typhord fever The
etal 1975) Y means of precipiun score paying aitention (o both the number and uter of

= after 2~4 weeks and 3 = 4~16 weeks
ue

e indicated by numbers



th 3 serum

Six of the patients were followed Wi

samples one during the first two weeks of infection,

one sample during 3rd to 41.h)we13k agd“g?:ns;?ﬁls
i\

after 2-3 months (Fig 3 o

precipitin Scores were found between the first two
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Fig 3 Precipiuns in consecutive serum sampl~
one patient with typhoid fever ]

Crossed immunoelectrophoresis with itermet
using Ref Ag asantigen and Ref Ab as referenc
pare with Fig 1)

A Intermediate gel contaiung serum (40
obtaned after 6 days of ilnes

B Intermediate gel contaimng serum (0 7
obtained after 18 days of illnes

C Intermediate ge! contammng serum (40 ¢
obtained after 70 days Note Titres of precipur
decreased

Precipiins agamnst antigen number 83 and
mdicated by arrows (compare with Fig 1}

{Technical details as 1 Fig 1)

samples from individual patients, but &
decrease 1n scores was seen n the ast sam
Antigen no 83 and 77 have been found &
typht-specific (7), but no antibodies agawnst!
were found 1n any serum mvestgated

DISCUSSION

A very complex antigenc structure of S nr
found 1n agreement with results obtamed 1
same methods employed n the study of
bacterral species (5. 10, 11, 15, 23, 29
Some of the S 1 phi antigens were charad
further Antigen number 83 was llpOPO‘l}’S
nde Antigen number 9 corresponds to ©o!
antigen of Pseudomonas aeruginosa’, and 1o
dance with this 1t has been shown to cros
with antigens from other gram-negative bacte!
In all human sera studied, antibodies 282!
typht antigens were found The presence ofm
the antibodies could be explamed by the ext
cross-reactions  between Salmonella Specie
other Enterobactertacea (5, 7), some of whi
members of the mntestinal flora Antigen M
83 and 41 were however, not found to cros‘
outside the Salmonella group 1n that collect
strams The high prevalence of antibodies 2
these antigens are therefore more ObSCUre
warrents studies on cross reactions with add!
bacteral species mcluding other Salmonella
types, as S pphu are niot endenuc 1 Denmal
High precipitin scores were found 1n ser2
persons previously suffering from typhoid
indicating that a high level of precipitating
bodies 1s marntained for years
Possibilities of using quantitative immunoeh
phoretic methods as diagnostic aids i chmeal
areaccording tod * , & T\ Qbservats

o

N . #



225 found erly m patients with nfection b)
et total eumiber of preciprtuns 1n sera from
5 turng wfections ) Increased precipitin
% from patients compared to normal
3

chevon speafic precipitins were found and
bas overlapping between normal persons and
swbentotal pumber of precipitins was used
momsing i this matenal was the precipitin
g both number and titres of precipiting
wsideraton (2) Both the diagnostc senstti
Mspeeficny of this method was 100% , when
B 3B 1 destnmmate between normal
3 a0d patients suffering from typhoud fever

* nalue of the

*

o

10

1

Grabar P & Williams C A Methode permertant
1etude conjugee des proprietes clectrophoretiques et
1mmunochimiques d un melange de proteines Ap
plication au sérum sanguin Biochtm biophys Acta
(Amst) 10 193-194 1953

Harboe N & Ingid A Immunizauon isolation of
immunoglobulins  esumauon of anubody utre
Scand J lmmunol 7 Suppl 1 161-164,1973
Hertz 1 B Hoby N & Andersen ¥ Crossed
immunoelectrophoretic analysis of Bordetella per
tussts anugens and corresponding antibodies 1n
human sera Acta path mucrobsol scand Sect B
84 386-394 1976

Hoff G E & Heby N Crossed immunoelectro-
phoretic analysis of Netsseria memngiidis antigens
and of corresponding anubodies 1n patents with

* methods as an ad duning climcal work
¥ sz promusing However, whether 1t 15
% dstmungte between various Sal

disease Acia path microbiol scand
Sect C 86 1-9 1978

Hoby N & Axelsen N H Idenuficavon and

? 204 fections with other Enterobactersa-
T285 19 be mvestigated

:fxt M Supported by grants from the Damish
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mnstitut, 18 gratefully acknow ledged
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CROSS-REACTIONS BETWEEN SALMONELLA TYPHI
AND 24 OTHER BACTERIAL SPECIES

F ESPERSEN N HOIBY and J B HERTZ

s Serumuosurat, Department of Clinical Microbology at Hvidovre Hospital Copenhagen
Denmark

¥ F Hoby N & Herz 1 B Cross reaction between Safmonella 1yphs and 23 other bactersal
7o Adaputh microbio! scand Sect. B 88 243-248 1980

MSCELOS between anugens from S fyphr and 24 other bacterial species were studied by
Helltve immunoelectrophoretse methods A somscated S pHpht astugen preparation and 2
mmx pooled rabbit anuserum regularly presenung 86 smmunoprecipitates were used as 2

ystem Antigens from cross reacted with the S nphr anugens
h‘:’;r:a:ns between S syphs and anugens from gram posiive bacteria were found and only a
s g s with antigens from gram negauve bacteria outside the Enterobacteriaceae The
v o upecuvcs of the immunoelectrophoretic approach are stressed by results showing that the
g 1y mmmcung anugens between S fpir and other Enterobacteriacea was posiuvely

‘© number of 1dentical reactions 1 a coltection_of 28 biochemical tests

IRy W— bkt crossed

Pt Espren Sogens B

cross reacton £

Ll

oy g Accepted 19 1 80

“Lanary,

Yy lu:d fmUnoelecuophorcuc methods
Stony Yeveal cross reactions between
iy ”llde Spectrum of bacterial species
s 18) These merogs have a high
eSpect to separation of
-Guantutative expres
& L«J‘m:es of e10ss reacuons (8) i

“ ey w"“&u‘ : of Satmonetla typh: as

of Clinical
Kewgizd Alle 30 DK 2650 Hyidovre Copenbagen Depmark

Hvidovre Hospital afsmit

MATERIAL AND METHODS

Bacteria The § nsphi {9 12—= collection number 58}
reference anugen preparation (Ref Ag)and correspon
ding rabbut anpserum (Ref Ah) has been described
elsewhere (4)

Preparation of the different bacterial antigens has been
described previously as well as the angin of most of the
bacteria recorded 1n Table 1 (5 8 11) The Camp lobac
ter foetus Xindly provided by Dr Mais Walder
D f

iy has
h mnmnwmer artucle (4) which showed
2 30Ugens were derectable n the
e i’:;lnubody Pattern
N "‘Mmg t‘l“l:e Present study was 1o dentify
“upg — that are Species specific and
= hwnd:: Teactine In addmon 1t was
?: 0 be e ;l;: I::;nber of cross reactive
ugy, tochem:

et o 1?’1'::515 normally

ont

o Malmo General Hosprtal
Swedzn were cultured on sohd medium (agar with 5%
horse blood) tn mucro aerophilic atmosphere for 3 days
Salmonelta typhi (3 12 Vi d — collection number 59)
and Salmonelta pphimurum (1 4 5 12 1 12
collecuon number 10) were kindly provided by Drs £
and / Orskov Statens Serumunstitut, Copenhagen S
fphit9 12 d —)was isolated from a blood culture in
our taboratory S paratyphi A (FSK 5789/77) and §
paratypht BAF 3031/77) were kindly provided by Dr K
Gaarslev Statens Serumnsutut, Copenhagen



T S uv

sussnue [y

susdnue |1y

SuIBNUE [V

suagnue jjy

suagnue Jamo 1y

SUIBNUE IO (1Y

SUIBMMIE Jayio ||y

$8'€8'T8 8L LL 1L EY
NI N ERIRA
¥8€8'BL LL 9L 69 €9 It ‘OF
6ELITIRL 9 S e T
¥8 082808 ‘8L
'9L°69'L9°99 €9 Ly \Ib I} *6¢
EARA N B AR A A
+8'€8

BLULLUIYEE 6T LT LI TL 'S
¥8°CR 8L LL

BS LS P 6EIEE IE LI TL 'S
P8 €8 '8L"LL 69 €9

‘8S LS SPMIP O£ ST L1l '8
v8'€8°6L 8L

LL*99°€9'8S "I ‘6L ‘L1 2l '8
$8°€8'8L 1V 6L T1 8
Y8E8'8LLL IV '6E '8E IS
¥8'€R'8L LL IV '6E 71 'S
$8°€8°LL "9

v8 €8 LL 6t

$8'€8°LL

¥8'8L €9

8L

Ly 3y ue

&
L9'9t "6
9

LE'EE°1E

Letegtie

$9'LE‘Ee I
6€°LEIE
Lt

Leteg e
Legeie
LEeeie
LEgEtie
Leeetie

o 6
6
3
134 6
6
0s
134
LL €9
€9
€9

“oxgl
1ol

susdnue Jayo |V

Suagnue 12430 ||V

susdnue saq10 [V

suagnue Ja(1o Y
suadnue 1o [V

suadnue 13430 |V
suadnue 10 [V
susinue Jayio |V
susdnue 1310 |V
suadnue 1o IV
suagnue Jsyio jv
suadnue N0 [V
suagnue Jaro vV
suadnue Jato IV

oo o ey
(098 PUC £¥8% "STRE €0BL) (y) srssmusad Plid1apiog
(q9d&y (1) 20zuanpin snpydowav gy
(8LLUL DOLV) (1) $9p102 € 4+ $n2aa2 smpng
(V61 2y (1) 20wownand snaozoidan g
(1) $110200f sn33000sdoarg
(v dnoa3) (§) sauado td snazooosdasy «
(69€1 ) (1) sn24n0 sn3200 3&4
(1) s1190f 42130907 (dwt
(1 9 § £ 5dnos3 Q) (y) psowsnsan Spuouiopns
(2QRU] WISSED) (1) 2049100 0rigiy
{paunuapt Jou sajendivasd [44]
(1) SU2IS2040U DIIDLIag
(PRYNU3DI 10U sajeydivaad ¢y )
(€ 2dQ) (1) pouyod0saiu5 vawssaaf

(PPYNU3pI 10U selendioead ¢ 1
() Syrquanu snajosg

($61)(1)avuavzo oyarsqary
{§€ 200y (1) Druownaiid ogpaisqary
(1) 203003 231009012007

{1} Stpawaur 43130G028)

(1) tauuos oyja3yg

(vH $T0) (1) 102 o1youayas3

(u3noxy(1) o piprssyIsy

(1) g yd Gv4od pjjaucuiivg

(1) V wd Goiod vjjauoujos

@ F1Z1 § ¥ 1)())wnununyd G pjoucunog
(+ P Z1'6)(1)1yd G pjjouowvg
(+ PIA 1 6}(1)1d 0 Djjouowog

UONOES] S5015 ON

% $T-%0S

%05-%SL %$L-%001

%001

A11112024-55010 fo 3b1uad12d puv SUISHUD 21119024-55047)

ML
SISIYIUIIDY Ut UINID) 1Y SISQUINN LONISNOD 10 ad(] dnoin oyl pup supAS PASI] fo daqunN y
woIs(s ouafoy oyl wr suduuy 1 Afudlg saquiny ayy $2100dg [01SIDG L3I0 pup (suadnup 99 = By Joy) WdAy e[aucweg uaowaq suonIpai-sso4) | TTHVL

244



Ty azipens for immunoelectrophoreuc expenments In 1) Crossed  immunoelectrophoresis (21 In
ot by somication as described previously (7 2) Tandem-crossed immunoelectrophoresis with Ref Ag
Colod concentrations (refractometry using human  (12) and 1 3) crossed line immunoelectrophoresis (13}
“wsantird) of the anugen preparations were 0 § to  with the antigen in question apphcated 1n an ntermediate
Ty e gel berwesn the first dimension gel containing Ref Ag

and the reference gel contamng Ref Ab (absorpuon of
mvecmphorene methods Anugens from the 24 anubodies in siu) Each senies of immunoplates was
s wexe compared with Saimonelta Ref Ag using  repeated at least twice usiag different antgen/anubody
&wng senes of immunoelectrophoretic expen  Tatios to confirm reaction of identity or parual ideatity
= Bubangen preparation was run agamst Ref Ab  between anugens (1 2)

! Cony
Brative crosg .
bxaﬁ, Trom oty lu: immunoelectrophoresis evaluating cross reactiqns between Safmonella b pht (Ref Ag)
% -
t:.:w . . . =) (20 p/emd)
—
e
= 4<l,m nph1 anugens have been
b, . + = Theareaof some of the
mzm ) Com I8 Paia absorpuion of Ref Ab
oy, | ,, ng Enlerubatm cloacae anugen Anubodies against 65 S npht anugens have been
Vo “a:m Ppcas g np g
rep oty
u‘ e g U0 Pro/m m,mmm anugen Anubodies 2ganst 37 S o ph: anugens ace absorbed 100%
3 S, Firm oy
2 Coomass, m\;n e!em,ophorms anode to the night Second dimension electrophoresss anode at the



The degree of cross-reactivity between antigens was
esttmated by comparing the area enclosed of a given
precipitate after absorption of antibodies in sitw, with
four immunoplates containing 100, 75, 50 and 25%,
respecuvely, of the oniginal concentration of Ref Ab , as
described previously (6, 8, 11) In this way the degree of
cross-reactivity of individual antigens with antgens of
Ref Ag can be expressed as no cross reaction, 25-50,
50-75, 75-100 and 100% respectively Cross-reaction
to a degree of 25% or less 1s considered insigmficant
owing to the analytical vanatton of the method (9)

The first dimension electrophoresis was run with 2 p!
or { pl of the anugen preparation in question The
intermediate gel of c d-li hi
contamned 40 pl/cm? or 20 pl/cm? of antigen or saline as
control The reference gel contained Ref Ab (20 pl/cm?
or 10 ul/em?) Immunoplates compared were always run
simultaneously Technical details of the immunoelectrop-
horetic experiments are given in another paper (4)

The routine biochemical reactton used 1n our labora-
tory to idenufy Enterobacteriacea to the species level
were performed according o Lautrop et al (14) 28 tests
were included 1n this study Nitrate reduction, motility 1n
sem: solid medium, fermentation of glucose, manmtol
(acid and gas), lactose rhamnose, arabinose, xylose,
maltose, sucrose, adonitol, dulcitol, sorbitol, inositol and
salicin, indole production, Voges Proskauer test growth
1n the presence of KCN, gluconate oxidation, urease
reaction, H2S production, gelatine (Kohn) liquefaction,
decarboxylation of arginine, lysine and ornithine, deams-
nagion of p . utl of and
utilizaton of citrate as carbon source

When using the results of these tests for calculation,
we attached the same importance to each test, without
considering is value in the diagnosis of the species
Enterobacteriacea

Stanstical calculations The Spearman Rank con=™?
test was used (sigmificance level = 5%, onetail
(19) -

RESULTS

The results of the companson of antigens frc
different bacterial species with the Safmonell:
reference system are given tn Table |

Only 5 antigens proved specific for the § |
nella species (no 8, 12, 41, 77 and 83),and¢’
of these were speaific for § npht (o 77 an”

A high degree of cross-reaction between §

and the other Enterobacteriacea Was found
most of the antigens cross-reacted 100% B
of the high number of antigens m the refe
pattern, some of the antigens of Proteus min
Yerstnea enterocolitica and Serrata marce
which precipuated Ref Ab could not be 1den
These antigens either cross-reacted less than 1
or not at all Fig 1, A-D illustrates the
reactions with some Enterobacteriacea Thet
sults fit quite well with those of Brown &.
who investigated cross-reactions petween
dublin antigens and antigens from other Entet
teracea (3)

Only a low number of cross-reactions with§
negative bactenia outside the Er nterobacteriace
found, and no cross-reactions were found
anugens from S fypht and antigens from |
positive bacteria

The number of wdentical results of U
biochemical reactions performed and the num

S typhi with other Enterobacter

TABLE 2 hemical and | Comp

of the Ref

Number of identical
biochemuical tests

Number of 160%
Cross reacung antgens

(Toul 28) (Total 88)
Salmonella yphs (9,12 V1d -} 2 "
Salmonella typhl (9,12d ) 2 xg
Salmonella paratyphi B 2 go
Salmonella paratypht A 2 i
Salmonella pphimurium g g i
ella sonnet
?sl:iemhla coli (ROUGH) ; ; :I’f
Escherschia colt (025 HY) 20 7]
Klebsiella ozaenae 19 n
Klebsiella pneumoniae 14 o
Cutrobacter intermedsus 19 7
Enterobacter cloacae 14
Yerstnea enterocolitica Pt
16

Serratia marcescens
Proteus murabilis
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b toss reacung antigens between S nph: and
Enerobacteriacea are shown 1o Table 2
+34 posiive corretation between the number
=xal reacuions and the number of antigens

ms1eat 100% (r; = 086 p <0 01)

DISCUSSION

nsracon between S ppht and gram
webarteria was found This 5 1n

teriacea species by means of DNA reassociation
(16)

The high number of 100% cross reactive anu
gens indicates that many protens from Enterobacte
racea have a simlar structure Other authors using
dilferent serological methods have shown that
serological cross reacuvity between phylogenic rela
ted proteins s stll detectable until 28—40% of the

d are Furthermore
the number of amoacid subsututions are correla

Apevous mvestigation (18)
§ ok aatigens cross reacted with antigens
P ervgmose Honby found 6 P

ted to
ved when single protens were studied {15)
Qur results show that by using quantitative

=sthat cross reacted with S nphi(8) 3of the
"H amgens cross reacted with Nersseria
% 43 2ud Hoff & Hoiby found that 4 N
¥ dsantigens cross reacted with § opht (6}
eor ddferences. between the cross reactions
! it the d flerent antigen antibody reference
=S uld be due to the different rabbuts used

-:dhétgnn:u‘:;;d Cu; ; :. 1de spectrum of bacterial
camg on antigen of Pseudomo
- 1 described and characten
‘;l\uly Q0) We tave sbown (4) that 1t
iy sy;(:h antigen number 9 1n the § pyphe
S a?mm antigen cross reacts with
T 1 me ag;x:: d:egauveul:amna nvesty
nce with other reports
;’:;‘i:nmry(ﬁ 81117 =
s [Ml:f::xc Telationship between § bpht
e ‘acteriacea was found with more
g bl:cln: 2ntigens The results are
mor zle 0: same pattern ether no cross
sy % cross reacton This 15
1h, vt p:vmusm\esugauons(l 6811
ety SO shows that the closer the
Dy Thenshxp the tugher the number of
Sy l:;mmemly species specific anu
gy |8 83 have both been shown to
5&‘_umb:’:;znsanchande Stain and antigen
Dlie b ical o Lipopolysaccharide (4)
S m l:ﬂ:re ®ere none of the pure
:‘E ‘.'E e ims‘—fpﬁ? S typht prepara
X m:!ﬂ rTtlation between the number of
b mg 20Ugens and the number of
o 165U %25 found Thus could be
. ;:'on'elauon between the genotype
;thmmus antigenic struc
oy Gpabilives The relatedness
ceystl-rxm\ and those bactera
Pressed as number of
mg Anugens (Table 1) fits quite
eSS found betm een Enterobac

methods 1t 15 possible to
nvestigate immunological cross reactivity of 86
different antugens This possibility gives these
methods potentials as tools for taxonomic work but
the taxonomic implications of the present work
should be taken with some reservation untl the
results have been repeated with a number of
1nternational collection strains covering each spe
ces
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A POSSIBLE ASSOCIATION BETWEEN CFA () FIMBRIAE AND K99 FIMBRIAE ON
» BSCHERICHI COLI AND BACTERIAL ADHERENCE TO HUMAN LYMPHOCYTES

N H Fedberg Jorgensen and | Heron

* st of Med cal Microbrology Bartholin Building University of Aarhus DK 8000 Aarhus C
‘ Dengmark

Fdxrp dorgensen N H & Heron 1 A possible assocation between CFA(D) fimbriac and K99

gue o0 Escherichia coli and bactenal adherence to human lymphocytes Acta path mucrobiol
St 8 83 249251 1980

A bave explored 2
A coded

possible association berween Escherichia coli binding to human lymphocytes and

fo m‘ndmbvxae on the bactersal surface £ colt With or without the plasmid coded fimbriae

oitucy
IR 0to the surfyg

b7ocytes boung 5

e the same g

K88 were mixed wuy [reshly-drawn hyman peripheral blood lymphocytes W hen the

S %ere mixed with £ colt possessing the CFA() fimbriae $9% of the Iymphocytes bound
e whereas only 22% of the lymphocytes bound the CFA(I) denvative The

3% and 56% of two K9 strams whereas 22% and 8% of the lymphocytes

b e trains Without the K99 fimbriae Twelve per cent and 7% of lymphocytes bound
S o m? Staim was K88* or K88 respectively Likewise a low (8%) adherence to
% found when the £ coft did not possess fimbriae or flagella

MU Feiperg g,
rgensen I
DK 80 Axhus € Denmarl

)

i m: "’" 9 A 4w g0

s ang d'T‘ ed o two major poputavons
Pt g ST5hOCYes The lymptocytes
sadu “fpmdl d using a number of dufferent
Vo Yy
B of gy
53, 0r
:7 g

00 differences 1 the lym,
phocyte
POSSBle 10 subdiyige tymphocytes
. ,: duected againg; cell surface
7 the FC region of 193G or the

P
i~ 4n of lymphocyges b
: es by which
“'m“m‘y:n:mg of Sleven dufferent specres
!Lb&’v Ve Surface to differentiate
;Zs of ymphocytes Using this
T T Ble 19 differenuate between
Loy  lymphocytes (13) and betwesn
rine tymph

& o ymphocyes (9)
R g, ‘;:rsm 9d €0 workers did not
L pe Pacterial syrface fesponsible
e, vy . e bactena 1o e fymphocyte
. oy whll\g 1o mvesugate

Ky worgs
Eschenchia colt plasmud coded fimbrae human peripheral lymphocyes adherence
fstrute of Medical Microbiotogy Bartholin Buiding Universicy of Aarhus

whether fimbriae may be responsible for adherence of
Eschericha colr to the surface of human lymphocytes
Fimbrue are hair hike structure which are found on
the surface of vartous gram negative bactena Duguid
and co workers (3} showed as early as 1955 that £ coft
possessing these structures have the ability to adhere 1o
and agglutinate red blood cefls which is woday the basis
of a test for the bactenal possession of fimbriae £ coft
possessing fimbria¢ may also bind 10 the surface of other
eucaryouc cells (11} some fimbriaged strains of £ cofi are
thus kaown to be abte to adhere 10 the surface of the
epithelum 1n the small bowel where the adherence of
bactena is considered an important $tep in the pathogene
s1» of bacterial intesunat infecuon The fimbriae (K83
K99 and CFA(I) on Ecoli adhering to intesunal
epithelum in pigs (K88) (7 calves (K99) (14) and
humans (CFA(D) (3} duffer from other fimbrae by their
morphology and biochemical structure and by the
observauon that the genes for the h88 K99 and CFA(
fimbriae are localtzed on plasmuds Furthermore the
bacténial aggluynation of erythrocytes s mannose



resistant in contrast (o the agglutination mediated by the
other so called »common fimbriae« [t 1s thus possible 1o
wnvestigate whether there 1s an association between
plasmid coded fimbrtae on £ cols and bacterial adherence
to human lymphocytes, ustng matched controls (fimbriae
negatve derivatives of the K88*, K99* and CFA(D)*
strains) A fimbriae and flagella free strain was also
included in the study

Materials and Methods
Bacterial Strains and Growth Conditions

The strans used 1n this study were Escherichia colt H
10407 (078 K80 HI1} 15 a well-characterszed strain
possessing the colomization factor antigen (CFA(D) (4) H
10407-P 1s a derivative of the strain H 10407 which has
lost the ability to produce CFA(l) D (428 (09 K99")
and P 235 (S13)(08 K99* H") are strains possessing the
K99 anugen whereas the strains D 1429 (09 K997 and
P 235 (08 K99™H") are dervatives of these strains
without the K99 antigen D 751 (0100* K88*) and D
753(0100* K887 are 1sogenic strains except for the K88
antigen (1} JE 2217 1s a denvative of £ coft K12 with no
fimbriae or flagella (6}

The bacteria were grown overmight in M 9 broth
supplemented with 0 3% vitamin free Casamuno acids
{Difco) and 0 3% glucose at 37 °C

The bacteria were harvested by centrifugation washed
twice with PBS containing 0 02% sodium azide (Merck)
(PBS-NaNj; buffer) and suspended in the PBS NaN3
buffer at a concentration of about | x 107 m! or treated
overnight with 5% formaldehyde in PRS washed with
PBS and suspended in PBS at the same concentration

Deternunation of Fimbrial Antigens

Slide-agglutination tests were used for the examination
of fimbrial anugens (K88 K99 and CFA(I) before and
after the growth of the bacterial cells CFA(I) antiserum
was prepared by immunization of rabbits with living
agar grown (M9 agar) H 10407 cells and exhaustive
adsorption of the resultant serum with both living and
heat killed H 10407 P cells K88 and K99 antisera were
windly provided by Dr [da Orskov from the Statens
Seruminstitut Copenhagen

Isolation and Separaton of Lymphocy tes
Peripheral blood (50 m!) from a healthy volunteer was
collected by venous puncture in a screw top bottle
contaimng 10 1U Heparin/ml The blood was dituted
with 09% NaCl to 100 m! and the lymphocytes were
separated from the remaimng part of the blood using
[sopaque-Ficoll gradients (Pharmacna)  Lymphocytes
were washed twice 1n TC199 wuh 1% Human serum
albumin and thereafter suspended 1n the same buffer ata
concentration of 105/ml
Binding of Bactenia to Lymphocy tes
a and lymphocytes were mixed 1n a ratio of
e concentration was adjusted to
was centrifuged for 5 min at
as decanted, and the lympho-
the rematuing liquid by
examined by phase

Assay for the

The bacters:
200 to 1, the sodim azid
002%, and the mxture
500xg The supemavadr;wm

5 were re-suspen

:{g‘;musly shaking and thereafter
contrast mMcroscopy
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TABLE 1| Bacterial = Lymphocyte Adherer
Strain Fimbriae Pf;cin:cghe Z.‘;Z:nﬂ
H 10407 CFA(* 593214
H 10407-P - 220263
D 1428 ho9* 5372104
D 1429 - 22389
P 235(513) K99* 564245
P 235 - 77£32
D751 K88* 124£54
D753 - 72232
JE 2217 - 84241

The results are the mean of at least 4 idef
reactions with 3 different donors of lymphocyte:

Results

Lymphocytes 1solated from the venous bl
healthy volunteers were assessed for bimding
different strains of £ coli The results from sever
assays are summarized m Table | Cells bindin
than 6 bactersa were scored as posive The figure
examples of adherence between E coli possess!
CFA(D) fimbrize and lymphocytes A lymt
without bactera s also shown

The adhesion of formalin-treated bactenia (o I}
cytes was also explored No difference was found
results using unfixed or formalm fixed bacteri:
(data not shown) and results noted in the table ar
obtained using unfixed bacteral cells The stram
tested for the possession of the fimbrial antigens
slide agglutination after harvest of the bacterial &
the strains were found to be 1n possesston of the
fimbrial antigens

A mean of 59% of the human peripherat lympt
was found 1o bind bacterzal cells to the surface ¥1
E cofr strain was CFA()* Only 22% of the lym

[
oot . - !
. - - ‘.
- R
. S ‘
- AR
- - ) .,

- v T LN
AR - . K ]
M L R % -

- - o,
s o .
- N
gy T N
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Fig 1 The figure 1s a photograph ustng a phase &0
microscopy showing Escherichia colt possessing C
pil binding to the lymphocyte surface One non bl
lymphocyte 1s also shown represents 103



‘3 bund w  bactena bound to the surface when
AT s was uved with the

Iymphocytes, because the strain possesses these fimbnae

Hireprant and 56% of the 1 were

(5) When th were repeated with the bovine

=53 M3" battena! cells adhering to the
TS, e (he expenments were conducted with
oD 1428 and P 235 (S13) respectavely W hen
7D 1329 was mured with the lymphocytes
o & Iymphocyes bound the bactenal cells
=By 1% of the lymphocytes bound cells from
ol X9 sqam P 235 Applying the strain
23 te KB fimbras to the human lymphaocytes
xrnlt i more bacterial cells adhering to the
:\‘m:ﬂ 123 when usimg the K88 negatve stram
A E4T% rspectvely) The fimbrias and flagelta
_:;IE 217 ahered 10 about 3% of the

we
e of gram e

‘gauve bactena
2y be st o 10 eukaryotic

o ough bactenal surface anugenic
: : ' fimbriae or P Fimbrize are protens
— S0 m clection mucrogtaphs as fine
mm::ﬁnms on the bacteral surface (2)
o ® 10 surface epithelium mediated by
N (nsmaad S an important step in the
‘cm: ':h:m:ml mfestions (5 10 12)
iy m;mz may however also be used 1n the
i dassfication of lymphocyte subgro
P I‘l[al 13) have shown as Maver et al
o thllﬂﬂ“ speaes of bactena bind to
iy em:::n Of murne ongim They observed
Vet b 1o the lymphocytes from 12% to
S |t 1o classify the fymphocytes 1nto
[ rbegmphoqnm bound bacteria from
T~ %S but 1t was possible to classify
o on :e basis of bacterial binding 1nto
- unne lymphe
;"‘ n;asmi" Studies wnmymep s:gelir;:?h::
S fication into these subgroups also
‘mrunologically functional capabilies
<ty
P ::::\:l'o curyonc cells may be caused by
. m! S may be chromosomal or
Py ‘stmzl clements cafled plasmids
el l”m’”dv 281U results m an accompany
Sayberey i characters ap observation
-t bt “eTMINNg whether 2 character 1s
=y 0 Whether a certain structure takes
himyg g Fton
Yoy eopathopen -
Be, tt
] T

. .
LT S Riteu wi

- of these 1th the
\ ‘l'*rm 0% of m:"l‘;“r: :amrm cells to the
e The g Phocytes adhered the

erence 10 adhg
ety e Crp o 2dhtrence observed

N Some mbriae on the H 10407
‘g:;n“‘ r:n:’,,::" character closely connected
B .c':; o romosomally ended fimb

g
ey (!F:e fesponsible for £ cofy adhering
et B¢ fimbriae may be
Nz of the CFANY strain 1o the

strains. the plasmed-coded
K99 fimbniae about 55% of the iymphocytes were found
with bactenia adhering to the surface whereas only 22%
and 8% of the lymphocytes adhered the K99~ strains
The observed binding for the K99 strains to the human
Tymphocytes could be caused by unknown surface
structure but our observations may suggest the existence
of a receptor for the K99 fimbriae on the lymphocyte
membrane However there seems to be an assocation
betw een bacterial possession of CFA(I)and K99 fimbnae
or some closely refated characters and bacterzal adhe
rence to human lymphocytes Furthermore the results
with the CFA(D* and the K99* strains 1mply that there
may be overlapping 1n the lymphocyte subgroups to
which the bactenal cells bind
The fimbna and flagella free stramn JE 2217 and the
K88* and K88 strains all had a low adherence to the
Dl that these st did not possess.
a structure or only mimmat amounts of a structure
responsible for adherence of these bacteria to lymphocy
tes

“The results of a closer study of the adherence between
the strains and are in

preparation
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K99 and K88 antsera Prof A Stenderup1s thanked for
assistance during the preparavon of this paper and
Professor § N Arseculeratne 1s thanked for the lingiistc
revision of the manuscipt. Dr Urswla Friedrich 1s
thanked for the assistarice with the photography Mss J
Serensen 15 thanked for excellent technical assistance
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AN ANTIGEN COMMON TO A WIDE RANGE OF
BACTERIA

L4 Bocherucal Study of a Common Anuigen from Pseudomonas aeruginosa

DAVID SOMPOLINSKY! 2 JESPER B HERTZ? MIELS HOIBY? KLAUS JENSEN? BENDT
MANS43 VIBEKE BARKHOLT PEDERSENA and ZEMIRA SAMRAS

$455 Seum nsurut. Deparument of Chiucal Microbiology Hvidovre Hospital? and Department of
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h(l;Lxen mmon to a wide range of bactena 2 A biochemcal study of 2 Common Antigen of
I monas eruginosa Acta path microbiol scand Sect B 88 253-260 1980

G
M;’;““df\nusm (CA of Psendomonas aerugtnosa has been shown to be a protem composed of
y

St 1o ouiS of & moecular werght (MW ) of about 62000 The AW of this protein was
e 00 by gel fitration on Sepharose CL 6B (0 500000 by electrophoresis on
o g T2 €84 £615 and 10 about 900 000 by ulracentrifugation on a sucrose gradient By
Seiza oo ofugation with Schiieren optics a sedimentation coefficient (Swe w) of 22 65 was
® sy SoCeEUIcal point was determumned to pH 44 The anugen was decompased on exposure

“olfUc enzymes po. hipd  d aad or acd were not
i “im bgA The amino acid content of CA was determined and no hexosamune or abnorpmal
©pl belgn 4" ed The antigen was degraded when heated to 100 °C for 4 mun or when exposed
Lt negrges oo 11 31 4°C CA has been isolated from the cytoplasmic water-soluble fraction
"*“”llxuon bacteria and only trace amounts could be obtained from envelope fractions after

»ith Trion X 100

Ry Worgs
% agq

Common Antgen Pseudomonas aeruginora molecular weight sedimentation e
\ andlysis enzyme senssuvity
Somy
745k Dept of Microbuology Assaf Harofe Hosptal Zerfin Tsracl

"Wy

28wy Accepted 11y 80 the present communication some biochemical and
T mmo:n shared by a broad spectrum of  biophysical properties of CA are presented
g BESTS ate of imterest a5

Erargmaet s OF diagnostc toals (16) One

”ofs:nrmlmtnl:xuzm of Pseudo- MATERIALS AND METHODS
Uiprcepy, s to € antigen with the
Gy (sm.lnr;,m feactions hutherta reported 71867 and Anibodies

16) T

o 15 antigen (Common

: mc;\r’:uldbe obtainied in pure form by a

i, Ung-0ut with 18% (w/v} sodiam
rauon 55 F mger G 200(16) In

Most of the antigens used 1n the present study
(Standard Antigen (St Ag) crude French Press ewtract
and punfied Common Anugen) as well as the rabbit
immunoglobulins (Standard Anubody (St Ab} anu-CA)
have been described previously (16) For thes study we



have also prepared antigens from cultures of p
acrugnosa 888 (16) 1 Mud Truche medium tncubated at
37 °C under constant aeration Part of the culture was
harvested in the exponential growth phase (Log phase
Ag) and another part in the late declining phase {Lag
phase Ag) We have also examined eavelope fractons
from bacteria grown on solid Truche medum (9 16)
After disintegration of the bacteria i a French Press
(16) rematmng whole cells and coars matenal were
removed by centnifugation at 5000 X g for 15 min
Envelopes and membranes were collected by centrifuga
tion at 48000 X g for 30 min The supernatant was
designated cytoplasmuc fractton  The pellet was washed
three times with 10 mM s (hydroxymethyl) aminome
thane HCl {tris) buffer pH 70 A portion of 25 g wet
weight (ww) was suspended 1n 25 ml dist H20 and
soncated 1ce cooled for three times 45 seconds (20 000
Hz with a Rapidis 300 W equipped with a 9 5 mm tp)

(8 16) The water soluble part was obla
centrifugation (48 000 x g for 30 mun) and des
Envelope sonicate  Another portion of § g {wv
envelope pellet was suspended 1n 5 ml 10 mMtr
containing 2% Triton X 100 pH 72 After
overmight at 4 °C  the Triton-envelope-exira
centrifuged at 48000 x g for 30 mmn TE
obtained was divided 1n to two poruons both ¢
were reextracted one with 25 ml {0 mM ¢
contaimng 2% Triton X 100 and | mM
diamine tetraacetate (EDTA) pH 7 2 and the of
25 ml 10 mM tris buffer contatmng 2% Tt
and {0 mM MgCly pH 72 Alter tncubation 0
at 4°C the supernatants obtaned by centri
(48000 x g 30 min) were designated Trion
extract and “Triton MgCla-extract respectively

The essential steps m the [ractionation proce
ilustrated schematically

French Press extract of P aeruginosa
Centrifugation (48,000 x g 30 mn)

Supernatant = Cytoplasmuc fraction

Extraction with Triton X 100

Supernatant — Triton Envelope extract

Sediment extracted with Triton X 100 & EDTA

Triton EDTA extract

Escherichia coli antigesns

Antigens from £ colr werc prepared by sonication as
used for P aerugimosa (16) The bacteria were grown for
43 h at 37 °C on Davis and Mingiolt s solidified defined
medium (2) exther aerobically or strictly anaerobically

e
diate gel
d rocket

immunoelectrophoresis Wia ML v & o ere per

formed as previously described (16)

Amino Acid Analysis
Samples for amino act
biochemical 1nvestigation:

d analysts as well as for other
s were obtamed by Na2504

254

Sediment

Sonication

Supernatant = Emelope Somcate

Sediment extracted with
Triton X 100 & MgCl»

Trion MgCl extract

precipitation and get filtration on Sephadex G2
were examined for purity by immunochemcal ¢
and etectrophoresis on SDS polyacrylamide get
The amno actd compositon was determined
Dyrrum mode! D 500 automatic ammno acid an
Hydrolysis was carrted out 24 h and 77 hn
hydrochloric acid with 0 5% phenol 1n ev2
ampoules at 110 °C Norleucine was added as an it
standard Half cystine was determined as cystet
after oxdation with performic acyd (6) and tryptop
described by Concon (1)

Polyacrylamide Gel Electrophoresss
The techmcal detads for dodecyl sodmum 5
polyacrylamide electrophoresis {SDS PAGE) were



=3 pmowly (16} Electrophoresis 1n gels contat
+ 6% and 2 4-30% conunuous gradient of
iwande was used 1o deermine the molecular
2 e raine form of CA The electrophorests
- tH B35 comamed tns (009M) borie acid
018 \avEDTA 0 003M) Preetectrophorests
meg 270V for 30 min Pharmacia sample
Zxnesed alloning a matimal sample size of
LT gl cavon was repeated five times 1nto each
¥ renals of 30 min 1o allow the sample to
2t gel by electrophoresis at 70V Thereafter
“Pores %as contmued for 2000 V hours The
71l were enber used as first-dimension gels m
154a0C4 15 the second dymension agarose get
vt saned with 0 7% Maphthol Blue Black
HBthin 7% aceuc acd (60 min at room tplan
:‘Edmvhurmcally 1n 7% aceucacid {24V 45—
3 A tn of proterns fthyroglobulin 669 x 103
N0 X103 canatase 232 x 103 lactate
&'P-‘Au 1O X 103 and sequm albumn 67 x
1825 used to calculate the linear relationship
= e dectrophoretie mobility and log of

b {:u{( ;‘;nm/unnan ()]

S90S il antgen were applied of

u n the top of
1:702 frdient (1040% W/v 10 phosphate
Tum PRT38) Afier ceninfugation at 23 000
mmzlsu mn (rotor Spinco SW 50 1) 20
oy i were collected from the bottom of

Fun
I ’af;on Sepharose €1, 68

jt -
Sy g wluma (0 = 180 ) was
'

2 g5gy 28 e fractons of husman serum

Fon 66‘7"): llop;;fe;nun 440 x 103 ang
B Tactions of abo

4 6 fracuons pe hour s
;-;'w('ntﬂ?ﬂenl

A,

o in:mlﬂﬂyils »as performed with a Beck
t_“mmm:l Vlracenifuge equipped with
‘1!’1%0,“,/‘“ UV opucs An An D Totor ata
Shet 1g o 224 °C was wsed The protein
ag, mn_"! {ins 100 miy NaClatpH 74
h N Mas calculated for water at

oLy
Sl Y
:: ‘ﬂhlhemml mg/mt punfied CA were
Nmmm and galactophile lectuns of
Dk gy bmed for infubion of hemaggivy
R, lmywcllbm Garber et al (4 15)
Sy g o :m ¢ concanavalin A was
‘t:q Nyt Iﬂ'usmn(ln agarose (10) As
t‘hﬂ sualof fetuin {peany
o taggluy
Q.tl“c: Humn {concanavalin A) ag the same

Isoelectric Focusing of Common Antigen

The 1soelecteic point (IEP) of Common Antigen was
determined by two-dimensional agarose gel electro-
phoresis of St Ag and purified CA using 1soelectric
focusing {1EF) 1n the first dimension and monospecific
ant-CA anubody 1n the second dimension gel TEF was
performed on a Pharmacia model FBE 3000 Rat bed
electropharesis apparatus at 8-10°C  Agarose of
extremely low electroendoosmotic flow (HSIF/B) was
kindly donated by Lutex Glostrup Cocktails of carrier
amphalines® and other technical details were as descry
bed for IEF of high molecular wewight serum proteins
(13} The pH gradient of the 1EF gel was determined by
suspending pieces of agarose (2 x 05 cm)in 05 ml
double distilled H20 A pH meter with a microelectrode
(Blood Micro System 3Mk2 Radiometer Copenhagen)
was used Two strips of agarose were cut ot both sides
of the strip transferred for second dimension electro
phoresis The mean of the pH measurement of
corresponding preces was constdered as the actual pH
value on the [EF strip

Exuncuion Coefficient ar 280 nm

Light adsorption at 280 nm of purified CA 10 3 mM
s (pH 7 4} was examined on 2 Gilford model 2400 S

Proteln was determi

ned by the method of Lowry er af {11) vsing bovine
serum albumin as a standard The dry weight of CA was
determined on Iyophilized samples that were dessicated
over CaClz at 110°C Afier cooling the vessels were
weighed on a Mettler analytical balance (= 10 pg) by
taking the average of three determunauons One mg
protern correspond to 0 93 mg as measured by dry wr.

Degradation of Common Antigen by Hydrob tic Envy mes
Samples of St Ag and punfied Ca were incubated
with different enzymes and their effect on CA was
analysed by 1 methods
employmg St Ab and antt CA The enzymes used and
the condinions of incubaton are given n Table 1 In all
cases a control analysis of St Ag or CA incubated with
the respective buffers without enzyme was included The
enzymes were dissolved at a high concentration tn 2
concentrated buffer soluuon so that the substrate never
was diluted by more than 10% Afier incubation the
trypsin digestion was ended by adding aprotmn (20%
v/v) Concerning the other enzymes the acuvity was
either stopped by freezing to —20 °C or the Immunoche
mical analyses were carned out immediately after the
cubation

Sensitvury of Common Antigen 10 Different Hydrogen fon
Concentrations

The crude cytoplasmuc extract was dialysed at 4 °C
agamst 2000 volumens of buffer soluuons of different
PH The stock buffer sotution was composed of Ciric
acid 6008 g KH;PO4 3893 ¢ bonic acd | 769 g and
diethylbarbitunic acid 5 266 g i 1 1 dist water (3) This
soluton ®as muxed with equal volumes of sodum
bydroxide of different concentrations to gne the pH
values indicated under Results After diatysis for 24 b



have also prepared antigens from cultures of £
acruginosa 888 (16)1n fluid Truche medium incubated at
37 °C under constant acrauon Part of the culture was
harvested in the exponenual growth phase {Log phase
Ag) and another part n the late dechning phase (Lag
phase Ag) We have also examined envelope fractions
from bacterta grown on soltd Truche medium {9 16)
After disintegration of the bactersa in a French Press
{16) remamming whole cells and coars matenal were
removed by centnfugaton at $000 x g for 15 min
Envelopes and membranes were collected by centrifuga
tion at 48000 X g for 30 min The supernatant was
designated cytoptasmuc fraction  The pellet was washed
three times with 10 mM tns (hydroxymethy!) aminome
thane HCY {tns) buffer pH 70 A poruon of 25 g wet
weight (ww) was suspended :n 25 ml dist H~O and
sonicated ice cooled for three times 45 seconds (20 000
Hz with a Rapidis 300 W+ equipped with a 9 5 mm up)

(8 16) The water soluble part was oda
centnfugation (48 000 x g for 30 mn) and de
Envelope sonicate  Another portionof S gy«
envelope pellet was suspended in 5 mi 10 mMr
contaming 2% Triton X 100 pH 72 Afiern
overnight at 4°C the “Triton emelope-extra
centrifuged at 48000 x g for 30 mn Tt
obtained was divided 1n to tho portons botho |
were reextracted one with 25 ml 10 mM
contaimng 2% Triton \ 100 2nd 1 m\ ¢
diamine tetraacetate (EDTA) pH 7 2 and the ot .
25 ml 10 mM tnis buffer contamng 2% Trion
and 10 mM MgCly pH 72 After incubation 0
at 4°C the supernatants obtamed by centr |
(48000 x g 30 min) were designated Trion
extract and ‘Triton MgCly-eutract respectnely
The essental steps 1n the (ractionation proced ™
illustrated schemaucally !

fo

(9N

French Press extract of P acruginosa

Centnifugation (48

Supernarant Cytoplasmuc fraction

Extracuon with Triton X 100

Supernatant = Triton Emclope exiract

Sediment extracted with Triton \ 100 & EDTA

Triton EDTA evtract

Escherichia colt antigens

Antgens from £ colt wire prepared by sonication as
used for P aeruginosa (16) The bacterta were grown for
48 h at 37 °C on Davis and Mingtoli s solidified defined
medm {2) either aerobically or stractly anaerobically

mmunochemical Methods
érmscd ymmunoelectrophoresis with intermediate gel
(Ciwig) rocket \mmunoclectrophoresis and fused rochet
mmunoelectrophoresis with intermedtate gel were per

formed as previously described (16)

Amino Acid Analysis
Samples for amino aad
biochenucal 1avestigauons

her
analysis as well 25 for ot
were obtamed by NajS04
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000 % g 30 mun)

Jiment

Sonteation

Supernatant Emelope Son cate

Sediment extracted with
Triton \ 100 & MgCly

Triton MgCl caract

precipitation and gel {iltration on Sephadex G 200
were examined for punty by immunochemical cm{
and electrophorests on SDS polyacrylamide gels ¢
The amino acid composition was determuned ““j
Dyrrum model D 500 automauc amino acid analy:
Hydrolysis was carned out 23 h and 72 hm 57
hydrochlonic acid with 0 5% phenol 10 evacud
ampoules at 110°C Norleucine was added as an tatef
standard Half-cysune was deternined as cysteic 2
after oxidatton with performic acid (6} and tryptophat
described by Concon {1}

Fobacr lanude el Electrophorests
The technical details for dodecyl <odmm sulf
polyacrylamide electrophoresis (SDS PAGL) were g1t

- N



mosp Ab Monosp Ab ,
A I
-Control« t CA.TrypSin2

Degradation of punfied Common Anugen by
For tauhn cal details see Table | Anode to the
I1he lop wn first and second dumension electro
S fespectinely.

nture Sensitnan of CA

Theating of St Ag to 100 °C for 4 mun CA
501 be demonstrated by rocket 1mmunoelec

¥ess Heating to 60 °C for 1 § or 3 h did not
wkerade CA anugenically Heaung tsolated
+315C for 23 h Aud not alter the antigementy
i obseryable by Crwig with St Ab or ants

V1 of CA to Different Hydrogen Ion

*rirationy

“osure of St Ag o a hydrogen 1on concentra
UM 1003 a1 4°C (see Materials and
A5Mid not seem 1o have any mfluence on CA
U be demonstrated by Ciwig but at pH
Y was parually degraded Ac pH 4 12 and
[tednely heavy precipiates dexeloped 1n
“dvais bags buy during dialysis against the
202 A phosphate buffer the precipitates
"Tedissolved and electrophoretical moblsty and
: 14y seemed unaltered  After dialysis at pH
Chwas immuznologically changed as indica
b the fainy wollen Immunoprecipitates

ilar Werght of Ca
+ SDS PAGE of punfied C\ afier reduction

:4hlolhrr|(ol 21 60°°C for 30 amn two bands
. ®amed with mobiliues corresponding to

of $9-62000 and 62-65000 Daltons

inely and both were demonstrable by stat

3 %uh Coomassie Brallant Blue (16} On the
T rand unreduced CA appeared 1 the void
e of Sephadex G 200 gel iltraton indicatng
™ of > 4600000 (16) It was therefore
el that the natne form of C\ was a high
<cular weight complex of one or two subumt
“Tudes The following

—
r——
(—
-— b
e
m——
o - d
Fig 2 Polyacrylamide electrophoresis of Common

Anugen from Pseud imonas acrugin sa on a gradsent gel
A 4-30 ¥ conunuous gradient polyacrylamide gel <lab
was used The protein markers (Track 3) were thyroglo
bulin (MW 669 x 101 apofernun (440 < 101
catalase (232 x 10V and lactaic dehydrogenase (140 >
10% Track 2 Punfied Common Antigen Track | The
supernatant of St \g after precipitation with 18 ¥
“a>8Q4 Common Antigen was the first anugen to b
wihheld by the gel

a Electrophoresis on 2-16 % and 4-30%
Continuous Gradint Pobsacry lanude ged stabs
The experiments showed that CA migrated a

shorter distance than thyroglobulin (MW 669 »

* the untreated form of CA 15 a protem of a very
BRI
~

10% By on the curseof R¢
versus log of MW calculated from the bands of the
HMW protem ki a MW of 800 000 was extimated



TABLE | The Influence of Hydrols tic Enzymes on Common Anugen Program of Exper ments

Final enzyme conc

Enzyme A " Solvent after mixture with Tncubat ¢
¥ cuvity {final conc) Standard Antigen Conditio
or Common Anugen
DNase 1400 Kumtz 45 mM acetate 400 pg/mt 5°C Wmr
(Bovine pancreas) uniis/mg protetn pHT70
RNase 100 hunuz SmMans [ mM 200 pg/ml 37°C 2
(Bovine pancreas) units/mg NaClpH 72
Muramudase 17 500-30 000 30 mM tns 2m\ EDTA 17 ug/mt 3°C2
{Lysozyme from egg umis/mg pH715-80
white Sigma grade 1)
Trypsin Approximately 10mMins pH 74 33 pg/ml 35°C2
{Bovine pancreas) 10 000 BAEE
units/mg
Papain 35 mAnson 75 mM Na phosphate 40 pg/ml 35eC 4
umits/mg 75 mM NaCl 10 mM
cystein 2 mM EDTA
pH70
ond

the dralysis bags were transferred to 2000 volumes of
0 2M phaosphate buffer pH 7 0 and then to the eleciro
phorests tris barbital buffer of pH 8 6 2 h 1n each

Temperature Sensin ity of Common Anngen

5t Ag and 1solated CA were heated to different
temperatures and periodically samples were collected
and stored 1n an 1ce bath ul] examination

Chemicals

High molecular weight protein kit {HMW) polyacry
lamide gradient gels 2/16 and 4/30 and Sepharose
CL 6B were obtained from Pharmacia Fine Chemtcals
AB Uppsala Sweden All enzymes were products from
Sgma Chemical Co St Louts Mo except papain
(Merck Darmsiadt Germany) Aprounm (Trasylol [0
000 U/ml) was purchased from Bayer AG Leverkusen
Germany Ampholines® were purchased from LKB
Produkter AB Bromma Sweden Peanut 2gglutinin and
soybean aggluunin were donated by Prol N Sharon
The Wetzmann [nstitute of Suence Rehovot and
Pseudomonas Jectins by Dr N G thuy Garber Bar [lan
Unwverstty Ramat Gan Israel

RESULTS
ultnation Cundmon; ’
Ag of acrugt
Log phase Ag and Lag phase
nosa iv‘::re by Ciwig and rocket immunoelectro
phoresis with antt C4 found to contanl snmllat:
concentrations of CA The same was the case wil

Growth Phase and Ct
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antigens prepared from E cols cultures
medium with no nutrate (2) cultivated under 3
and strictly anaerobic conditions respecuVEly

The Celiular Localzanon of Common Anuger

Ciwig of bacterial envelope fractions relé
constderable amount of CA i the envelope S0
(see p 254) However extraction with Triton
released huge amounts of the polysacch
containing anuigen related to the O antigen {t
only very httle CA The addition of EDT
MgCl» to Triton x 100 had no effect on the T
of CA This 1s umportant Since Some
membrane proteins are released by detergent E
solvents and some proteins from the nner
brane are extracted to a greater extent when A
1s added to the detergent (12}

Enrymanic Hydrolysts of CA

Samples of St Ag and purified CA were €%
to a number of hydrolyttc enzymes and (hen
they were examined for degradation by Ciwig
monospecific Ab alongside with control 53t
kept 1n the appropriate buffers at the
temperature Deoxyribonuclease ribonucleasé
muramidase had no effect on CA Trypsin deg!
clearly purified CA (Fig 1) as wellas CA S
Papain had no clear effect on CA 1n St Af
caused a strong alteration of the electropht
mobility of punfied CA



CLEL Ammo dad Composition of Common Antigen
of Psevdomonas aeruginosa

Residues per mol of subunits

examined and 1t reacted with Folin solution of the
Lowry reaction (11) Degradation of the antigenic
structure by a short heaung to 100°C and
sensiuvity to very low and very high hydrogen on

ot 44
= 27
= 7
wexad 53
a 16
= 51
= 62
- v 3
* 47
e 19
e 2
= 42
= 9
Tiiae i
= s
% 2
i »

are also witha
protesn  The possibility that the molecule 15
d of a proten with a non
proteinaceous substance cannot be excluded but 1t
should be emphasized that staining for polysaccha
ride and Lipid was negative (9) that binding assays
with four lectins gave all negative results that no
hexosamine was observed 1n the amino acid analysis
chromatogram that DNase and RNase apparently
did not alter 1ts electrophoretic mobility and that
dry wt determmation and protetn determination by
the method of Lown ef al (11) gave compatible
results (see p 255} CA secms therelore to be a
protem of a MW of 600-900 000 Daltons with a
Sye wol 22 65 an Edfyof 10 26 anIEPofpH 4 4
and 1t 1s composed of subumt peptides of about
62 000 Daltons
The weight of CA has been calculated

:.;—"Jx:ummg that Common Antigen consists of
: ﬂ;ﬂnmu of a molecular weight of 62 000
taty :: md u;; nearest integers of the mean
ang h hyd,

vt ydrolyses except where
X for decoy
urglyg

ot 15 0y acd
:_!w Mhhyerolyss

425 descr bed by Concon n

MPOSIon by extrapolation to zero

Tt CocfPy
5 tent Isoelectr,
X etuntyog teal Point

a1y mmﬁemmm of CA at 280 nm for a
w:m;[w MU per ml water Edgy) was
Ly POINt(IEP) measured on St Ag
#2544 (mean of 4 determinations

iy

4o
& ZJL-.(;S""S""”’ of Common Anugen
o 2 the a0 aad coment of CA
=3 one, :’"‘i PeT subumt of MW 62 000
1 of subumit (16) o hexosamine
U5S Wer

e o, 't Observed

DISCUSSION

ﬂ:dramed that Common Antgen of
s memn It was stamed by

Ue i polyzcrylamide gels 1t
frol?{)mtmma papam and
o catments

iy g
i

:‘t B
Bt
RLLE

to somewhat different values depending on the
techniques used In gradient PAGE it seems clear
that thyroglobulin penetrates to smaller gel pores
than CA However by gel filtration on Sepharose
Cl 6B CA was eluted later than thyroglobulin A
possible explanatson might be a weak adsorption of
CA to the Sepharose gel Also the tertiary structure
of CA might be responsible for the discrepancies
noted
Ca was demonstrated in and 1solated from the
water soluble fracton that was obtamed when
bacteria were 2t 48 000 x
£ 30 mm The growth phase of the bacteria seemed
of no influence Extraction of the envelope fraction
with the non 1omsc detergent Triton X 100 reteased
only traces of CA and the additon of EDTA or
MgCl2 did not make this extraction method more
effective This seems 1o indicate that no considerable
amount of CA remained attached to the bacterial
membranes It should however be emphasized that
a substanual yield of CA was obtained by sontcation
of the envelope fraction indeed showmg that it
contamned this substance The failure of Trion
X 100-contamning solutiens to extract CA might
indicate that Ca tn the envelope fraction Is present
mn the flud of membrane vesicles and that these are
broken by sonication

This study was supported by grants from the Mimsiny of
Education Denmark o DS and from the Damsh
Medical Research Counaifto) B H D S s Established
Invesugator of the Head Scienusts Bureau Ministsy of
Health and Efram Rapoport Professor tn Medical
Microbrology  Bar flan Umiversity  Ramat-Gan  The
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relation between ¢lution volume (V) and th
st molecular weight of known proteins By m
~Ab tion the MW of CA was estimated to 665 .

¢ Rate Zonal Centrifugation
Fig 4 shows that CA 2ppeared as the =
e sedimenting substance of Na-S04 Ag Its g
n the gradient (fraction 6) Was nearly den
th1t of IgM of normal human serum wher
of ay macroglobuln was fou

Monosp Ab

fraction 7
FRACTIONS FAOM SEPHARQOSE 6B~CL

FIRST FRACTIONS TO THE LEFT Sedtmentation Cocfficient of Common Anfrgen
Fig 3 Fused rocket clectrophoresis with intermediate gel From the Schiiren 5?5“ 2 sedm'l]en:ail;n
of fracuons from gel filtration on a Sepharose CL 6B cent Sy w of 22 “Sas calculat l
column The sample applied to the column was the adsorpuon optics at 280 nm Sxe w was cale
supernatant of St Ag after precpmanon with 18% © 208 but a slight porton of the ©
NaSOs St Ab was added to the rear gel and anti CA 1o 584 d slowly corr dingtoaS » %
of 545 This phenomenon was obtained repe

the intermediate gel
with samples which were apparently pu

immunochemical analysis It 15 possible that &
= 5 45 corresponds to the CA subumts (16

for CA on the 4-30% gel Elecirophoresis of the
NaS04 Ag and of isolated Ca did not reveal any  Lectin Bunding

proteins of higher MW (Fig 2) The possibility that CA 1s a glycoprotelr -
examuned in a number of tests with knownle ™
b Gel Filtration on Sepharose Cl 6B However purified CA did not inhibit hemagelt ~

By this method CA was also found to be the tion by two Pseudomonas fectins {4 15)ar
most high molecular antigen of the crude French  preciprtation was obtained with concanavaln
Press extract after preciprtation with 18% Na;SO4  peanut aggluumin in double diffuston iest
(Fig 3) The calibration curve was calculated for the  agarose (10}

}
]
1 it |
]
St-Ab \ ESt-Ab
! . .
1 v
! '
NaCl Monosp.Ab N
; ~
b |
FRACTIONS FROM FRACTIONS FROM
| ULTRACENTRIFUGATION ULTRACENTRIFUGATION |

PO
A B

with sotermediate gel of fractions of Na;SOs Ag obtatned by rate Zon

The fractions were apphied m the same sequence as collected r¢ the hight

to be the antigen With the highest density

Fig 4 Fused rocket electrophoresis
centnfugation (10-40% w/v sucrose)
densqy o the left Common Antsgen seems
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BIOTYPES OF CAPSULATED AND NON-CAPSULATED
HAEMOPHILUS INFLUENZAE

Correlgtion betneen Bigtypes and f-Lactamose Production

CARL KAMME

Oepartment of Medicat Microbiology Umversity of Lund Lund Sweden

2 € Buotypes of Capsufated and

fated H

.
"2 fiamase production Acta path. micrabiol scand

Atk lug influen.

e §!
MUl
-4 bod wrease
S gung
¥ tepry
Vi

Yy

S 91, 1959

gl
g I:u'e: bochemical eharactersstics
e s Tease activity ang decarboryla
- vﬂu' N recognized five biotypes af
"WWPZL]” Most cpsufated strasns
Say . 2 R whereas most pon
;e’off[ biotypes 1 {81 and V
::‘"’*ﬂw \ "fiuen~ae infections are 1n
ta %m{fpmhmd
Ry
Sheyont

p strasns and 85~
Tom the upper Tesprasory
4 2 10ugh correlation can be
e and source of mfection
F e

W HShigatyg

_\L"” o :’:’ ]%LH influenae

inflsen ae Corfelation between
Sect B 88 261264 1980

lratns were biotyped according to Kihan 393 of the strains were assigned
while J strains remamed vnclassified Eighty nine per cent of the capsulated. strains.
d ormithine decarboxylase biosypes [ or IV while 95 per tent of the non
produced only one of the enzymes biotypes 11 111 or V OF consecuive srawms Trom
17t the wmeidence of flactamase postve strains was tugher among capsulawd

apsulated P lactamase positive
15 out of 147 non-capsulated
1 of potype IV and 3 of 7

v
s Baomaph s fluennae biotypes B lactamase
B
Sy 0 O Medical Microbiology Sotvegatan 23 § 223 62 Lund Untversy of Lund

MATERIAL AND METHODS

Bacteral Strans

All strains were 1solated from routine specimens seat
to ovr labaratory The material included B factamase
producing strams conseculively 1sofated smce 1975
Consecutive strains 1solated from blood and cerebrospinal
flwd since 1976 and consecutive isolates from the upper
tract mawnly the nasopharyax Only one stramn from
tach patient wes tacluded Stramns from known close
contacts were excluded The strains were preserveg at
20°C w foetal call serum (Flow Laboratories) wih
$0% Tryptone Soya Broth (Oxoxd) and | % yeast extract
{bifeo)

8, and S f Tesis

e pinal flugd
Sy (Y tray were biotyped
Phispen N Biohype and capsular
ag g 0% Fyner,

betneer, mArE 3 correla

mase production and

x

13

The requirement for haemin and micounamide ademine
dinucleotide (NAD) was determined by X and Vv factor
dixcs on agar plates prepared from 20 g Nutneat Broth
No 2 (Oxeid) and 7 g Bacto-Agar in 800 ml disuilted
water Haemolysis was 1ested on horse blood agar where
astreak of § qureus served as source of V facior indole
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TABLE 3 D stnbunion of B oppes among Capsulated Haemophilus 1nfluenzae Stramns

Blood and cerebrospimal fluda Nasopharynx and throat®
* B lactamase + Blactamase ~ flactamase + glactamase —
Ib iy 10 3b
e 1c
12f
7b b 4
b Se ae
3 40 16 54
UG ¢ straing

5 b strains €4 B latamase positive) 1 type ¢
ey solated straims

wsuated strams of biotype I These were now
12 botype 1 a5 no decarboxylation of
* Culd be recorded ANl strains were
for porphy rins
e strans ncluded 1 the matenial 147 non
24204 36 capsulated strains were consecuts
€B2d from upoer respreatory tract spear
the capsytated strans compnsing 10% of
TRENE t5olates Four of the 147 non
m?;ms(z 7%)and 7 of the 56 capsutated
1025 ) produced B lactamase {x? — § 78

DISCUSSION
:ub\:::“ f biotypes among capsulated and
a SU20S %35 1n agreement with that
'myﬁlher Scandinavian authors (2 13 14}
;imﬂ' 332 capsutateq strains biotyped 1n the
e investigations ced 306 were of
, (;r N and none of biotypes 11l or V The
;‘h 6stcauns were of brotype 11 All 15 type
UPed hithenio have teen assigned to
AR

xm‘b! SUY 10 produce capsular polysace
:mm;“ H influen-ge strains parallels the
; n'; both urease and ormthine decarbory
Most non-capsulated strams produce
% of the enzymes
L:f” Proportion of biotype [l among
% 22 of biotype 1 amang non-capsulated
T¥Orted by Atbriston et af may be duc to
o 2 lactors of 10 the inctusion of several
21001 the same patient (1)
ek there 15 2 correlation between bioche
CTSUCS And vimmlamase + = ~enduction

12 type f and 7 type e ( 3 p-lactamase positive} were

of capsular polysaccharide in most strains 1t would
not appear useful to corretate the biotypes strictly
with the source of 1solation as has been suggested
{1 2) Seven of 43 capsulated stramns 1sofated from
blood or cerebrospinal flurd were of biotype 11 1n
comparison with 5 of 70 capsulated strains 1solated
{rom upper respiratory tract specimens (Table 3)

Pemallin resistance n M influen-ae strains
hitherto [ y to
the presence of the TEM or type I1la § lactamase
The enzyme 1s determined by transposon A {tn A)
often found on plasmids resident m gram negauve
bactera (3 6 7 15 21 22)

The incidence of pemcillin resistance has been
reported as T-11% among capsulated and 1%
among non-capsulated strams which 15 1n agree
ment with present results (8 (1 17 20) The
mncidence of B lactamase posiive type b stramns
1solated from blood and cerebrospinal fld 7 1%
(Table 3) may be close o the true incidence 1 the
population as the stramns oniginated from severely
tll patients not treated with one or more courses of
anubiotics as 1s often the case in patients with upper
respiratory tract infections before a specymen 15 sent
for culture This may be parucularly true for
capsulated B-lactamase positive strams The sigmft
cantly higher frequency of 8 lactamase producers
among capsulated than 1n non-capsulated strans
from the upper respiratory tract may therefore be
due to the collection of strains from selected
pauents though it could also indicate that capsula
ted strains especially typee have a greater abiity to
acquire plasmids carrying transposon A than non
capsulated strains have

The
bnmyvs’b’q

m d of
ulated Blactamase pos;
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TABLE | Distribution of Biotypes among 396 Heamophilus influenzae Strains

Biotype Number Indole Urease Ormthin»"
of strains production activity decarboyyl®

I 102 + + +

1 159 + + -

nt 93 - + _

v 14 - + +

M 25 + - +

Neon }-v 3

production was determned 1n a 24 or 48 h Levinthal
broth culture with Ehrlich Bohme reagent Urease
activity was determined as described by Christensen (5)
Decarboxylation of ormthine was determuned accord;ng
to #ofter (16} Serotyping was done by sfide aggiuyn.
ation or get diffusion (9) B-lactamase was determined by
the chromogenic cephatosporin test {10)

The critenia for M influcnzae were Gram negative
rods or coccord rods with growth requirement for
haemin and NAD and no haemolysis on horse blood
agar

199 strains were stored prior to biotyptng and 197
were biotyped when freshly 1solated

153 of (he last-mentioned strains were retyped after
6~12 months of storage The indole production was now
determmned with both Ehrlich Bohme and kovacs
reagents The strains were also tested for biosynthests of
porphynns from S-ammo-laevulimic acid an order 1o
check the rehability of the X- and V factor disc (ests (12)

RESULTS

393 of the 396 strains were assigned to biotypes I 1o
V, while 3 stramms remained unclassified (Table ))
89% of capsulated strains produced both urease and
ormithine decarboxylase and were of biotypes I or
1V, while 95% of non capsulated strains belonged

to biotypes II, HI and V ~ that 15, b
producing either urease or ormithine decarbe
(Table 2) .

The distribution of biotypes was signifi
uneven for both capsulated (2 = 264 2 4d[
0 001) and non-capsulated stramns (x? = 27
df, p < 0001) and also stgmificantly dif
between capsulated and non-capsulated stral
= 2770,44f,p < 0001)

The difference wn distribution of prlacta
positive and negative non-capsulated strains.
of 133 B-lactamase-positive strains of biotypes:
IV 1n contrast to 15 of 147 B-lactamase net
strans, was statistically significant (2 = 124
ooot)

Of the 49 stramns solated from bloo
cerebrospmal flusd, 43 were capsulated, 42 ser¢
b and 1 serotype I (Table 3} The 6 non capst
strains 1solated from blood and cercbrospimal
were of biotypes I (4 strams), I {1 strawn) at
(1 stramn) — that 1s, the same biotypes as '
recorded for most of the non.capsulated sti
150lated from the ppper respiratory tract

Retyping of 153 strams after 6—12 month
preservation gave results identicat with the prit
typing of freshly 1solated strams, except for 2

TABLE 2 Distribution of Biotypes among Capsulated and Non-capsulatd fi lactamase Posune and Nege
Haemophilus (nfluenzae Strains

Non

tal
Buotype 1 It m v v - To!
Non capsulated 11 147 93 4 25 3 Zgi
Non-capsulated B +2 0 68 45 [} 20 1 :49
Non-capsulated § — b i 79 48 4 s 2 !
Capsulated 91 12 0 0 0 g 1 1I9

13 I 0 5 0

Copsulaied b+ 7 t 0 5 0 0 94

Capsulated § —

a) B+ = P lactamase posive
¥4~ = @ Jactamase negative
)8
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ANTIBIOTIC SENSITIVITY OF
ENTEROPATHOGENIC ESCHERICHIA COLI
T0 MECILLINAM, TRIMETHOPRIM-SULFAMETHOXAZOLE
AND OTHER ANTIBIOTICS

ANDERS THOREN

Dewtment of Climical Bactenology and Department of Infectious Disease Umversity of Lund Malmo

General Hosprial Malmo Sweden

colt 10

T A Antbiote sencatvity of

Samebotazole and other antibroucs Acta path macrotwol scand Sect B 88 265-268 1980

Frvar cin
gz 9

P00 Spectal reference was made to

ical 1solates of enteropathogenic Escherrchia coli (EPEC) collected s Addis Ababa
77-1978 were tested for suscepbility to 12 different antibiotics and beta lactamase

and (TMP SM2)

by ;tre recently shown to be effective in the treatment of severe gastroenteritis caused by EPEC
- "YNine of the stramns were of serotype 0111 B4 Thirty of the strams Wefe resistant to 4
h{ S of mote most of these strains belonging (o serotype 0111 B4 For mecilinam 19 strains

L',z':m mil whibuory concentration (MIC) <02 vg/ml
708 TMP SMZ 41 strams had MIC =<1 wg/ml 5 strams had 24 pg/ml No strain was
" 10 gentamicin or nahdixic acid Increased production of beta lactamase was correlated o

g
Epalln resistance

27 strains had MIC 08~32 ug/ml

E colt

¥ %nds Anubione sensiuvity

s
Tooren, Department of Infectious Diseases Matmo General Hospial § 214 01 Malmo Sweden

=
5245 submireq 17w 80

-"‘.a:k of anubiotics 1n the treatment of
'QPESUM by enteropathogenic Escherichia
fop as been controversial especially 1n
Dy @55 of darthoea (8) Studies from
o 8eographical areas have advocated theiw
9 and n consequence m yitro
- dies of climeal tsolates 1o different
e hgve been performed (7 10)
,‘ thioSwedish Peciatne Clinic - Addis
& Riopia we performed a controlled clinical
N ¢ 49 patents with severe EPEC darrhoea
 Patents recened erther mecillinam
2rim-sulfamethiorazole (TMP SMZ) or no
sk Ueatment. The climucal response was very
Bl with a chincat cure rate of 79% for
B treatment and 73% for TMP SMZ
F07% § “montrols

My st

darrhoea caused by EPEC

MATERIALS AND METHODS

Source and Identificonon of Bacteria
EPEC isolates from 46 patents attendn,
g the Ethio-
Swedish Peduatric Chme Addis Ababa Ethiopia dur:ng
1977 and 1978 were incloded Twenty five of the
tsolates belonged 1o pauents included 1 the clincal ezl
previously menuoned Al srains were
antbiote therapy rolated betore
The bacteria were sdentified as Escher,
ch
the APL 20 E system (Analyuab Mw’ Y‘:::uh\;ss:)g
Serotyping ®as performed by touune methods as
previously described (12} The 1solages consisted of (he
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tive and negative strains may indicate that non
capsulated strains producing both ureas and ormit
hine decarboxylase are unable to acquire plasmids
carrying transposon A
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following serotypes 044 K74 (L) (4), 055B5 (4),

&I)ll B4(29), 0114 K90(2), 0119 B14 (5}, and 0126 B8

Assay of toxin production on all straims was

performed at the National Bacteriological Laborator¥,

Stockholm, Sweden No strain was toxigenuc referrmng to
or toxin

Sensinvity Testing

The nhubitory (MIC) was
determuned for mecillinam and TMP-SMZ using the agar
dilution method (5) Mecillinam was obtamed from Leo
Pharmaceutical, Copenhagen, Denmark, and TMP-SMZ
from KABI, Sweden The proportton of trimethoprim to
sulfamethoxazole was 1 20, thus reflecting the serum
ratto (3) E colt AT CC 25922 was used as reference
strain  For all other antibiotics sensitivity testing was
performed according to the disc difusion method (5)
PDM medium, that was used for all determinations and
antiate discs wese putchased rom Buodiwlk, Swedes

KD OF
STRAINS

for t were m ©
those of the Refé Group for Antibtot
Testing of the Swedish Medical Society’s Sections fof
Medical Microbiology and Infectious Diseases Break-
points for neomycin were chosen accordmg to Biodsk,
Sweden, since neomycin 18 not yet included n the hist of
the group The for I 15
sull only defined with reference to urmnary tract
infections while 1t 1s not used in this context

Beta-lactamase Determunations
Esumations of beta lactamase activity were kindly

MIc

Fig 2 MIC values for TMP/SMZ in werght propor
1 20 Serotype 0111 B4 Gther serotypes O

when the substrate was exposed to suspensions of
bactera was read by v

performed by Jens Keiding, Leo Phar Pro-
ducts, C Denmark were carried
out according to a modtfication of the method described
by Uri es al (13) Briefly, the chromogenic cephalosporin
nitrocephin was used as substrate A change of colour,

N OF
STRAINS

16
14 [7

o 005 01 02 04
Mic

fig 1 MIC values for mecillinam

266

inspectton at appropriate mtervals One unit of acv
defined as the amount of enzyme which in one miot
volume of one ml converts the assay muxture :
yellow to red
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strains generally belong to serotype 0111 B4 Only
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< one to cephalexin. All strains were sensittve to
gentamycin and nalidooe acd

Beta lactamase Determnation
Fig 4 and Fig 5 show the production of beta
related to the susceptibility of mecal
and ampicdlin respectively The 27 stramns of
serotype 0111 B4 with MIC-values for meailinam
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fotowing serotypes 044 K74 (L) {4), 05585 (4), noor
0111 B4{29), 0114 K90(2),0119 B14(5),and 0126 By  STRAINS
[¢]

Assay of toxin production on all strans was
performed at the National Bacterrological Laboratory,

Stockholm, Sweden No stramn was toxigenic refernng to  z
labile or ble toxin prod w
8

Sensitivity Testing 16
The inhibitory (MIC) was .]

determined for mecilfinam and TMP-SMZ using the agar '
dilution method (5) Meciilimam was obtained from Leo |, |
Pharmaceutical, Copenhagen, Denmark, and TMP-SMZ

from KABI, Sweden The proportion of tnmethoprim to ~ '?
suifamethoxazole was 120, thus reflecting the serum 4
rato (3) £ coli AT CC 25922 was used as reference
stratn  For all other antibiotics sensitivity testing was
performed according to the disc diffusion method (5) 4 |

PDM medium, that was used for all determinations and

antibiotic discs were purchased from Brodisk, Sweden 2

Break for were 1n to Il

those of the Reference Group for Antbiouc Sensttivity 0 025 0s 10 20 s

Testing of the Swedish Medical Soceety’s Sections for

Medical Microbiology and Infectious Diseases Break. e

pomts for neomycin were chosen according to Biodisk,  Fig 2 MIC values for TMP/SMZ m weight proportt
Sweden, stnce neomycin 1s fot yet icluded in the istof 120 Serotype 011 B4 & Other serotypes O
the reference group The breakpomnt for mecilinam 1s

stll only defined with reference to urinary tract

mfections while 1t 1 not used 1 this context

Beta-lactamase Determinations

Estimations of beta lactamase activity were kindly  when the substrate was exposed to suspensions of b
performed by Jens Keiding Leo Phar Pro- | bacteria, was read by v
ducts Denmark were carried  1nspection at approprate mtervals One unit of actiit
out according to a modification of the method descnibed defined as the amount of enzyme which m one minut
by Urtec gl (13) Briefly, the chromogensc cephalosporie volume of one mi coaverts the assay mitture ft
rutrocephin was used as substrate A change of colour,  yellow to red
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2 1and Fig 2 show the MIC values for
dllzam a0g TMP SMZ For mecdlinam only
5of 0111 B4 had a moderately increased MIC
21 the nerval of 08 32 pg/ml for TMP
Z bowever there was no such obvious correla
3UMICto serotype One of the mults resistant
K25 of serotype 0111 B4 was re isolated from a
:‘l afier a5 days course of TMP SMZ The
value for TMP SMZ had then increased from
Bl before treatment to 32 pg/m! after
“ment Fig 3 shows the number of reststant
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strans to 10 other antibiotics Multi resistant
strains generally belong to serotype 0111 B4 Only
2 stramns were resistant 10 kanamyan and neomy
cn one to cephalexin All strains were sensitive to
gentamucin and palrdixic acid
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serotype 0111 B4 with MIC-values for mecllmam
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in the intervat of 0 8-3 2 pg/ml all had increased
beta lactamase activity (Fig 4) However 3 strans
with high beta lactamase activity had low MIC-
values for mecilmam (005-0 1 pg/ml) In con
trast Fig 5 demonstrates that all strains with high
beta-lactamase activity were resistant to ampicillin

DISCUSSION

The treatment of widespread and potentially sertous
infections such as EPEC gastroenteritis poses some
considerations concerning an »ideal« antibiotic hugh
efficacy agamnst the offensive orgamsm low tou
city, fow mncidence of plasmid mediated R factors
and (especially 1n developing countries) low cost
Aminoglycosides and cohistin have been widely
used as effecuve drugs for £ colr infections
although they may have some toxic effects Regar
ding ampicilin - sulfonarmides  tetracycline and
h 1 d of EPEC

w
strains has been reported (I 2 4,7 10)
Meailhinam and TMP SMZ are 2 relatively new
drugs reported to have high efficacy against £ cols
mfections and low toxicity (3 6) These 2 drugs
were successfully used 1n the treatment of severe
EPEC gastroenteritis (12) and in vitro investigation
of susceptibility confirmed that the MIC values for
mecillnam were 5-10 times below the serum
ations  usually ob d with the given
dosages of the drug (40 mg per kg of bodyweight
1m){l1) A moderate increase of MIC values to
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EXPERIMENTAL ENDOCARDITIS IN RABBITS
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Gnschi, E Mormood R § Moller S & Oling S Expenmental endocardis m rabbus 4
Exenments with Serrana the of serum and

Apacty of the strains and the influence of an indwellimg catheter Acta path mucrobio! scand Sect. B
89 269-276 1930

I order 10 tavesugate the course of Serrana marcescens endocardius 1 groups of rabbits with and
Wilioit an indwefling catheter 130 rabbits were pretreated to produce lefi-sided endocardius Three
sl solates of § marcescens were used to infect the rabbits e CDC OI3 {serum sensitive
Proteolytic) SM 104 (serum ressstant proteolytic) and SM 55 (hughly serum resistant non proteolync}
Tea rabbuts with an ndwelling catheter were challenged with CDC O13 and none of them died or
?::ed evidence of endocardius 28 days later In groups of rabbits with indwelling catheters which
i challenged with SM 104 or SM 55 there was a high incidence of endocardius (19/20 18/20
m‘;}“’;?;) While groups without catheters moculated with the same strans had a lower wnctdence
it 20 respecvely) In contrast to earlier observations with Sireprococcus faecalis the climcal

Pithological data were not significantly mfluenced by the presence or absence of proteolytic
mﬂdof the infecung stramns The results indicate that the ability of S marcescens to establish
iy m"'-“ depends sigruficantly on the degree of serum resistance of the stratos This difference was
P nunsuahle 1 expentments without an indwelling catheter during the infecuon period The
woly s wfluence of an ndwelling catheter s discussed and it 15 concluded that experimental
Yo Us ng indwelling catheters are inappropriate for studies on the pathophysiology of endocardits

*0rds Experimental endocardis rabbuts  Serratia marcescens  proteolyuc capacity - serum
WY mdwelling catheter

B0 Gusen
Department of Diagnostc Bacteriology Statens Serummnsucut Amager Boulevard 80
BA 2308 Copenagen 5. Denmark sser Bovlevard §

T

et m?’m(:\wemd 28v 80 sided valvular involvement 1n Serrana endocarditis
LT Tow u’f IS usually considered tobe a 1S Intefesting because 1t 1S in contrast 0 the
ey e JOBETUCHy for man although it predomunantly night sided location of Staph loco
3 64 from the urinary and respira  cus qureus endocardstss 1n addicts Serratsa endocar

. esthitless endocards caused by §
1::;"(;“ bern e wrth smercan
Sl g orelly m drug addicts (121
o *ound and blood stream 1nfections
WY gy o 2t assomated with hugh death
18 e nance of left

ditis does however

model described earher (9 10)

m its location resemble the
(3) produced 1o the rabbit

The clinical and pathological features and varia
tons in the course of both spontapeous and
experimental endocarditis are i part explamned by



the influence of one or more bacterial virulence
factors such as the ability of the bacteria to adhere
to the endocardium (14) their proteolytic capacity
(10) and thetr resistance or sensttivity to bactericidal
serum factors (I 4)

In order to learn more about the host parasite
relationship 1n cases of S marcescens endocarditis
we carried out a series of experiments using our
model of experimental rabbit endocarditis (8 9)
The aim was to study the course of untreated §
marcescens endocardius 1n cases with and without a
retained catheter and after inoculation with strains
differing 3n serum susceptibility and proteolytic
capacity

MATERIALS AND METHODS

Stramns

Three clinical 1salates of § marcescens 1dentified by
routine laboratory tests and with the following common
characters werd used Gram negative motile rods ndole
negative Voges Proskauer positive DNA se positive
ornithine and lysine decarboxylase positive and able to
reduce nitrate to mtrite They produced acid but nio gas in
glucose and sucrose and did not ferment lactose The
anublotic susceptibifity pattern showed resistance to
ampicillin cephalothin  polymyxin and chlorampenicol
and lity to and carbem
cllim  The individual strams were charactenized as
follows

Strain CDC 013 was non pigmented Liquefied gelatin
(7) and fibrin (2) within 24 hours and had the serotype
designation 013 Hy (this strain was received by the
courtesy of Professor Walter H Traub Institut fur
Hygiene und Mikrobiologie der Universitat des Saarlan
des Homburg W Germany)

Stram SM 55 was non pigmented and did not liquefy
gelatin or fibnn

Strain SM 104 was pigmented and liquefied gelatin
and fibrin within 24 hours

Test for fibrinolysis was carried out on a fibrin plate
(2) inoculated with a drop of heavy suspension of
bacteria Incubation was at 35 °C and the last reading
was recorded after 3 days Liquefaction around the
1noculum was evidence of a positive reaction

BHI broth Difco Laboratones; cuiluies ol we
:\rxoat\}:\s(werc grown overmight at 37 °C and then diluted
| 100 sn Hanks saline For each strain pairs of tubes
each with 0 | ml rabbit serum were prepared one tube
th fresh serum and the other with heat tnacuvated
e w Ta each tube 0 1 mi of a bacterial
ted at 37 °C
d 220 min
roth chilled
o
at 4°C was added to each it & & ring at 4 °C
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overnight all tubes were remcubated 45 hours and th~
agitated and placed directly 1 a Vitatron photome
The optical density (597 nm) of each tube was recort
Quantiative blood culture was performed as descr
earhier (10) Blood specimens were taken every |
duning the first 2 weeks after infection and three ut
weekly 1n the following weeks until the ammals d
spontaneously or were kitled 28 days after chal

Experimental Groups

Randomly bred male albino rabbits (Ssc CPH} I
Statens Seruminsttute with an average wesght of 300
{SD 123) and an average age of 181 days (SD 30)w
used

Group | Endocarditis was induced tn 80 rabbits w
an indwelling catheter during the experimental per
{Table 1}

Group Il Endocarditis was mduced m 50 rabl
without an indwelling catheter during the experumet
period (Table 1)

Group Il Nine healthy non-operated rabbits i
nvestigated for bacterial clearance after imjection

108 bactera ‘Three rabt
were challenged with strans CDC O13 SM $5and{
104 respecuvely From these ammals blood samp
were taken for quantitative blood culture 55 5 10 i
20 30 60 and 120 min after challenge and then daily |
8 days after which the rabbits were sacrified 2
autopsted

Pretreatment for Producing Lefi sided Stenite Endocar:
us
The rabbits were anaesthetized 1v with mebun
natrium The average dose at the first operation was b
mg/kg SD 162 (130 observations) and at the s
operation 232 mg/kg SD 21 (49 observatons)
polyethylene catheter was inserted mto the left ventrt
of the heart using the technique described previously 4
The catheter was either left in sutu for 3 days or retain
o she exvae pxperamental penod

Infection of Pretreated Amimals

After 3 days with the catheter 1 sezu the rabbits
experimental group II were subjected to 2 secot
operation nvolving the removal of the catheter &
simultansous tmyection of 1 ml suspension of S mare
scens mto a margmal ear ven The rabbits
ewpenmental group I with retaned catheter ®¢
challenged 1n a similar way The bacterial suspension
saline was prepared from an overnight culture growth ¢
5% blood agar This suspenston contained approxin
tely 10% colony fornung umts (CFU) per m! {me.
1 74 108 range 0 74-3 67 x 108) :

Autopsy 1’
Autopsy was carried out as described eachier (10
d differer’

Bacteria recovered from blood vegetations an
organs were rdentified by their characteristic appearan
on blood agar and by microscopy of Gram stamed slide
Sermiquanutative culture was made from the perions
cavity liver spleen kidneys mesenteric glands an
plevral ¢ AP



hearts of five rabbuts (fwo from rabbuss mfected
155 two from rabbits infected with SM 104 all
anelling catheter and one heart from a rabbit
wib SM 104 but wihout mdweltmg catheter)
sod exclustvely for hustological exarunation as

arler (10) The gross structure of liver
wesentenic glands and suprarenal glands was
of 10farcis 1n the kadneys described and counted
ar surface exension measured

cal Methods

wsults from the tests for serutn susceptibitity of
13 5V 104 were examuned by means of analysis
wssion, testing the Sigiuficance of the slopes The
scurves far SV $3 m fresh and macuvated sera
wopared wsing a two-way analysts of vanance
ethod Was also employed for the companison of
e shaming ¢he i vivo clearanee of bactera
Bpanson between incidence of endocasdius was
by Fishers exact test which was also used for

the madence of early death defined as

vl ttoeless than 12 days n groups of rabbats with
Fido an ndwelling catheter All means given tn
1 ve geometnc 2nd the standard deviations are
L“ rcent of the means Wesghts of spleen heart

fdmmuons together without taking tnto aceount
_!’; ey died sponianedusly ar wete sacmificed on
A0 Thus was the case for the variables weight
;1::;“ beart, But not of vegetanons and CFU/g

E\;‘?;&M from rabbits with mfected vegetatons
e "ma SM 104 were compared within each of
rﬂlmmnmznm subgroups and the vartauan
ot g v.u: SUbETOUpS and betw cen rabbuts with and
Vegerauons was exammed

RESULTS

=
":;I,f\%{léf{?s;@ Strains to the Bacteradal
1 o growin assay fest A) CDC
T 8 10 be markedly sensitive to three
ey S“z"" Sefa and 20 normal rabbit sera
fa 28 5N 104 were classified as serum
Ny ul:m" 1o further examune the resistance
L m:“ 194 aq assay by bactersal growth
S ) V35 armied out Fig 1 A and B
hoy ¥ that stram SA{ §5 gave good growth
Mu"““‘“ﬂled Serum and fresh rabbit
St sy g iy weaker in the later
ey % grew only 1 iacuvated serum
il incubation period These results

B2t SV §5 was stpmufi
Uhan S3y 104 gruficantly more

S0
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different time periods as indicated

Clearance of the Different Strains of 5 marcescens
in Non treated Rabbis

Frg 2 shows that after 1v challenge of rabbits
the eltminauon of the organisms was most rapud for
the serum sensstive stram CDC O13 apd that the
moderately Serum resisiznt stran SM 104 was
cleared more rapidly than the hughly serum resistant

A cru /o o0

Fig 2 Bacenal clearance of Serrana marcescens
stratns  Three rabbits were challenged (v (1 ol of
4 suspension of approximately 10% bactena/ml range
1 25-1 77 x (0% with stratns $M 55 S3] 104 and CDC
013 respecuvely Blood samples were taken after §
seconds 5 10 15 20 30 60 and 120 nyn (log scale) as
indicated
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TABLE 1| Incidence (Ratio Infected Challenged Rabbuts) of Exp ! Serratia Endocarditrs in Rat
at Indicated Time after Challenge
Rabbit Infectng Rabbuts sacnficed after Rabbuts dea‘d Rabrl?:::d o
u tra sacrifi o
group stram 1 day 2days 3 days before day 28 after day 28
1 SM 55 5/5 5/5 475 12/12 6/8 18/20
Catheter SM 104 575 575 5/5 15715 415 19/20
nsttu CDCo13 ND ND ND None 0/10 0/10
i SM 55 3/5 ND ND L 419 15/20
Catheter
removed SM 104 /s ND ND 474 1716 5120
ND = not done

strain SM 55 The sigmficant differences are
apparent after 5 min and then persist practically
unaltered during the 120 min observation pertod

Incidence of Endocardinis Related to Presence or
Absence of Catheter and Characteristics of the
Infecung Strains

Left sided sterile endocardttis was induced 1 130
rabbits The establishment of bacteral endocarditis
after challenge was confirmed by solation of §
marcescens from the vegetations or by histological
examination In group I a high mcidence of bacterial
endocarditis was recorded 1n rabbits mfected with
the highly serum reststant strain SM 55 and with
the moderately serum resistant stram SM 104
while none of the rabbits challenged with the serum
sensittve  strain CDC 013 developed nfection
{p<<0 001) (Table 1) In group II the mncidence of
bacterial endocardins was 3 out of 5 due to both SM
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e of rabbits with Serrata marce-
t5 one rabbit

docarditis Each dot yepresen!

sanslael:d with SM 104 (@ infected vegetations o]

P ) or with SM 55 (A mfected

non tnfected vegetations
vegetations & non 1nfected vegem\ons)

Fig 3 Survival um
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55 and SM 104 one day after challenge Howe
1n rabbits observed for 28 days a significantly lo
ncidence (p = 0 004) of bicterial endocardius o¢
red due to the moderately serum resstant stram
104 than due to the more resistant strain S\t
The different mcidence of endocarditis due t0
104 1n groups [ and II 15 highly sigmfi
(p<0001), whereas the mcdence of S\
infections was not significantiy different tn the
groups

Surinal Tume Related 1o Presence or Absena
Catheter

Fig 3 shows the survival times of rabbits
died spontaneously of endocarditis and the nurt
of surviving rabbits sacnficed 28 days ¢
challenge The number of early deaths (i e surv
time <12 days) 1s sigmficantly higher 1n rat
with an indwelling catheter (14/27) than 10 ¢
lacking a catheter (1/15) (p<<0001) Most of
rabbits with an idwelling catheter which surv!
for 28 days stll had infected vegetations ¥
most of those without a retained catheter had st
vegetations or macroscopically normal valve |
lets This 1s particularly true for rabbits challen
with the moderately serum resistant stram SM 1

Appearance Weight and Bacteriology of Vesetal
Distribution of vegetations was different
rabbits with and without an indwellng Gt
during the expenimental period Rabbits withot
catheter had their vegetations chiefly on the 20
valve leaflets, while rabbits with an wndwel
catheter also had large vegetations outside the 20
valve leaflets, 1 e on the wall of the zorta and alt
the catheter on the wall of the left ventricle It %2
regular feature that only one or two of the
aortic valve leaflets was affected and that
vegetations rema tted to the ongin



%i
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24 Mean weight (mg) of wfected vegetations 1
Sbas succumbed spontaneously or sacrificed at the
e ndcated The results for the non sactificed groups
"t plotiet agamnst the mean survaval ume 12 4 days &
brs with an dwelfing catheter O rabbuts without
7 minelling catheter

Teced area. da dissunifanties were abserved m
he consistency or friability of 1nfected

imoculated with SM 55 and with SV 104 Sunving
rabbats sacnificed on day 28 of the expenmental
periad show ed considerable vanaton 1n the number
of CFU indicating different stages 1 the mfectious
process (Fig 5) The mean number of CFU/g
vegetation on days 1, 2 and 3 after challenge was
10675 10877 and 10°90, respecuvely i rabbits
with an mdwelling catheter, indicating the rapid
development of the infecuon In rabbus wnhout an
indwelling catheter a result of 104%% CFU/g
vegetations was recorded on day 1 after challenge
ie sigmficantly different (p<0 005) from the level
of CFU 1 rabbuts with an indwelling catheter

wth dfferent strains  Visible destruction of valve
aaflefts %as not recorded
Vegetations were found 1n all rabbis with an
ndwellng catheter but only 1n 23/50 of those
thout Al rabbns challenged with the serum
“asune stram CDC Q13 had sterile vegetations
@ean weight 76 2 mg (SD 89%) The weight of
ened vegetanons was found to be sigmificantly
tgher m rabbus with an indwelling catheter at all
ot dunng the post-exposure period than
Bois where the catheter had been removed (Fig
4 There was no sigruficant dufference between the
g of vegetations 1n rabbuts infected with SM
32d 1n those mfected with SM 104 The bacterial
€Sty 10 the vegetations of rabbits that sponta
sously succumbed to endocardius was high The
@n number of CFU 1n rabbits with an indwelling
eter was 1099/g vegeration and 0 those
Rhout 1t was 10197/g The tevel of CFU s the
“getaons was not sigmficantly different 1n rabbits
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The vegetations consisted of an amorphous
eosmophilic mass with dispersed swgle granulocy-
tes mononuclear cells and aggregates of bactena
occurring as oval or aircular rings The density of
‘bacteria observed was very high i all vegetations
on the aoruc valve leaflets From vegetations
outside the zoruc valves the foct of bacteria were
small or lacking and the tendency towards endothe
halization was usually most pronounced here No
clear<cut hustological differences could be observed
between vegetations 1nfected with the proteolytic
stramn SM 104 and the non proteolytc stramn SM 55

Quanntaine Blood Culture

The nine non-operated rabbits i group 11l were
observed for circulating bactena wn the blood stream
1 10 9 days after challenge by taking daly blood
specmens  None of the rabbits moculated with the
serum sensitive strain CDC 013 had posiine blood
cultures In the majonty of rabbits inoculated with
SM 55 and SM 104 posiuve blood cultures but
only few bacteria per ml were observed during the
first 4 days after challenge but not later

From the rabbuts pretreated for endocarditis
47 3% of 1354 blood specimens were bacternologi
cally postive None of the rabbits imoculated with
CDC 013 had posrve blood cultures during the 28
urys or"tle experimentar period’ In rabbits with an
udwelling catheter mocutated with SM 55 or SM
104 posiuve blood samples were recorded
516% (261/506) while in catheter free rabbits
only 38 2% (230/608) were posiuve Furthermore
rabbits with an wdwelling catheter that died
spontaneously of endocardsis had more posiive
blood cultures {197/290~ 67 9% ) than those with
out a catheter (170/287~59 2%) Sipmficam dif
ferences could not be demonstrated between groups
of rabbits moculated with SM 55 and SV 104

The tevel of CFU/m) blood was between 10 and
100 1n the majonty of positrve blood cuttures High
pumbers of bacteria 1 e at the level of 103 or 104/
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TABLE | Inetdence (Ratio Infected Challenged Rabbus) of Experimental Serratia marcescens Endocarditis in Ra
at Indicated Time after Challenge

Rabbut Infecting Rabbits sacnficed after Rabbuts dead Rabbits

group stram y sacrificed Total
1 day 2days 3 days before day 28  after day 28
1 SM 5§ 5/5 515 4/5 12/12 6/8 18720
Catheter SM 104 5/5 515 5/5 15/15 4/5 19/20
insitu CDCOo13 ND ND ND None o/10 0/10
Cat:,l SM 55 3/5 ND ND n/m 4/9 15/20
umo’y’:{; SM 104 /5 ND ND 474 116 5120
ND = not done

strain SM S5 The sigmificant differences are
apparent after 5 mun and then persist practically
unaltered during the 120 min observation period

Incidence of Endocardins Related to Presence or
Absence of Catheter and Characteristics of the
Infecting Strans

Left-sided sterile endocarditis was wnduced 1n 130
rabbits The establishment of bacterral endocarditis
after challenge was confirmed by 1solation of §
marcescens from the vegetations or by histological
exammation In group [ a high madence of bacterial
endocarditis was recorded n rabbuts infected with
the highly serum resistant strain SM 55 and with
the moderately serum resistant stramn SM 104,
while none of the rabbits challenged with the serum
sensitive stram CDC O13 developed 1nfection
(p<<0 001) (Table 1) In group II the mcidence of
bacterial endocarditis was 3 out of 5 due to both SM
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55 and SM 104 one day after challenge How:
PR [P

104 than due to the more resistant stran SM
The different incidence of endocarditis due 10
104 1n groups I and II 1s highly sigmfi
(p<<0001), whereas the madence of SM
infections was not stgmficantly different n the
groups

Suninal Time Related to Presence or Absent
Catheter

Fig 3 shows the survival times of rabbits
died spontaneously of endocarditis and the aur
of surviving rabbis sacrificed 28 days ¢
challenge The number of early deaths (e sun
ume <12 days) 1s significantly higher rat
with an tndwelling catheter (14/27) than m U
lacking a catheter (1/15) (p<0 001} Most of
rabbits with an mdwelling catheter which surv
for 28 days sull had infected vegetations ¥
most of those without a retatned catheter had st
vegetations or macroscopically normal ralbe |
lets This 1s particularly true for rabbits challer
with the moderately serum resistant strain SM 1

Appearance W eight and Bactertolog of Vegetal
Distribution of vegetanons was different
rabbits With and without an indwelling cath
during the expertmental period Rabbits witho!
catheter had their vegetations chiefly on the 20
valve leaflets, while rabbits with an mdwell
catheter also had large vegetations outside the a0
valve leaflets, 1 e on the wall of the aorta and al
the catheter on the wall of the left ventricle Jt W:
regular feature that only one or two of the th
aortic valve leaflets was affected and that
vecetations remamned limited to the orngmn:



ur resulfs are n agreement with observations
¢ m buman mfections which show that

ment of small new vessels and proliferaung
fibroblasts and probably also fibrinolytic action on

maemic § strains are

m resstant (15) although »delayed serum
e strams 1solated from the blood stream
been described recently {16) The influence of
catheters was emphasized by Wilfert et
17 wbo found that 1n 44% of 39 episodes of
S marcescens b the mdwell

the y serum factors as described
earlier {8) The extent of these latter processes is
the rapid
(4-10 days) of the stertle vegetations developed after
3 days with catheter i1 suu
The role of the indwelling catheter during the

1 %as the probable portal of entry
% presence of an indwelling catheter in the
nmental model led 1o continuous enlargement
3 Yegertions not onfy at the aortic valve
s but also along the catheter below and above
fahes (8) The histological appearance of the
¢ Vegetations 1n the rabbuts pretreated for
@lts bowever 15 different on the aortc
¥afles and outside these as earlier described
wdiczting that wbactersal aggregation and
1 m these two types of vegetations might be
ma Later mvestgations of the spontaneous
ol S faecals (9 10) and the present
Ugton of S marcescens endocarditss seem to
f these early observations The histologreal
EonS showed that the density of bacteria
1Y fugh 1n all vegetations on the aortic valve
& but oly small focs of bactersa were found
Jethe valves Quantitative cultures showed ten
verat hundred umes difference 1n bactersal
7 m these two types of vegetations (unpub
Iwork) Simitar cbservauons were published
Uy by Francioh & F reedman (6) who compared
tenal density of Streptococcus sanguis m the
ons of aoruc and tricuspid valves with
. In different parts of the vascular system
UBeheart The lower mean number of CFT1/

¥

;A A wus way vegetations from different sites
h different bacterial density will influence
‘ean value

erole of the catheter during pretreatment (8 9)
"y mechamical The later adhesion of bacteria
{ Yegetations and the development of tnfection
e place without the presence of the catheter
émm act a5 small foreign bodies and their
iwm Iead to continued deposition of fibrin
. rom| thus increasing the syze of
bons The actual extension of vegetations may
¢ result of a subtle batance between forces
nag a deposition of fibnn ang thrombocytes
ther forces provoling a diminution of the
tons such as mechanscat Separation of smal}
S organtzanon of the Vegetations by develop

o

process Is not limited to 1ts mechamcal
effect It probably influences the physiological
processes in 1is proximity thereby upsetting the
balance between the forces involved and resulting in
delayed recovery Our results demonstrate that an
indwelling catheter will affect both the frequency of
mfection establishment and the outcome of the
endocarditis The higher incidence of endocarditis §
day after challenge the higher weight of vegetations
and the higher number of CFU/g vegetation 1n
rabbits with an indwelling catheter compared with
those without a catheter may be due to a more rapid
covenng of both bactena and catheter with fibrin
which affords protection against humoral and
cellular defence mechamisms These phystologrcal
changes induced by the catheter are probably also
responsible for the signuficantly hugher incidence of
early death n rabbits with an indwelling catheter
Thus the course of tnfecuon will be acute and
severe

Altogether the results show that an indwelling
catheter contributes to the marntenance of an
infection which would take a significantly different
course without the catheter depending on the
degree of serum resistance of the infecting strains
Therefore 1t 1s our opmion that an expertmental
model using an indwelling catheter 15 not 1deal and
should not be used indiscniminately

We are indepted 10 Dr N Christensen Department of
Pathology Frederiksberg Hosptal  Copenhagen for
preparing the histological slides of endocardial vegeta
tions of rabbit hearts and X L Fennesrad \ M D
Statens Serumunstitut, for provision and marntenance of
therabbits Wethank Mrs U 4 § Petersen and Miss K
Florén for technicat assistance

This study was supported by grants from the Danssh
Heart Foundauon and the Nordic Research Courses
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ml blood occurred intermuttently, such values were
without predictive importance for the time of
spontaneous death The level of bacteraema n
rabbits which died spontaneously of endocarditis
was slightly elevated termunally, but there were no
signs of an overwhelming generalized infection

Spleen

In 33 rabbits without evidence of endocarditss (28
days observation), the mean weight of the spleens
was | 18 g (SD 35%), je sigmificantly lower than
tn 57 rabbits with infected vegetauons (2 39 g, SD
83%) No significant differences occurred between
the spleen weights of rabbuts toculated with SM 55
(mean 2 36 g) and SM 104 (mean 2 41 g} A spleen
weight > 2 g was found 1n 34/57 rabbits (59 6%)
with infected vegetations, but only 1n 1/33 rabbits
without signs of endocarditis Splenic infarction was
recognized 1n 3/130 rabbits

Kidneys

In rabbits with an indwelling catheter and
evidence of bacterial endocarditis, 69 out of 78
kudneys {88 %) had one or more infarcts, while 1n
rabbits lacking an indwelling catheter, 24 out of 40
kidneys (60%) had mnfarcts There was no signifi-
cant difference between groups of rabbus infected
with SM 55 and with SM 104 The incidence of
lasge mfarcts (210 mm?) was slightly higher
rabbits nfected with SM 104 (34/41 infarcted
kidneys) than 1n those infected with SM 55(33/51)

Other Organs

The weights of the hearts were not sigmficantly
different 1n rabbits with infected vegetations due to
SM 55 and SM 104 (28 days observation) The
mean weight of hearts 1n all rabbits with evidence of
andasatdss was 9239 (8D 4% 57 ahserxa-
tions), while 1n all rabbits without evidence of
endocarditis 1t was 8 30 g (SD 24% 32 observa
tions)
Focal infectious processes (except for the kidneys)
yielding growth of § marcescens were seen as
subphrenic abscesses or abscesses 1 the liver 1
4/130 rabbits Three rabbits had neurological
symptoms with paralysis of their legs Pericardial
effusion of 2-5 mi was found w 50/130 rabbrs
while pleural and pemone:l ;ffuswns more than a

were seldom recorde

re“}l(;;{ms with heavily infected vegetations (Z10%
CFU/g) nearly always had posve blood cultures
termunally and also heavy growth of § marcescens
from the spleen, liver, kidneys and, to a smal(l)er
extent, from the lungs and mesenteric gland; 32
the other hand, rabbis with shghtly infect

vegetations (<10° CFU/g) had negatve blood
cultures

termmally and no growth from the organs
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DISCUSSION

The three S marcescens strams used to pr
endocarditis varied 1 two characters degn
serum susceptiblity and proteolytic capactty H
ver, pathological and chnwcal data indicati
separate effect due to the proteolytic capacity ¢
strains were not obtamed This was 1
since 1t had earlier been shown by us (10)
proteolytic strains of Streptococcus faecalis pi
ced a more severe and acute course of endoca.
characterized by a shorter survival ume a
higher degree of bacteraemia with small amour
soft, friable vegetations i the left side of the |
and a large number of kidney infarcts than
proteolytic stramns, probably as a result of pc
dissolution of fibrin in the vegetations Why
very strong n vitro proteolytic acuvity of th
marcescens stran SM 104 was not appasent :
vivo conditrons 1S not clear, theoretscally tt migl
due 1o a blocked production of proteases insid
vegetations or inhibition of native protease 1n.
tors of rabbit plasma The latter possibility f
support 1n the work of Hochstrasser et al
where 1t 1s shown that the proteases of Pseudon
aeruginosa strains are practically completely in!
ted by human and animal a;-macroglobulin
The different rates of infection and spontant
death observed 1n our experimental model o
marcescens endocarditis appear to be due to
effect of the serum bactericidal system In rab
with an indwelling catheter none of the amn
could be infected with the serum sensiive str
whereas nearly all rabbits were mfected with
maderately and the highly serum resistant stra
This 15 mn accordance with Archer & Fekely s
ahservatan that serum senstive strans of Pseu
monas aeruginosa fatled to mfect sterile vegetatic
m their rabbit model of endocarditis using
indwelling catheter during the experimental peric
Similarly, using seven serum fesistant and sev
serum sensitive strawns of Escherichia coft Dura
& Beeson {4) showed that the ability of the strains
establish endocardial infections was directly associ
ted with the resistance to the complement mediat
serum bactericidal system Experiments with 1l
serum resistant S marcescens strains showed th
rabbits infected with a highly resistant strain had
1y higher mcid of 15 (75%
than those infected with the moderately serw!
resistant stramn (25%) Such a difference could onl
be demonstrated m rabbits with no mdwellin
catheter during the experimental period and thert
fore an indwelling catheter must be assumed to b
able to camouflage mmor dilerences in serun

susceptibility




a1 results are 1n agreement with observations
@ buman mfectons which show  that
remiec § marcescens strams are gnvariably
ressant {15) although ndelayed serum
tven Straizs tsolated from the blood-stream
deseribed recently (16) The influence of
ng catheters was emphasized by Wilfert er
1 wbo found that 1n 44% of 39 episodes of
05 marcescens the indwell

ment of small new vessels and proliferating
fibroblasts and probably also fibrinolytc action on
the vegetations by serum factors as described
earlier {8) The extent of these latter processes 15
underlined by the surprisingly rapid disappearance
{4-10 days) of the stenile vegetations developed after
3 days with catheter i situ

The role of the indwelling catheter durning the

“r % the probable portal of entry
¥ preserce of an mdwelling catheter 1n the
mental mode] led 1o Contmuous enfargement
& vegeutons not only at the aortic valve
,butalso along the catheter below and above
5 (8) The hustological appearance of the
¢ Wgtalions 10 the rabbus pretreated for
@its however 15 different on the aoruc
:h(!(ns and outside these as earhier described
B30 that sbacterral aggregation and
b these o types of vegetations might be
e mestiganons of the spontaneous
oS foecals (9 10) and the present
08 of S marrescens endocardius seem to
¥ e ealy observauons The histological
:mui‘ns showed that the density of bacteria
:!lmxh 1 all vegetations on the aortic valve
km‘:ﬂy small foct of bacteria were found
- hu“d: Quantiative cultures showed ten
i lh;rad umes difference i bacterial
Iho & 0 types of vegetations {unpub
byFoy miar observations were published
g de::wh & Freedman (6) who Compared
ons of a‘r’ty of Streptococcus sangwis i the
Ilmnsmmrrmc and tricuspid valves with
Stebog ‘t_r;m Parts of the vascular system
P ¢ lower mean number of CFU/
oy E!huud I our study 1 rabbits with an
ey 16T compared with those without a
Ty ag p:o';vnsequence of the practice of
_ g all vegetations from an
Iy “-‘mﬁmy Vegetauons from different sites
P density wil) 1nfuence
#Tole of
i mx:.m%,“ dunng pretreatment (§ 9
[ vionlt ¢ later adheston of bactena
et o the development of infection
- as"“‘ the presence of the catheter
Ay \ad losmu foreign bodies and thetr
E’““% <onunued deposition of fibrin
. thy
dtong 0 US increasing the sue of
gy utm EXtension of vegetations may
. .dq»: Suble alance between forces
gy o oo 08 of fibrin and thrombocytes
Tons :mohng 2 diminution of the
N Wmmm:m“?l separations of small
e egetatons by develop

fe process 1s not hmited to its mechanical
effect It probably influences the physiological
processes 1n its proximuty, thereby upsetting the
balance between the forces involved and resultng in
delayed recovery Our results demonstrate that an
indwelling catheter wall affect both the frequency of
infection establishment and the outcome of the
endocardiis The higher inaidence of endocarditis 1
day after challenge the higher weight of vegetations
and the higher number of CFU/g vegetation 1n
rabbits with an indwelling catheter compared with
those without a catheter may be due to a more rapid
covermng of both bactena and catheter with fibnn
which affords protecion 2gatnst humoral and
cellular defence mechanisms These physiological
changes 1nduced by the catheter are probably also
responsible for the significantly higher incidence of
early death 1n rabbits with an mndwelling catheter
Thus the course of infecion will be acute and
severe

Altogether the results show that an mdwelling
catheter contributes to the mantenance of an
1nfection which would take a siguficantly different
course without the catheter depending on the
degree of serum resistance of the infecting strains
Therefore 1t 1s our opuuon that an experimentat
mode] using an mdwelling catheter 1s not ideal and
should not be used indiscnminately

We are indepted to Dr N Chrisiensen Depariment of
Pathology Fredenksberg Hospital Copenhagen for
prepaning the histological slides of endocardial vegeta
tions of rabbit bearts and K L Fennestad V M D
Statens Serummnstutut for provision and maintenance of
therabbits Wethank Mrs U/ 4 S Pefersenand Miss K
Floren for technical assistance

Thus study was supported by grants from the Damsh
Heart Foundaton and the Nordic Research Courses
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THE GLUTARALDEHYDE-FIXED CYTOCENTRIFUGE-
PREPARED URINE SEDIMENT IN THE EVALUATION
OF URINARY TRACT INFECTION

The Sigmificance of Pyura

BO NORBERG ASTRID NORBERG and HANS GIPPFRT

Depanment of Internal Medicine Umversity of Lund Saint Lars Hospital 1und Sweden

®eg B Norberz A & Gippert M The glataraldehyde fixed cytocentriluge prepaced urine
“Tenl n the evaluaton of uninary tract mfection The significance of pyuria Acta path microbial

M S B 8% 217219 1980

Mg anibiot¢ treated wrmary tract infection in non-Catheterized germalnic inpatients bacteriuria
#pared within 1-2 days Pyuriz on the other hand disappeared within 4-7 days  Afier

Mrawal of anubion
12g between bacte:

ic therapy bacteriunia reappeared quicker than pyuriz It 1s suggested that the
TIuria and pyuria 1s due 1o the fact that bacteriuna reflects bacterial ipvasion inter

u
iy wact whereas pyuria reflects the inflammatory response of the urinary tract

Yhords Uninary tract mlecyon bacteniuria pyurta urine sediment

N
Ottt Deganment of Inernal Medicine University Hosgntal § 901 85 Lmed Sweden

£l
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:::,:;3“‘ uriwe sediment 1s distnguished
1o g ‘Y and poor validity The back
oy m"ﬁ:;ame i complex The marn fac
P < the urine sediment are varying
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558 et 15 gyfeey 1,
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e weaknesses of the
¥ the development of

= Tine preparation This
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™Tedinre
o mw; Tton with glutaraldehyde cyta
s 0 and Contrasting with routine

[

Seng
S8 of Woary trat wfecyion (UTT)

2 Marter of
Csugy croldipue (i 3 4 9) The
y B duadace e enuree

and role of pyuria 1n bacierl UTIs of non
catheterized geriatric inpatients by means of the PQ
urine sediment

MATERIAL AND METHODS

This study was conducted on 30 consecuyve non
catheterized m pauents from the psychogeriatrc wards
of Sant Lars Hospual n Lond The patients were
admutted to the Depariment of Internat Vedicine hecause
of chincal symptoms of LTI hacteria and/of leukocytes
m 2 convenuona! grine sediment and & posiuve routine
quanutative unine cutture Prior (o the urine sampf ng
e onificum of the urethra was cleared wu't sterle
saline The control samples prior o antib otC trearment
were deivered as two fon morsing midstream urine
samples with an interval of two Fours The unre was
collected 1n a sterile plastic tube and thorounly shaken
Then 0 { ml orine was prpened to 2 glass he w th 0 9
ml 2% glutaraldehyce i 0 134 Mf phosphate huffir pH
74 The patents were allocated at rancom 1o oukle-
blind treatment wirh prvmestttinam HCl 200 mg 1 ames
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and pyuna reflect entirely different
th correlated  phenomena  The bactertuna
ats the bacterna] invasion 1nto the urimary tract
pyuna reflects the inflammatory response of
naary tracy
be present observations on the relation between
wmna a0d pyura are m agreement with the
a1l model of a primary bacterial infection and a
odary inflammatory response of engaged tissue
ssguficance of bacteriura and pyuria has no
% been recognized by many chmcians The
“preaation of varsous combinations and magm
s of bactenuna and pyuna has nevertheless
15.byect to keen mnterest from previous workers
V3 49) The contribution of the present study
i the time course of bacteriuria and pyuria in
treated UT] has been mapped by means of
Thanent quantitative urine sediment
eclmeal implications of the present study are
Buteruna without pyurra should nat be
L m the absence of imperative clinical symp
'E the patent seems not to be hurt by this
:’:e invasion since there 1s no inflammatory

'
n:’ﬂun:m of 2 UTI may lead to a stenle
“huch Wl disappear spontaneously
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daily, or the combination prvmecilinam HC! 100 mg
and pwvampicillin 125 mg 3 times daily, for 7 days
Urine was sampled for the PQ sediment on days 0-7, 9,
24 The glutaraldehyde-fixed unne was kept under
refnigeration for 1=7 days before the preparation of the
slide specimens The slide preparations were obtained by
means of a cytocentrifuge (Shandon Elliot CytospinR),
1000 rpm, 10 mimutes, 02 ml glutaraldehyde-
suspended urine, double preparations from each sample
One of the twin preparations was starned according to
May-Grunwald Giemsa, the other by means of hematox-
yhin-eosin The cells and bacteria were counted 1n a Zetss
Photoricroscope a1 X 1,000 magnification along 2
diameter of the preparation (52 visual fields) and
converted nto corpuscles per pl urme 1 the onginal
sample, as described 1n a previous study (5) The twin
preparatton with the highest cell count was taken to
represent the cellulanty of the urine

RESULTS
There was a time lag between the bacterturia and
the pyuna m both the mecillinam-treated group of
patients (Fig 1) and the combination treated group
of patients (Fig 2) The bacteriunia disappeared
completely within -2 days of antimicrobial the-

— 106 LEUKOCYTES/1L URINE
~-~ 10G BACTERIA/JL URINE

4k
ANTIBIOTIC TREATMENT
——— —

-

0
2F
‘l...

Days

nd pyuna

he tme lag between bacteriuria 2
- namt treated urnary tract infectton n 15
indwelling catheters Median

Fig
during mecily
genatric mpatents without
values 1= 10 cells/pl unne

278

rapy The pyuria was reduced more sfowly an
approached insigmificant levels, 10 cells/yl urine, o
day 4 (Fig 2) and day 7 (Fig 1), respectively
Bacteriuria reappeared quicker than pyuria afte
withdrawal of antimicrobuals (Figs 1, 2)

DISCUSSION

Genatric 1npatients of the present type, witl
varying degrees of dementia and urmary inconit
nence, have a tendency (0 acquire recurren
bacteriuria, often without signs and symptoms o
UTE The present study by means of the PC
sediment elucidates the correlation between bectert
uria and pyuria i these patients

There was a time lag between bactertuna anc
pyuria, evident both at the beginning and at the enc
of UTI (Figs 1, 2) Bacteriuna disappeared quicke!
than pyuria during antimicrobral treatment anc
reappeared quicker than pyuna after withdrawal of
treatment

1t 15 reasonable to assume that the time lag
between bacteriuna and pyuria m the course o
antibiotic-treated UTI (Figs 1, 2)1s due to the faq
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Fig 2 The ume lag between bacteruria and pyura

during urmary tract mfection treated with the combina
tion mecillinam ampicilin 1n (5 genatric inpatents

without mdwelling catheters Median values 1 =10

cell/pl unne



sactenuria and pyuria reflect entrely different
ih correlated phenomena The bacterwuna
1 the bacteria] 1nvaston into the yrninary tract
pyuria reflects the inflammatory response of
anary tract
¢ present observations on the relation between
nuria and pyuria are 1 agreement with the
1cal modet of a pramary bacterial infectton and a
wdary inflammatory response of engaged tissue
s gmficance of bactenuria and pyuria has no
4 been recognized by many chimcians The
pretaton of vanous combinations and magni
s of bacteriuria and pyuna has nevertheless
subject to keen mterest from previous workers
13 49) The contribution of the present study
at the tme course of bacteriunia and pyuria i
swie-reated UTS has been mapped by means of
ranent quantitative urine sediment
be chmucal implications of the present study are
Baeruna without pyuna should not be
124 1 the absence of imperative climical symp
$ U petient seems not to be hurt by this
:ﬂﬁl ivasion since there 1s no inflammatory
ase

Treatment of a UTT may lead to a stenle
fa which wil] dsappear spontaneously
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daily, or the combination privmeciliinam HC1 100 Mg
and pwvampicillin 125 mg 3 times daily, for 7 days
Unine was sampled for the PQ sediment on days 0-7, 9,
24 The glutaraldehyde-fixed urnne was kept under
refrigeration for 17 days before the preparation of the
shde specimens  The shide preparattons were obtained by
means of a cytocentrifuge (Shandon-Elliot CytospinR)
1000 rpm, 10 mnutes, 02 m! glutaraldehyde.
suspended urine, double preparations from each samplg
One of the twin preparations was stained according to
May Grunwald-Gremsa the other by means of hematoy.
yhin-cosin The cells and bacteria were counted in a Zergs
Photomicroscope at  x 1,000 magmfication along 2
diameter of the preparation (52 visual fields) ang
converted tnte corpuscles per wl urme tm the origing]
sample, as described 1n a previous study (5) The twip
preparation with the highest cell count was taken to
represent the cellulanity of the urine

RESULTS

There was a time lag between the bacteriuna and
the pyuria n both the meciflinam-treated group of
patients (Fig 1) and the combination-treated group
of patients (Fig 2) The bacteniuria disappeareq
completely within 1-2 days of antimicrobal the.
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DISCUSSION

Geratric mnpatients of the present type, wit
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bacteriuna and pyunia reflect entirely different
sh corelated phenomenz The bactenunia
15 the bacterzal mvaston snto the urinary tract
pyuna reflects the mflammatory response of
mnary trach
1 present observations on the relation between
'mina and pyuria are in agreement with the
xal model of a primary bactersal mnfection and a
wdary flammatory response of engaged tissue
-significance of bacteruna and pyuna has no
o, been recognized by many chmcians The
‘Preiation of various combinations and magm
s of bacteruna and pywna has nevertheless
15ubject to keen interest from previous workers
13 4 9) The contribution of the present study
2t the ume course of bacterturia and pyurta n
biotctreated UTT has been tmapped by means of
“manent quantitative urine sediment
‘beclincat implications of the present study are
Butenuna without pyuria should not be
o the absence of imperative chmcat symp
5 the paent seems not to be hurt by this
x Invasion since there 1s no inflammatory
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A PROTEIN ANTIGEN CHARACTERISTIC OF
BRANHAMELLA CATARRHALIS
Serological Identification of the Genus

INGVAR ELIASSON

Department of Medical Microbiofogy Unnversity of Lund Sweden

sson [ A protein anugen of B 1 of the
s Aca path microbiol scand Sect B 8% 281-286 1980

0p tation patterns of somcated acid-extracted and other extracts from Branhamella catarrhalis were
47ned by double diffusion 10 gel technique using antiserum to B catarrhalis Acid eviract gave fise
4 distnct preespuaates One of these hines was further studied The bacterial component responsible
" this line %as trypsin-sensttive indicatsng that 1t was a protein It was anodally locatized by crossed
nmunaclectiophoresis By absorption of anuserum with whole bacteria the precipuatmg capacity of
© serum was diminished suggesting that the proten antigen (P antigen) was exposed on the bazterial
iface Flab Infragments of 15G from antiserum but not from norma) rabbit serum  precipitated the
antgen indicaung that  was a true antigen anubody reaction It was possible to make an 1gG
“aton monospecific for the P antigen by absorbing anuserum with typsioized bactertal extract
! stans of 8 cararrhatis 9 swams of N gonorrhoeae 10 swains of N pningudis 12 other
s%na spp and 2 strams of H influen-ae were investigated for presence of cross reacting surface
Meens using TG monospecific for the P antigen and '25] labelled proten A from Staphs fococcus
ureus After anubody exposure alt 31 strawns of B catarrhahs showed ahundaat uptake of protein A
 $guficant upuake was detected on any other invesugated swram Mence the P antigen appears 1o be
peacersu of B caiarrhalis The possibility of a serological idenuficaion of the species s
(‘:““W Precipitatng antibod:es agamnst the P antigen were demonstrated in 69% of normal human

Y words Branp, warshal

anugens protewn A

Elason Depariment of Medical Microbrology Sohvegatan 23 § 223 62 Lund Sweden

\-‘“Ii‘r]/:;v 80 Accepied 19v180

h“r"““ former name Aeisseria catarrhalis  view of B casarrhalis as merely beng a harmless
new gcnm ‘2 new genus Branhamefla (3)  saprophyte of the upper respiratory tract A
Anan of s "5 Proposed on the basis of | pathogenic role of this bacterium has been indicated

A base content beiween B
"

1':4:';! Wetype species of genus Aerssera and 6
s eTIa species.

“xzmder: elzll emielope protens (17 and
e : "Popoly saccharides (7) also indscate
onen edeuen.sne differences of cellutar
b and“l‘\ physiology between the genus
Tty the new genus Branhameltq

TePOnS, published during the last

her commonly held

Hanl

m acute otitis media (4 8) maxdlary smwus (2)
chronic bronchitis and bronchopneumonia in the
compromised host (14) and acute laryngitss m the
adult {18} Case reports concerning bacteremisa with
menngius have also heen published (5)

The present report concerns a protemn anugen
from B catarrhalis characterisuc of this species
This antigen could be precipitated by a majority of
sera from healthy human individuals by
the double difTusion 1n gel technique
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MATERIALS AND METHODS

Bacterial Strains

Twentymne B catarrhalis Stramns  1solated from
clinical specimens  were 1dentified as described by Berger
() N spp N flavescens ATCC 13120 N subfiava
ATCC 11076 N flava ATCC 14221 N perflava ATCC
10555 N sicca ATCC 9913 N cams 14687 N caviae
ATCC 14659 N cinerea 194 (U Berger 1973) N ous
ATCC 19575 N mucosa ATCC 19598 N hemolysans
ATCC 10379 N gonorrhocae ATCC 11688 11689 SS
11413/40 19827/40 N lactamicus ATCC 23970 and
Branhameila catarrhalis ATCC 8193 NCTC 4103 were
kindly supplied by Dr I Lind Statens Seruminstitut
Copenhagen Denmark and N spp N menmngihds
typesA B C D XY Z W 135 29E N gonorrhocac
670 wd 670 gr P9 wd P9gr KHJF6 (W/I) N
lactamicus N sicca N subflava by Dr D Damelsson
Regionsyukhuset Orebro Sweden Two H wfluenzae
strains one type b with capsule and one not typed
without capsule were 1solated from clinical specimens 1n
our laboratory

The stramn listed as N srcca ATCC 9913 did not
correspand to the fermentative cniteria described for N
sicea This strain had smooth colontes and could not
utilize sugars The strain should probably be considered
asastran of N caviae This observation has been made
ndependently by others (16)

Condutions for Cuitnanon

For antibody binding experiments (see later) N
menngtitdis and N gonorrhoeae were cultured on GAB
medium agar plates (13) at 37°C 1 an 8% CO;
atmosphere The bacteria were harvested using sterile
cotton swabs washed and suspended 1n PBS (phosphate
buffered sahne 003 M phosphate 0 12 M NaCl pH
72+002% Naand) The other Neisserra spp and the
B catarrhals strans were cultured in 5 ml Todd Hewtt
broth for 18 h at 37 °C under agitation washed and
suspended in PBS H influen-ae strains were cultured on
AenraT agar plaes &y aduve

Extraction Procedures
For extraction by sonication 300 ml of Todd Hewitt
broth was inoculated with a 5 ml overnight culture of the
strain to be mvestigated and incubated for 18 h at 37 °C
on a rotaung platform shaker operating at 120 rev/min
The N gonorrhoege stramns were culuvated on 2 GAB
medium agar plates each and the ¥ ;nfluen-ae strains on
each 2 hematsn agar plates these strams were harvested
as described above Cells were recovered by centrifuga
tion for 20 mn at 3000 g washed twice and suspended
in S mi of PBS Sonication lasted 15 mmat 4°Cina
Somfer B 12 somwcator {Branson Somc Power Co
Conn USA) The cell [ree supernatant obtained after
centrifugation [or 30 min at 3000 g was kept at 20 °C
untit used Hot acid extraction (as used by Lancefield for
extraction of streptococcal antigens (9)) was prepared
from 10 one litre Todd Hewit broths 1n baffled Easks
1 which the bactenia were cultured for 18 hat 37 °Con
a platform shaker operating at 120 rev/min Cells were
recovered by continuous centrifugation at 5000 g
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washed three times 1n salme ©09% w/v NaCl
aq dest ) and suspended t 100 ml of saline The pHv
adjusted to 20 with 1 M HCl The suspension v
heated for 10 nun 1n a borling water bath cooled on
and pH readjusted to 7 0 with | M NaOH The cell
suspension obtained after centrifugation for 30 mun
3000 g was stored at —20 °C until used as acid extra
Hot neutral (pH 7 0} and hot alkalme (pH 10 0) extra
of B cararrhalis strain 235 L were prepared
procedures similar to the hot acid extraction except !
the different pH when boiling In some experiments 1
acid extract or an intact bacterial suspenston was diges:
with trypsin (SIGMA Chemecal Co USAT 1% (ws
for 1 h at 37°C The reaction was stopped by adds
soya bean trypsin inhibitor (SIGMA)} 1% (w/v)

Sera and Immunoglobultn Preparations
Sera were raised against B catarrhalis strain 2351
three rabbits and against strain 236 E 10 one rabbit usu
the method described by Rotta et af for preparation:
streptococcal antisera (15) Porcine anu rabbut sery
1gG (heavy and light chains) was purchased from DAk
immunoglobulins Copenhagen Denmark Pooled b
man IgG batch no 70972 was purchased from KAB
Stockholm Sweden Normal human sera were collect
from 90 healthy blood donors
For preparation of Flab ), fragments of rabbit serw
1gG 5 mt of rabbit antiserum to B catarrhalss stran 23
L was separated on a Sephadex G 200 column {2 §x§
cm) equilibrated with PBS (flow rate 18 mi/h fractiot
4 5ml as for the followmg columns) Each fraction %
tested by mmmunodiffusion for presence of IgG T
fractions containing IgG were pooled concentrated to
m! using a DIAFLO pm 10 ultrafiltration membrar
{AMICON Corp USA) and dialysed agamst 007}
sodium phosphate buffer pH 6 3 The sample was the
passed on a DEAE column (22x 17 cm Pharmaci
Fine Chemicals AB Uppsala Sweden) using the sam
buffer The excluded fractions contaming IgG wet
pooled concentrated 10 S mi and dialysed against 0 1 3
SO aceeads dale git4 S Ader deamneaabion olb
protein content (1 1) the sample was digested with pepsit
(SIGMA Chemtcat Co USA) at a pepsin/IgG ratio 0
1 50 {w/v} for 15 h at 37 °C and passed on an AcA 2
column (22x 17 cm LKB Stockholm Sweden) usin
0 1 M sodium acetate buffer pH 4 5 The fractions of th
first peak of the eluton curve were pooled anc
concentrated to 5 ml Part of the preparation (0 2 mi
was absorbed with § aureus Cowan [(NCTC no 8530
1 order to remove any remaiming Fc fragments and tht
absorbed preparation was tested 1n smmunodiffusion for
presence of F(ab ); fragments
Fab fragments of polyclonal human [gG were kindly
supphed by Dr 4 Grubb Malmo
For absorption of serum with whole bacteria | ml of
serum was mixed with 0 25 g (wet weight) of bactena
and incubated for 30 min at 37 °C Cells were removed
by centrifugation and the supernatant was used as
absorbed antiserum
To prepare rabbit IgG specific for the P antigen S5ml
of pooled antisera {from two rabbits) raised agamst B
catarrhatis 235 L was mreed with 10 ml of trypsinized
™~



wact, prepared from the same strain  and
ed for 30 mun at 37 °C under mild agitation The

RESULTS

agwas removed by for 30 mun at
The supernatant was concentrated 10 5 ml using
FIO ulyafitravon membrane pm 10 and
e on a Sephiadex G 200 column equilibrated
BS The fractons contamung monomer 1gG as
trom the eluion volume and tests with ant: rabbrt
7um were pooled and used as absorbed IgG
fpoo) volume 45 ml 12 diduted V 10 1n relavon
ong nal volume}

tochem cal Methods

e diffusion tn gel was performed i 0 6% (w/
‘052 (S¢ez Kem /VE/ Marine Collowds Div FMC
(S4) PBS The plates were read after | and 2
4 +4°C a0d stuned with Coomassie Blliant

ssed immunotlecrophoresis {10) was carned out

Copme

dstie anode of plare of the 15t dimension a 3 x 45

np %as cut and the strip placed edge to edge with

iserum containing gel (1 2 or 4% v/v of antiserum
1 mm thek The anugens separated in st

:!‘lou nm‘(moed nto the anubody containeng gel
g

10 of Surface Antigen by the Use of Absorbed
cnmand ! 3] labetled Protewn A

’°Hn A was purchased from Phatmacia Uppsala
% 10 labelled with 121 as described by
iahey & Dixon (12}

¢ bactera) sty
sisgor ans 10 be investigated were heat

30 m n) washed 3 umes and suspended 1

22 3bsorbance of approximately 0 80 at 540 nm
m»;\ suspension 05 m! was maxed with 100 i
reut rAlr;G solution (see above) diluted | 4 and
i 30 min at 37°C Twa ml of, RES
e L% (4/4) Taeen 20 (KEBO AB Stockholm
:”muuls riddad e suspension submutted to
e N for 15 mimn at 3000 ¢ the supernatant
va '?d| e cells re-suspended n 05 it of PBS
”eb | tibelled protein A (1 yg) was added
o myz tncubauon for 30 mem at 37°C Afier
Scacygy T Of PBS Tween and centnfugauon the
ey In the bacterial peflets was counted The

S §
“‘MZ| zu::’\u expressed as a percentage of the

P Patterns Obtained 1n Immunodiffusion
Using Extracts from B catarrhalis and Rabbis

Annserum 10 B catarrhahs
Sonicated extract of B catarrhahs stram 235 L
was tested m double diffusion 1n gel for presence of
P using 1o B

catarrhalts

Four distinct precipitation lines were obtaned
among which the one appearnng closest to the
extract application well was more heavily stamned
than the others This line wall be referred to 1n the
following as the P line and the component respon
sible for the precipitate as the P-component

Acid neural and alkaline extracts of stramn 235
L were also tested for content of precipitating
components At Jeast three of the components
including the P-component were readdy extractable
by alt three methods as judged from experiments in
wihch nterference with complete fusion was
(hta ned whan the avieame  acpas—e S 1

- . .
) -

Flab )y-fragments of rabbt immune serum
{raised agamnst strain 235 L) — but not of normat
rabbit serum - preapitated the P-component
ndicatmg that the P line was formed as an antigen
antibody interaction

Detection of Antibodies sn Human Sera against the
P Componem

Commercial human IgG and a total of 90 blood
donor sera were examined by immunodiffusian for
presence of antibodies to aad extract of Strawn 235
L. Commercial human JgG gave mnise to two lines
one of them fusing completely wth the P line
obtained with rabbit immune serum to B catarrha
&is This lne disappeared when equal volumes of
human polyclonal Fab fragments (2 § mg/ml) and
B catarrhalis eXtract were mixed prior to testng
aganst the commercial buman IgG In all 69% of
normal human sera precipiiated the P-component
A few human sera also showed a second line which
was not firther studied

Characterization of the P Component

The P line disappeared after trypsin digestion of
hot acid extract while the other antigens were
unaffected when tested by immunodiffusion in-gel

Trypsin-digested and crude hot acid extracts were
examined by crossed immunoelectrophorests Using
this method 1t was possible to disungwish five
separate precipitation hines One line appearing only
1n untreated extract, was apparently the P ine This
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Fig 1 Crossed immunoclectrophoresis of extracts from B catarrhalis strain 235 L 4% of rabbit antserum
B catarrhalis was incorporated 1n the gel Anode to the night

Top Untreated acid extract No 3 represents the P antigen Bottom Trypsinized extract Note that precipt
No 315 absent and that the position of line No 5 15 altered towards the anode

line was anodally localized 1 the crossed immuno-
electrophoresis One other precipitating component
was altered by the trypsin digestion, moving more
anodally after treatment of the extract The other
three precipitating components of the extract kept
the same electrophoretical mobility (Fig 1)

Rabbt antiserum to B catarrhalis was absorbed
with B catarrhalis strain 235 L The absorbed
antiserum was unable to precipitate with the P-
antigen or any of the other components precipitated
by unabsorbed serum Moreover, absorption of the
serum with trypsin digested bacteria abolished all
lines formed between the extract and unabsorbed
serum

After separation of the acid extract on a Sephadex
G-200 column, equilibrated with PBS the P-anti
gen was found 1 the void volume

Investigation of B catarrhahs, Nessseria spp and H
influenzae, Using Absorbed IgG Directed against the
P-Antigen and 1251-Labelled Protein A
The extract-absorbed rabbit 1gG was tested by
for the pi of antibodtes
aganst acid extract of B catarrhals As judged by
this method, 1t was monospecyfic to the P-antigen
05 ml volumes of the standard suspenston (sec
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above) strain 235 L were mixed with 100 ul
absorbed IgG 1n various dilutions Subsequt
addition of protein A gave the following uptakes
B catarrhalis undiluted IgG solutton, 91% uptal
IgG solution diluted 12, 90%, 14, 59%, !
33%. 116 17% IeG solution diluted |4 w
used 1n the following experiments

To examine the effect of the quantity of bacter!
on the protein-A uptake the bacterial suspensic
used above was diluted 1 twofold steps and 05 1
of each dilution was mixed with 100 pl of absorbt
IgG solution diluted 14 The results were ¥
follows diluted 58%, susp
diluted 12, 52%, 14 46% 18 37%, 11
28% 132 19% 164 13% and suspensid
diluted 1 128 [0% uptake A standard suspensic
of stramn 235 L mixed with rabbit prammur
serum gave an uptake of less than 4%

The protein A uptake on anlnbodyexposf

.
longing to different types) and (2 differcat othe
Nusseria spp (one strain of each) Twostrains of H
influcnzae were also ncluded {one encapsulate,
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establish the presence of P antigen in all strams No
other strain of other species used In the study
contained P antgen as judged by this method

DISCUSSION
Extracts of B catarrhalis were found to give several
lnes 1 agamnst

Tabbit antiserum 1o B catarrhalis one of the hines
referred to as the P line was more prominent than
the others The formation of the P lin¢ between hot
tiydrochloric acd extract and Fab )r-fragments of
I¢G from rabbit immune sertm (but niot with such
fragments of normal rabbit serum) ndicated that
the P line resulted from an antigen antibody reac
tion Moreover the formation of the P line between
polyclonal human IgG and the extract was mhibited
by addition of Fab-fragments of polyclonal human
1gG to the extract These findings indicated that the
P line was probably not the result of a reaction
between B catarrhalis component and antibody
1independent of the specifiaity of the antibody sucha
reaction has been described between IgD and B
catarrhalis (6)

12D mytloma protein ¢id not precipitate with
extracts of B catarrhahs nor did it mhubit the for
mation of the P line when mixed with extract be
fore immunodiffusion {unpublished observauon)

A'B c D E

:&ﬂ B8 of 1351 fabelied protemn A to different
‘n 7 2dd 1on of absorbed IgG antibodies 10 the

’;?\;l‘nnh Prmmune serom and B cararrhalis
et mark represems the mean value of
. o0 ned with one strain
@arrhel's srans B — N memngiid s
EOOrrhede Strains D~ apathogenic
WS E - M influen.ae sirains

b and ane noy

? P

i ;n: shown 1n l-‘);a;

"ur :‘;I:G”hahs Strains ali showed an uptake in
tmm 5% SD 5 7%) while the

hed all gave less than 5% (mean
§|
“? 303 ‘1:\ Sinding of proten A The latter
Hal v gher than that obtamned with 2
o ™ préunmune serum (mean 3 §%)

mmm:!!rw Of 10 swawns of B catarrhahs

wen Of presence of P antigen by double

ut using acid extract of

ence and rabbit anuserum to

¥ this method it was possible to

—

N

without capsule) The

The trypsin of the bacterial component
(P antigen) responsble for the P lne indicates that 1t
1S & protemn

By absorption of rabbit antiserum to 8 cararrha
Iis with trypsinized extract of the same strain 1t was
possible to prepare an antiserum specfic for the P
antigen When using this absorbed serum and
radio-labelled protetn A from Staphylococcus au
reus the P antigen could be detected as a surface
anugen on the nact bactena  Stgmificant antibody
binding to B catarrhalis was detected 1n amounts of
bacterta down to |% of the guanuty of bacteria
used 1 the studies designed t0 detect P antigen
among different bactenal species In all 31 strams
of B catarrhalis 3) of Neisseria species and 2 H
influen ge strans were investigated regarding thew
capacity to bind anu P antibodtes The results
revealed an abundant uptake 1n all 3| stratns of B
catarrhalis but no sigmficant uptake 1n other
species 1ndicating that the P antigen 15 a surface
structure charactensstic of B catarrhalis

The vanable results 13-38% binding of the
Gifferent B caiarrhalis strains were not further
studed 1n this mnvestigation Among other explana
tions this might symply reflect dfferences in the

of the standard

In studies concerning the 1axon relatedness of 8

08¢



catarrhalis, the genus Neissera and other genera,
more work 1s needed to eluctdate the antigenic
relationship  Studies on extracellular antigens have
not revealed any cross-reactions between B catarr-
halis and Netsseria spectes (16) To my knowledge,
no protein antigen with characteristics simslar to the
P-antigen has yet been 1dentified

In the present mvestigation, a total number of 90
human sera were tested by immunodiffusion for the
abibty to precipitate hot acid extracts of B
catarrhalis 69% of the sera formed pr

w

ES

Coffe Jr.J D Marun A D & Booth |
Neisseria catarrhalis 1n exudate outis media
Otolaryng 86 403-406 1967

Eiston H R, Qugtey M J & Fuch D
Menngitis due to Netsseria catarrhahs Nebra,
M J June, 1970

Forsgren A & Grubb A O Many bacterial s
bind human 1gD J Immunol }22 1468~
1979

Johnson K G McDonald I J & Pern A
Studies on the celtular and free hipopolysacch

from Brank ¢ hahs Can J Min

which fused completely with the line formed
between the P-antigen and rabbit antiserum to B
catarrhalis  Precipitating antibodies agaimst not
further characterized structures in B catarrhalis
have been shown by others to be common in both
normal human sera and sera from individuals
recently infected with 8 catarrhalis (2) A pathoge-
nic role of B catarrhalis has been mdicated 1n
several studies (see above) Studies are in progress
concerning the role of the P-antigen 1n the virulence
of the bacteria, and the antibody response dufing
nfection

Identification of B cararrhalis has hitherto relied
on biochemical tests colony morphology, and
growth characteristics B catarrhalis 1s relatively
nactive biochemically, and the oxidase and catalase
production as well as nitrate reduction are characte-
nistics shared with several other closely related
microorganisms The fermentation tests for recog-
nitson of the bactena are generally based on negative
reactions A serotogical identification of this genus —
by means of 1dentification of the P-antigen — would
seem to be desirable A quick and simple method for
the serological wdentification of B catarrhalis on the
basis of the P-antigen 1s under development
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STUDIES ON THE PATHOGENICITY OF YERSINIA
ENTEROCOLITICA AND Y ENTEROCOLITICA-LIKE
BACTERIA

wergtoxun Production at 32 °C and 37 °C by Environmental and Human Isolates
from Scandinavia

GEORG KAPPERUD
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Norway

mrd G Studies on the of Yersina and ¥ fike bacteria
Zterotoxin production at 22 °C and 37 °C by environmental and human ssolates from Scandmavia
'path mucrobiol scand Sect. B 8 287-291 1980

#etber 412 strains of Yersinua enterocolitica and ¥ enterocol nca hike bacteria from environmental
humen sources were examned for theyt ability 1o produce enterotoxit at 22 °C and 37 °C using
fant mouse assay A total of 73 strams were pasitve at 22°C oaly Another 28 strains were
/e both 3t 23 °C and 37°C Of these 28 strains 26 were sucrose and aesculm non fermentng
A were Voges Proskauer negattve Al of these strams were isolated from pon human sources All
W3 Strams belonging to O serogroup 28 produced enterotonn at 37°C The results indicate that
oloun producuon at 22 °C 15 widespread in ¥ enferocolinica with the highest prevalence among
20 chincat 1olates Emterotoun producuon at both 22°C and 37 °C seems 1o be commen m ¥
#msens {sucrose non fermentors) Enterotoxin producuon 1s apparently rare w ¥ frederiksenif

1mnose fetmentors) and 1n ¥ intermed o (thamnose and melibiose fermentors)

Y¥otds Yersnia enterocol nca enterotoxtn

Kamperud Norwegian Defence Microbrological
myrsveen 75 Osto 4 Norway

21190 Accepted 4 v 80
* s of Yersuala enterocolitica produce a
e enterotonun fn vitro which 1s active 1n the
;“"& and rabbst teal loop assay (2 § 11
b A dose gmdanty between the ¥
ca eoterotonn and the heat stable (ST)
'xm 9f Escherichla coll has been shown (2
%5 Browne et ol A13) stated that,
™S Sfanng a pumber of physiochemecal
S these two enterotoxing are similar 1n
:‘h-mm of acuon Pat et ol (12} stud ed
:::d 008 humsttalaies {rom Canads and
0 that envel¥ uction {2t room
ocolitica with

Laboratory National Insutute of Public Health

the highest prevalence among strains associated
with human infectton However none of the
authors referred to above report ¢nterotonin produc-
uon at the human body temperature Likewise
of P in vivo
and under anaerobic conditions 18 lacking Thus a
chnical szmificance of the ¥ entterocolitica entero-
toxin has not been estabiished
In 2 current commumication from this labora
tory 1t was reporied that some strans of ¥
enterocolitica O-serogroup 28 produced enterotoxin
at 37 °C a3 well as at 22 °C (9) The purpose of the
present study was 0 survey the prevalence of
enterotonn production at 37 °C and 22 °C among
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Y enterocolitica and Y enterocohnca-like bacterys
ssolated from environmental and human sources 1n
Scandinavia

MATERIALS AND METHODS

Bacterial Strams

A total of 412 stramns of ¥ emterocolitca and Y
enterocolinca-hke bacterta were examined All stramns
were stored as stab cultures at 4 °C Three groups of
strains may be discerned (Table 1)

Environmentol sirains A 10wh of 331 swans from
environmental sources were examined Included are 330
strains 1solated from the intestinal contents of apparently
healthy, wild-living mammals birds and fish and from
water samples and soil 1 Scandmavia Most of these
strains have been described in previous commumcations
(6,7, 8) Also included 15 one strain from a diseased goag
{O-serogroup 2)

Humon strains Included are 48 strans from human
stools Twenty of these strains were isolated from
healthy humans (Kapperud, G, manuscript) The remar-
mung 28 strains were solated at the Natjonal Institute of
Public Health, Oslo, {courtesy of Dr J Lassen) from
patients with gastroenteriis Twenty-two of these strains
befonged to O-serogroup 3/biotype 4 (Wauters’ biotype
scheme)

Reference strains A total of 33 type strains represen.
ung Y enterocolicn O serogroup 1-34 were examined
The strains were received from Institut Pasteur, Paris

Preparation of Sterde Culture Kiltrates

Stenle culture filtrates were obtamed from bn
cultures mcubated on a roller drum (60 rev/mm)
room temperature (approximately 22 °C) and at 37
for 48 hours (10)

Enterotoxin Assay

The culture filirates were tested for enteroty
activity using the infant mouse assay (4) as previo
described (%)

RESULTS

Of 412 150lates of ¥ enterocolitica and Y enteroc
fhnica-tike bactenia, 101 (25% ) produced £ coli §
[ike enterotoxin at 37 °C and/or 22 °C as indicat
by the tnfant mouse assay Of these [01 stramns, ¢
were posttive at 22 °C, only The remaming
strains Were posive both at 22°C and 31
(Table 1) Among the stramns examined, t
pr of enter y vaned wih {
source of 1solation, O-serogroup and biochemue
properties of the stramns

Source of Isolation

Enterotoxin production was tndicated fo7 }
(19%) of 331 environmental strams, 29 (60%)
48 human strains and for 8 (24%) of 33 referen
strains (Table 1) The highest prevalence of enter
toxigenicity was observed among the stras 1solat

TABLE | Relationship between Enterotoxin Production and Source of Jsolation of Y enterocoliue '

and Y enserocolwuca-Like Bacteria

No positive at

Source No of strams
21°C 22°Cand 37°C (%)
Environmental strains
Shrews 35 4 14 g ; )
Srualt rodents %6 26 N 18 {
Water 57 4 6 s
Fish 129 i 1 :
Birds 7 3 : N
Foxes 5 - - -
Soul : : N .
Goat 1
N
N
Human sirains R ne
Gastroenteritss gg 22 N e
Healthy :
33 6 2 24
Reference strauts ‘
412 73 28 254

-
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Patients with gastroenterius follow ed
7 e strains from healthy wild living mammals
"7 a0 fish (in order of decreasing prevalence)
\7N= 38 strains which produced enterotoxin at
Tutre solated from non human sources of
f!'::’“; ad aquatic ecosystems  Altogether 19
n of these strains were 1sotated from healthy
"% small mammals Shrews (Soricidae)
0 14 (50%) of the strams which produced
37°C Forty per cent of the strans
M shrews showed thys property

Xotonig 5y
Eezed fry

)”"’wupx

900 the environmentat wsolatesenterotoxin
0

- 2s indicated for strawns belonging to
=2 billeren O-serogroups and for non agglun
N Z;‘:xnsr('l'able 2) Positive test was obtained
e 40 0 Serogroup 6 and 11% of O
M 13{ ™0 of the most frequently encounte
o l}:%'ﬂ;lps 2 Scandmavian ecosystems
Ry m" TTNCE Strains enterotoxin produc
<5 14 ;;ed for()»sercgmupS §-27 12-25

el 22 and 28 Further enterotoxin
g :;n;ﬂmled for 20(91%) of 22 strains
""“’Nuems O8roup 3/biotype 4 1solated from

fang With gastroenteritis How, ever none
'“‘fmpe n:j\m €DLErotorigenic at the human
[ e Enterotoxin Production at 37 °C

Of environmental strains belonging

TABLE 2 berween Producnon and O SY
and Y enterocoliuca Like Bacteria
Environmental strains Human strains
No No positive at No No posiuve at
tested tested
22°C  22°Cand 37°C 22°C  22°Cand 37°C

1 9 7 1 - - -

3 7 1 - 2 20 -
4 35 4 - 2 1 -

5 2 - - 3 2 -

] L] 9 - 6 2 -

7 5 1 - 1 t -
n 8 - 4 - - -
n 1 3 - - - -
n s z _ M \ -
6 13 4 - 2 t -
B 1? - 12 - - -
MG 130 9 9 7 1 -
02 53 - - | _ _
Toat 33 38 26 48 29 -

o siglumabte
100 human

to O-serogroup 1 11 28 and non agglutinable In
addition two of the reference stramns showed this

Biochemucal Properties
Among the environmental 1solates the highest
prevalence of enterotoxigenicity was observed with
PP ~

tha o avn o

37°C were sucrose and aesculin non fermenting
and all were Voges Proskauer negative {at 22 °C
and 37 °C) A very low prevalence of enterotoxige
nucity was detected among the rhamnose fermen
ung strains and among the rhamnose and melibiose
fermenting strains

DISCUSSION

The results indicate that enterotoxin production 15
widespread among ¥ enterocolinca and Y enleroco

fuica ke bacteria from Scandinavia The highest
prevalence of enterotoxigenicity was observed
among strains associated with human gastroentert
us However none of these clmical isolates produ
ced enterctoxia at the human body temperature
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TABLE 3 Relationship between Enterotoxin Production and Bioch

! Groups of Y

and Y enterocoliuca-Like Bacteria Isolated from Environmental Sources

No positive gt

Brochemical group? No of strains Tc
22°C  22°Cand 37°C (!

Y enterocolitica (YE) 136 26 2 i

Y enterocolitica-like bacteria

Sucrose — (S) 49 9 24 ¢

Rhamnose + (R) 55 1 -

Rhamnose + melblose + (RM) 21 1 -

Otherd 70 1 -

2 Defimition of biochemical groups

YE rhamnose —, sucrose +, melibiose ~
s

» - » - »

R » +o» o+, » -
RM » o+, » +
All groups were positive for cellobiose, sorbose and ormithine decarboxylase
+ = fermenting,
- = non-fermenting

5 Other combinations of the characters listed above

Further, both humans and ammals were healthy
carriers of enterotoxigenic stramns Thus, the chinical
signuificance of the Y enterocolitica enterotoxin
remarns uncertan

Enterotoxin production at 37 °C was indicated
for a group of sucrose and aesculn non-fermenting,
Voges-Proskauer negative stramns most of which
were ssolated from the intestinal contents of
apparently healthy, wild-living small mammals
Simular strains have occasionally been 1solated from
atypical chinical entities 1n humans (1) With this
exception, no chnical role has so far been ascribed to
such strains The present data, however, suggest
that the pathogenicity of these strains should be
reconsidered

Pai et al (12) reported that 64 7% of 414 ¥
enterocolitica strains from Canada were positive mn
the nfant mouse assay after incubation at room
temperature This relatively high percentage compa-
red to the present results may be due to the
dominance of human clinical 1solates in their work
Further, Paf et al (12) reported that the prevalence
of enterotoxin production was 50% among strans
isolated from ammals They did not give any
information regarding the finds of species studied or
the climcal significance of these 1solates However,
the reported prevalence 1S not significantly different
from the present observation on healthy, wild-living

small mammals (Table 1)
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Brenner et al (3) exammed Y enterocolitica
Y enterocolinica-like bacteria by DNA-hybrd
tion They proposed four spectes correspondin
distinet DNA-relatedness groups all of which c
be biochemucally defined Y kristensenu (suct
non-fermentors), Y fredertksenn (thamnose
mentors), ¥ intermedia (thamnose and melib:
fermentors) and ¥ enterocolitica (typical 1solat
The present results indicate that these Species h
different enterotoxigenic properties (Table 3) E:
rotoxin production both at 37 °C and 22 oC sex
to be common mn Y knstensenn Enterotc
production at 22 °C, only, 1s widespread 1n
enterocoliica, with the highest prevalence amt
human chinical 1solates  Enterotoxin producttor
apparently rare in Y frederiksemu and Y wmen
dia
Among the strams studied ¥ kristens
d n small 1 Jly shre
whereas ¥ frederihsenn prevatled in fish (Kapper
G, manuscript) Water contained both species
approximately equal proportion This condit
may account for the differences in the prevalence
enterotoxin production observed between stra
from small mammals, fish and water (Table 1)
A chmcal of the ¥ I
enterotoxm could not be established 1 this w0
Recently, however, it was shown that some strd
of Y enterocolitica and Y enterocolitica-like bac

-t



s produced enterotonin at refrigeration tempera
which 15 2 common storage condition for foods
" 4 possile role of this enterotoxn i food
soning has been proposed (2, 10) The omnipre
¢ of enterotonigenuc strams of Y enterocolitica
4 Y enterocolitrea like bactera m nature, as
woly ndicated suggests that. this topic deserves.
rd attention

30 thank Byern Peter Berda for his encouragement
dhie Jorgen Lassen kundly supplied me with the
<1t solates Anne Maree Lorentwen Snr and
2t Horen Hoff provided belpful discussion
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STUDIES ON THE PATHOGENICITY OF
YERSINIA ENTEROCOLITICA
AND Y, ENTEROCOLITICA-LIKE BACTERIA

? Interaction wuk HelLa Cells among Environmental and Human Isolates
from Scandinavia

GEQRG KAPPERUD

Norwegun Defence Microbsological Laboratory Oslo and Zoologieal Institute Untversiey of Oslo
Norway

Yamperid G Studies on the

of Yersima

and ¥

like bactera

L Interaction with HeLa cells among environmental and human isofates from Scandinavia Acta path

merobiol scand Sect B 88 293-297 1980

Atoul of 412 strains of Yersinia enterocolstica and ¥ enterocolinca ike bactena were exgmuned for
e sy 1o wteract wih Hela celt monolayers Of 331 1sclaws from eavironmental sources In

Scntinava only three strains

classified as ¥

were tavasive for Hela

s fovasiveness was also indicated for one stran (O serogroup 2) from a discased goat Another
M strans adhered firmiy 1o the ce surface m great numbers AN of 22 strans belonging 1o O
#ogtoup 3 from human patents with gastroentenitis were Invasive Seven strains of O serogroup 3
fom small rogens and water were non invaswe Among 33 reference strams represcnung ¥
Teroeotinea © serogroup 1-33 nvasiveness was éicated for strams wrth known pathogemey (O
®ogroup 1 2 3 5-27 8 9) However some strams belonging to O-serogroups with uncertamn
Yl sgnificance were atso invasive for Hela cells A close correlation between invasiveness and
WEAAM Production was demonstrated for the 22 human chmical isolates belonging to O sefo
Toup 3

KoY Rords Yersnta emerocotisca wvasweness Hela cells

G
¢ien 75 Oslo 4 Norway

c“‘wwrud Norwegan Defence Microbiologicat Laboratory Nauonal Institute of Public Health
tmyrsy

l:h“w 080 Accepued 4 vu 80 1a the present study, Hela cell invasivencss was

'm'blllly of certain stratns of Yersima enteroco-  investigated 1n a strain material previously exami-
g arencale Hela cels has been reported by ned for the abilty to produce enterotoun (5)
* oty (6 2 9 10} Tws propenty seems 1o E 15 among ¥
. sy related 10 the of ¥ ls and Y like bacteria
wrcolilica since almost excluswely sirams with

ety chnical miEmificance were snvasive for
o s Une (9) concluded that s model
.‘ﬂedm ell the abunty 1o snvade epithelial lrungs

!n Therefore invasion of Hela cells mght
- IS"I,?- dicator of the pathogemony of ¥

from Scandinavia The highest prevalence of entero-
toxigenucity was observed among human clinical
1solates However, enterotoxin production was also
ndicated for a broad spectrum of strains with
uncertain clinical significance

The arms of the present investigation were 1) to
survey the ability 10 penetraie Hela cells among ¥
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enterocolitica and Y enterocolinica like bacteria
from environmental and human sources 11 Scandi
navia 1) to ascertain if any correlation is portrayed
between Hela cell invasiveness and enterotoxin
production

MATERIALS AND METHODS

Bacterial Strains

A total of 412 strams of Y enterocoliica and ¥
enterocolitica like bacteria and seven reference strains of
Y pseudotuberculosis were examined The strams have
been described 1n a concurrent article (5) Three groups
of strains may be discerned
Environmental strains 331 1solates from varied ecolog!
cal and sources in S (Table 1)
Human strains 48 strains from healthy and diseased
humans 1n Norway (Table 2)
Reference strains 33 type strains of Y enterocolitica and
seven type stratas of ¥ pseudotubercufoses (Table 3

Preparation of Bacterial Inoculum

The strains were grown 1n trypticase soy broth (BBL
11767 with 0 6% yeast extract (Difco 0127) The broths
were incubated at 22 °C for 18-20 hours Prior to
challenge of the HeLa cells the cultures were centrifuged
and the bacterial pellets were re suspended 1n 1dentical
volumes of Eagles basal medium (BME) with sodum
bicarbonate (1g per ml} and 5% foetal bovine serum
(FBS)

Cultivar on of HeLa Cells

supplied with [ ml cell suspension in BME contaiming
bicarbonate and 10% FBS Streptomycin {100 1u per ml)
and vancomycin (100 pg per ml) were added to the
medwm The cell inoculum was adjusted to approxima

tely 8 x 104 cells per well to achieve a cell layer with
blank areas ( leopard spots ) to mcrease the surface
available for bacterial penetration The cells were
incubated overmight All incubations were performed at
37°C1n §% CO;zatmosphere with saturated humidity

Challenge of Cell Cultures
The cell monolayers were washed three tumes with

(5% FBS) with streptomycin/vancomycin was adde
The streptomycin was used to mhibit the growth of
remaming extracellufar bacteria and thereby protect
cells from re infection The cultures were yncubated
three hours

Staining and Microscopy
After ncubation the medium was decanted and |
cells were washed three times with PBS The Hela ce
were fixed with absolute methanol for one minu
coverslips were removed mounted on shdes and stan
with 4% Giemsa solution for 30 munutes T
were by otl microsto
at a magmfication of 1000 x

Interpretation of the Results

The strains were considered imvasive 1f a majority
the Hela cells contamed more than 10 intracellu!
bacteria The number of mtraceltular bactera vary
considerably between individual strains However 1
further quantification was attempted It was sometim
difficult to distinguish ntracellular {invasive) fro
extracellular (adhesive) bacteria In practice invasivene
was evaluated by visual comparison with stram IP I{
(Institut Pasteur Paris) Lee et al (6) confirmed
mvastveness of this stramn by electron microscop
Strains showing ambiguous results were retested 3-
times

RESULTS

Environmental Strains

Twelve of 331 strains of ¥ enterocolitica and }
enterocolittca like  bacteria from  environmentt
sources 1n Scandinavia interacted with Hela cell
(Table 1)

Only four (1%) stramns were mvasive One ¢
these strans (O serogroup 2) was isolated from
diseased goat Invasiveness was also mdcated fo
three strains biochemcally classified as ¥ pseudo
tuberculosts 1solated from apparently healthy wild
lving small rodents 1 Denmark (4) Each of thes
isolates were agglutinated by Y enterocoliica O
antisera 4-33 and 21 and by Y pseudoruberculost
O anuserum IIB

A total of eight stramns adhered firmly to the cel
surface and to the glass Seven of these stramn:
d to O 4/botype 1 (Wauters

temperate (37 °C) Dulbeccos complete
buffered saline (PBS) (pH 7 2} to reduce the presence of
streptomycin/vancomycin and re supphed with fresh
BME (5% FBS) without antibiotics After incubation for
one hour the cells were washed with PBS (37 °C) 10

™ o M EF:;‘%"}’FQ;

re incubated with | ml fresh B

:Iell:}smv‘:: antibiotics) and mnocufated with ¢ 025 ml of 2

x 1012
bacterial susp 3
nLving bactena per ml

0 minutes the medim
Following an incubation for 9!
was?}ecamed and the cells were washed three imes Wl(lg
PBS (37 °C) to remove extraceliuiar pacterta Fresh BM
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brotype scheme) 1solated from small rodents It was
not possible to determune the invastveness of these
strans owmg to the great number of bacteria
attached extracellularly The phenomenon was
reproducible on several repeated examinations
Additronal washing with PBS was not sufficient to
remove the bactena

Human Strans
Al of 22 stramns belonging to O serogroup 3/

nteritis
brotype 4 from human patie wnth gastroe:



BLE 1 fmeroction wih Hela Cells among Y were wmvasive (Table 2) There was a tendency for
oo and Y enterocoliiea Like Bacteria Iso-  these strains to adhere extracellulanly Detachment

lted from Emviconmental Sources in Scandinavia of HelLa cells from the coverslips sas also observed
In contrast, seven strains of O serogroup 3 isolated
fa of No No from small mammals and Water, Were non mnvasive
.
oup “:‘;‘s mvasive  adhesive (Table 1) None of these strains could be aseribed to
botype 4

Another six 1solates from human payents,

? T : belonging 10 other O serogroups, did not nferact
7 .~ - with the Hela cells However, the clincal signifi-
3 - 1 cance of these strains has not been confirmed
2 - _ Further, nesther mnvasion nor adhesion was dis-
4 - - covered among 20 strains rsolated from healthy
3 - - humans
3 - -
n - - Reference Sirains
$ - - A tota) of 15 (45%) of 33 reference suams
1 - - 2 ¥ ltica O p 1-34
! - - were avasive (Table 3) Invasiveness was also
3 - - tndicated for s1x of the seven reference strains of ¥
\Z - - pseudotuberculosis
; 1233 3 N Relagonship berween Hela Cell Interaction and
5 - - Enterotoxin Producion
4 - _ A close correlation between mvasiveness and
was for human
! 3 A 3 clinical 1solafes belonging to O-serogroup 3/biotype

—— 4 Al22 isolates were mvasive, and 20 of these also
e fiures sndicate anogeneal relaponshup 10 0 PTOGUCed enterotonin at 22 °C

s of Y emierscoltica Roman figures O bateraction with Hela cells was not showa for
;"Iw;s of ¥ pseudonupercatosss any of the 64 environmental strans which were
et by 3 of we anusera 8 16 13 SASToWOUgenic

’ g i ten d

7 1 st ifferent combinations) Three reference strains were both mvasive and

enterotonigentc (O-serogroup 5-27 20 and 22)

({3
Interacnon y,,gp Hela Celly gmong Y enterocoliica and Y enterocolitica Like Bacteria tsolated from
Healthy and Diseased Humans 1n Norway

“group Healthy humans Diseased humang
_ —_——
No tested No invasive No tested No avasive
- - 22
) . i 2
2 -
t -
s - i -
) ' - - -
4 - - -
» i . 1 I
2 - I



TABLE 3 Hela Cell Imasiveness and Enlerotoxigenicity among Reference Strains of Y enterocoltica ¢
Y pseudotuberculosis

O serogroup Strain? Source Invasiveb Enterotoxin
Y enterocolitca
P 6 Chinchilla + -
2 P 8 Hare + -
3 1p 85 Swine (+) -
4-32 1P 96 Chinchilta + -
4-33 1P 1476 Water - -
5 1P 123 Cow - +
5-27 1P 47 Monkey + -
521 1P 885 Dog + +
6-30 1P 102 Human - -
6-31 1P 1477 Water - -
7-8 1P 106 Guinea pi1g - -
8 w107 Human + -
8 P 31l Human + -
8-19 Fy 50 4 - -
8-19 1P 842 Human - -
9 1P 201 Human + -
10 1P 551 Human (+) -
11-23 1P 105 Human - -
11-24 1P 841 Human - -
12-25 1P 490 Hare - ++
12-26 1P 103 Sheep - +
13- 7 1P 553 Human - -
14 1P 480 Human - +
15 P 614 Human + -
16 1P 1475 Water - -
16-29 1P 867 Human - -
17 1P 955 Water - -
18 1P 846 Human (+) -
20 1P 845 Human + *
21 1P 1110 Human + -
22 1P 1367 Human + +
28 1P 1474 Water - ++
34 1P 1501 Human - -
Y pseudotuberculosis
1A 402 M + B
1B 403 i + -
1A 407 M - -
1B 401 ? * -
1 405 ? + B
v 404 ? + -
v 406 ? * -

2 Gtrains with the TP prefix were received from
Dr Winblad Malme
b + = positve reaction = =

and 37 °C

DISCUSSION

colitica and Y enterocolitica like
and human sources i
wve 1n the Hela cell
dy Invasiveness was

Most of Y entero

bacter1a from environmental
Scandinavia were non invas!

model employed m this stu
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negattve reaction (+) = weak reaction +

Institut Pasteur Panis The other reference strains were obtatned fr:

+ - enterotoxin production both at 22

indicated for all strams otherwise recognized
pathogemic and furthermore for three strains rela
to ¥ pseudotuberculosts Hela cell invasiveness |
documented feature of ¥ pseudottberculosis |
These results are 1 2 apee _with the d



4 from North America by Lee et al (6) and
Japan by Une et af (10)

vet al (§) suggested that strains that cannot
penetrate Hela cells which have a very weak
1 aganst bactenal mfection are most prob

1ot able to mvade epithelial cells 17 vno On
berband invasiveness may be more prevalent
3V enterocolinica and ¥ enterocolitica ke
u than ndicated by laboratory models

seessm ¥ enferocofitica 15 mediated by 2
ul (3 11) Such a factor may be lost after
dwrng of the strams  Funther 131 of the
3 emned were isolated from wild hiving
mammals which were trapped by methods
it actrve individuals and thereby reduce the
Lilny of discavenng diseased ammals This
1ay give a false impression of the prevalence of
¢ straps

Lt was for

that a corresponding relationship likewise exsts for
human clinical tsofates of O-serogroup 5 § and 9
Possibly these two pathogemaity factors act in
concert to enhance the ability of ¥ enterocolitica to
provoke enterc disease

The valuable discussion of Bjorn Peter Berdal Gabriel
Anestad Jean Michel Atarsoand Enok Tjetza s gratefully
acknowledged
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 lanceflield estracts of group A streptococti fype 12 using electro immuno assay Aca patb
werobiol scand Sect B 88 299-302 1980

Ants19pe 12 serum incorporated 4 agarose polyethylene glycol gel 1n a concentration of [ 5% (vol/
toll was found 10 enable a distingt ProcKet« precipiate i electro ynmuno assay using hot hydrochlonc
s enract of type 12 group A streptococar This precipitate was removed by trypsin treatment of the
euract and on addition of anti {12 typing serum but not of five other typing sera to the extract. The
Sutpiococczl component responsible for thus precipitate Was eluted from a CM-celinlose 1on exchange
@fums ot pH 6 5 These findings demonstrated that the preciptate Was caused by the M12 anuges

Croset o hot acid exsacts of three different type 12 group A
Suepiococsy showed that the electfophoreuc mobility of the M12 antigens was similar 1n the thres
“wats A lineat correlaton was obtamned between the concentration of the M12 antigen and the hesght
of the precipitate obtasned 1t the electro immuno assay using different dilutions of a standard type 12
ST M3 ahugen could thus de quanutated by the electro tmmuno assay 1n quanttauon
“wenments uniformiy prepared estracts of five randomlyselected freshly isofated type 12 strains were
¥ound to contam from 130 1o 1850% of M12 anugen respectuvely (expressed 1n % of the content of
8¢ standard. eype. 12 extracs)

key words Sweptococes Lancefield extract M proten quantitauon electroammune assay
Yagar Ehasson Depastment of Medicat Mucrobrology Solvegatan 23 5-223 62 Lund Sweden
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‘.‘:‘;‘; 33UEEDS are smportant virulence factors 1n
\ h:‘l‘l’lwwm 6 9 14) However fow
ik ;; been devised for quantitation of M
ot 1 Hpg O preparauons Becker ef al

2%53nf technique for quantitation of M

3 Lancefield exsacts To gur ¥

The present paper concerns quantitation of M
antigen \n Lancefield extracts of type |2 group A
streptococet ustng electro immunoassay Measure
ment of M antigen n the bacteria with this method
or any of the procedures descnbed above mvolves

o ge all
I L'?';':‘d"r‘”‘mm Procedures futherto descrt
3 ications of the capullary precipiin
mm&‘"’ used for typing of group A
2y ar&, These modifications compnise
elely ¢ precipitate obtaed between a
ey ot 28 Ge comesponding type
gy 72 OM + 10 4+ 4+ (14) or
Saquegy |y U° PICIPUAE a5 10 the Qudin

and of the
antigen present in the extract Variation i quastita
uve results may onginate from all these three steps
The aim of this mvestigaton was primanly to
describe a stmple and exact method for quantitation
of the M antigen content n Lancefield extracts
however the possibiity to quanttate the MiI2
anugen per weight unt of bactens was also
considered
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¥t w28 caused by the M]2 antigen Addr
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PR i Lancefleld extracts the updiluted
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Fig 2 Quanutation of the M protemn content 1n a
Lancefield extract of a freshly isolated type 12 group A
streptococcus using electro immuno assay S Undiluted
standard extract 1-§ Twofold diluuons up o | 128 of
the extract 10 be examined The M protemn content of the
exiract was calculated to 1430% of the standard extract
content.

component tn the standard was not obtamed with
any of these strams It may be noted that the
freshly 1solated strains were pot treated with
enzyme inhtbitors prior to extracuon 1n contrast to
the standard (see above) For quantitation of M12
anugen each prectpitating extract was diluted to
give a nrocket « of a height between that obtamed
with undiluted and that obtained with | 4 diluted
standard extract (Fig 2) The heights of the
Precipitates obtained with the different dilutions of
the standard extract were plotted against the
standard extract concentrations in a diagram after
which the \M12 anugen content at a smtable dituvion
of the extract under test could be calcutated The
M12 antigen contents of the five extracts were 130
740 1430 1600 and 1850% respectively of the
standard extract content

Extracts were made concomtantly of wo
different strains each cultured in five bottles of 300
ml Todd Hewit broth (from the same batch of
broth) The M protem content 1n the extracts from
One strain varied between 66 and 100% fmean
85%) and 1n the extracts of the other stram
between 104 and 200% (mean 138%) of the
standard extract content

DISCUSSION

The M antigen i Lancefield extracts of type 12
8roup A streptococa gave distinet mrocket precips



MATERIALS AND METHODS

Bacterial Strains and Extracts

Group A streptococar type 12 were kindly supplied by
Dr Burova Lemngrad (strain 1800) and Dr Sramek,
Prague (strains 300 and 305) Five freshly-isolated group
A streptococcal stramns belonging to M-type 12 were
randomly selected from among the strains sent to our
department  Hot hydrochlonic acid extracts (8) were
prepared from 18-hour cultures at 37°C on 300 ml
Todd Hewitt broth After culturing, the streptococc:
were washed three times 1n distilled water and lyophili-
zed 0 10 g of the powder was then suspended 1n 0 15 M
saline and the pH was adjusted to 20 with 0 { M HCl
After heating 1n a boiling water bath for 10 mun, the pH
was neutrahized to 70 using 01 M NaOH and the
suspension centrifuged at 3000 g for 30 min The
volume ol each extract was then adjusted to 3 0 m! with
saline

A hot hydrochloric acid extract of strain 1800
prepared from a 20-htre Todd Hewitt broth culture (13),
with the addition of benzarmidine chloride and todo acetic
acd to 10 mM duning washings and extraction
procedures, was used as a standard preparation through
out the study and stored at —20 °C untdl use

Rabbit Sera

Two different anti type [2 sera, Lu and Ca, were
used The latter serum and anti-type 4, 28, 48 and 60
sera were M-typing sera, kindly supplied by Dr E!
Kholy Caro Unless otherwise indicated, the unabsor-
bed Lu serum was used as anti-type 12 serum

Electro-immuno Assay

Electro-immuno assay (11) was used for quantitation
of M antigen 1n the extracts Twenty ml 0 6% (w/vol)
agarose {electroendosmosis (-m¢} 0 16-0 19, Sea Kem
Rockland, ME USA) in Tris/barbital buffer (007 M
Tris and 002 M sodim barbual) contamning 93 mM
calcium lactate and 2 mM sodium azide, was mixed with
vartous volumes of ants type 12 serum and polyethylen-
eglycat 6000 (kebo Sweden) (PEG} and poured tn a 1
mm thick layer over a 205x 110 mm glass plate
Circular wells taking S pl extract were cut 80 mm from
the projected anode A current of 3~¢ V/cm was applied
to the plate The extract to be tested was then placed in
the wells and the current was increased to 6 V/cm for 16
hours The plates were washed in 09% NaCl and
stained with Coomassie Blue

Crossed fmmuno-electrophoresis

Crossed immuno electrophoresis (10) was performed
using gel and buffer-systems as described above The
ectract was first subjected to electrophorests (20 V/cm
for 40 mn) 1n agarose without antiserum or PEG Agar
shps, 60x 3 mm, were then cut out from the gel
containing the separated extract, in the direction of the
\tp was placed edge to edge with an

d the s
current an 12 serum and 3%

arose gel containing 1 5% anti-type
;gEG ’l%le extract components were forced into the
~containing gel by apphcation of a current of 6

antiserum: of 90° fo the first

V/cm for 16 hours (at an angle

300

electrophoresis) ‘Washings and starming were perfor.
as described above

Crude IgG Fc-Receptor Preparation

A crude preparation of IgG Fc receptor from type
group A streptococct was obtamned from a Pprepara
electrophoresis as described (3) This preparation aggl
nated Ripley-sensitized human red cells when dift
120 000 or less (3}

lon Exchange Chromatography

Ton exchange chromatography of hot hydrochl
acsd extracts of type 12 group A streptococ:
performed on CM-cellutose (Pharmacia Fine Chemic
Uppsala, Sweden) as described by Fox (5)

RESULTS

Identfication of M12-Antigen Precipuate in Elect
tmmuno Assay

Anti-type [2 serum was incorporated in t
agarose gel 1n concentrations from | to 3% (v
vol) and the PEG concentration was varied betwe
0and 2% (w/vol) It was found that | 5% seru
and 2% PEG enabled a maximally distinct »rocke
preciptate, when undrluted type 12 extract standa
preparation was tested 1n the electro-immuno ass3
The results were similar without the addition
PEG but the pr obtained were derab
less sharp Electrophoresis at a voltage of 20 V/c
for 4 hours gave less distinct precipitates than tho
obtained at a voltage of 6 V /cm for 16 hours At
V/cm, the precipitate formed extended about 1
mm from the application well {for accuracy, St
below) Varymg the dilution of the standard extra
up to 1 4 resulted in a hinear correlation between tt
concentration of the extract and the height of tf
major precipitate (Fig 1) When using the standar
extract, an additional precipitate was formet
extending about 3 mm anodally from the applic:
tion well

In the following a concentration of [ §% ant
type 12 serum and 2% PEG was used Undilute
standard extract as well as 12 and 14 diuton
were included 1n each electro-tmmuno assay

The major precipitate disappeared upon trypsin!
zation of the standard extract {for procedure, see rel
3) while the mmor precipitate was unaltered
Testing of varous fractions obtamed from 10!
chr hy of the d extrac
showed that the components responsible for the
mayor precipitate were eluted from the CM-celtulose
column at pH 65 Formation of the majo!

was ) on addition of

anti-type 12 typing serum {Ca) 1n equal volumes 1o
the standard extract but not by addition of anti-4,
28, 48 or 60 M-typing sera Thus, the major.
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study was undertaken to survey the presence of
these bacteria 1n stool spectmens from presumably
healthy students 1n Norway

MATERIALS AND METHODS

Coltection of Faeces Samples

During the period April to September 1979 atotal of
397 facces samples were collected from si¥. dyfferent
810ups (A~F) of presumably healthy students lage group
1830 years) 1n Norway (Table §) Pasces samples were
collected on swaby and stored on a modified Stuart
transpon medium {16}

A In the middle of April 18 samples were collected
from fugh school students atending a wintef camp 1o
Hafungdal central Norway The drinking wawer was
untreated n thys area

B During the last week of Al facces samples were
cofiectzd from (08 students of biology University of



tates in the electro 1mmuno assay with unabsorbed
anti type 12 serum included to the gel This finding
made 1t possible to develop a method for the
quantitation of M12 antigen using electro immuno
assay
Recent investigations indicate that M antigens are
d of repeating amino acid M
antigens purified from hot hydrochloric acid ex
tracts of all types investigated tncluding type §2
group A streptococct show a marked heterogenety
m polyacrylamude elecizophoresis (5 6 7) This
property attributable to differing molecular weights
of the M antigen fragments obtatned by hot acid
extraction has been called the »multiple banding

bactena Thus the extent to which the electic
mmuno assay can be used for comparison of th
antigen quantities 1w different type 12 stram
depends on standardization of the cultivation an
extraction procedures These problems are current!
being analyzed
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Facces samples Trom a total of 397 presumably healthy students 1 Norway were coflected dunng Apni
© Septersber 1979 Twenty Strains of ¥ enterocolinea and ¥ enterocolitica hike bacteria w ere 1solated
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020 strans 14 were typical ¥ 1solates five different “s
5 %8 13-7 and non aggluunable) The remainmg sit strains were tentauvely designated ;¥
merocolinica like bacteriac They showed atypical reactions with respect to one or more of the
‘llowing characters fermentation of rhammose sucrose cellobiose and sorbose The straims recovered
Tom healthy humans 1 ths work were stmilac to suaws previousty tsolated from wild hving
mammals fish and water 1 Scandinavia Nine strams produced enterotoun at 22 °C but fot at 37 °C

Ny words Yersima enterocolinca humans healthy carners
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ia enterocolitica and ¥ enterocolitica like
04 are omuipresent 1n nature (15) This vast
Mo may be 2 consderable source of contami
2 for humans through dninking water food

healthy students in Norway

Yemat comacts Most of the strams prevashin,

2
?::e?enmr are antigenically and biochemically MATERIALS AND METHODS
;,, n:::“r those assocuated with the typical  Collection of Faeces Samples

00s of ¥ enserocofitica wnfec-

study was undertaken to survey the presence of
these bactera 1n stool specimens from presumably

TN Dunng the period April 10 September 1979 a total of
OROvr there has been an increased 397 facces samples were collected from six different

85855 of the possible ole of such environmen  870ups (A~ of presumably healthy students (age group

\Rmns n atypical clinical syndromes (15) 18-30 years} i Norway (Table §) Faeces samples were

s::m,“ mestgations have documented the  ©ollected on swabs and stored on a modified Stuart
efy

enterocohiica serogroup 3 and other
:;ngs”:‘:h Tecognized chmcal ymportance
e 1 categones of human patients
- ¢ %ok has been done to evaluate the

flora of ¥ enterocolinca and ¥

2 normal
“TxX0liica tike bactera 11 2 7 The present

transport medmum (16)

A In the middte of April 18 samples were collected
from fugh school students aftending a winter camyp 1
Halingda! central Norway The drinking water was
untreated 1 (us area

B During the last week of Apnil faeces samples were
collecred from 108 srudents of biotogy Unsversiy of



Oslo one week after thesr Easter vacation Most of the
students spent these holidays in non urban areas with
untreated dnnking water

C During the first two Weeks of May, faeces were
sampled from 72 medical students, Unversity of Oslo
The samples from group B and C were obtamned durning
the spring thaw 1n southern Norway

D In June, 40 samples were obtained from zoologists
attending field courses

E The August samples were collected from 77
medical studemts  Umversty of Bergen, the week
subsequent to therr summer vacation During the
summer, the students lLived at widespread localities all
over southern Norway Most of the students had been
exposed to untreated drinking water through mountain
hiking and other outdoor acuvines

F In September, 82 samples were collected from
students at the Vetermnary Coltege of Norway, Oslo

Processing Collected Magerial
Culuvation from the swabs was performed within one
week on lactase/bromoathymol-blue (Dragalshi) agar and
lactose/sucrose/ vrea (LSU) agar The agar plates were
¢

TABLE 1 Isolation of Y enterocoltica gnd
enterocoliica-Like Bacteria from Six Different Gro,
Healthy Students in Norwas

Individuals harbow

Group Date No Fersima strains

examined

No %

A April 18 - _
B Aprit 108 6 s
c May 7 3 3
D June A0 3 5
E August 7 - -
F September 82 - _
Total 397 10 3

TABLE 2 Anngeme and Brochemicat Charatterrzate
Y itica and Y 1 Like Baciria f.

at room D ¢ {app 22 °0)
for 48 hours Sub cultures were made on tactose agar of
all colomes showing morphological symilaruy to Y
enterocolinca Urease positive strains were selected and
2 primary biochermcal charactenization was performed
by the »three-tube method« described by Lassen (14) 1f
the results indicated Yersima the stramns were subjected
1o further biochemical and anggenic characterization as
specified previously (8)
Strains ssolated from the same faeces sample were
selected for study 1f they Wwere antigenically &nd/or
biochemically different

RESULTS

Alogether, 20 stramns of Yursma enterocoliica
andY enterocofitica-lke bacteria were solated from
10 (3%) of the 397 faeces samples from presum-
ably healthy students i1 Norway (Table 1) The
antigenic and biochemical charactensucs of the
1solates are presented 1n Table 2

Characterization of the Isolates

Among the 20 strans 1sofated 14 were typcal ¥
enterocolittca 1solates (Table 2) Antigenically these
strains were related to five dfferent serogroups
One sirain was non-agglutinabte Eleven of the ¥
enterocolinica 1s0lates could be ascribed 1o Wavters
biotype 1 (18) The rematming three \milm differed

They showed atypical reactions With respect w one
of more of the following characters fermentation of
rhamnose, sucrose, celloblose and sorbose 1n the
absence of a generally accepted tatonomy, these

304

Healty Sucdents 1 Nornay

Serogroup? Biotypeb No of strz
Y enterocolitica
4 ! 1
3 1 2
6 1 n
6 13- 2
6 1 Vp~ !
78 1 1©
13-7 i 2
137 1Vp- 2
NAG 13\~ 1¢
' enterocolinca-like
bacteria
16 So~ VP~ g
NAG R+ 1
NAG S~ \p- 2
NAG C- So- VP~ i
NAG R+ §-C-vp- 1
Total 20

2NAG = non agglutinible

bl According 10 W auters biotype scheme {18}
o = Enterotoxin production at 22 °C (10}

@ = Both strans produce earotosia at 22 °C

hey 1o the symbols

X~ ¥vlose non fermenting N
AP~ \oges Proskauer negative (at 22 °C and 37 C
So~ - sarbow non fermenting
R+ rhamnose fermenting

5 sucrose non fermenung
C~ cellobiow non fermenting

[

W



ns were tentatvely designated »Y  enterocolt
Like bactena«

nage of Sereral Distinct Strains

our ol the ten students carrying Yerstma strains
wured two strans with distinct antigemc
werties One person harboured three distinguish
svaws In a2 suth case four antigenrcally
‘et stramns were 1solated from the same faeces
ple, pamely serogroup 6 4 7-8 and non
umable

e person barbounng Y enterocoliuca sero-
1p6m Aprl was asked to take 2 second sample
wetks later Two antigenically distnct stramns
%foup 16 and non agglutinable) were isolated
1bis second sample The onginal serogroup 6
gotdetected No 1solations were achieved from
ird sample taken 1 June

wal Sign flcance

oer of the ten persons harbouring Yersima
5 camed that they suffered from recurrent
faoea and abdominay pain These symptoms
h;l could well be explained by psychucal stress
)

DISCUSSION

euined students harboured Yersima entero
“ ad ¥ enterocofiieg like bactena which
¢ atgenically and biochemucally simitar to
S previously wolated from wild Iy Ing mam
8 fish and water 1n S 891213

sumlar trend was observed 1 an earher study
concerning the madence of Yersoua strams i fish
and water mn Norway (12}

No cliyeal effect of the 1solated strains could be
established with certamty Obviously evammnation
of a very large matenal would be requred 1o
deterrmune a possible chincal or sub-climeal role of
the strains 1n question When Y enterocoltica or ¥
enterocolitica ike bactena are 1solated from disea
sed mdividuals the possibility of a causal connec
tion should be examuned criucally The isolation
rmught well reflect an tncidental contammation from
the extensne environmental reservorr of these
bactera having no causal connecuon with the
disease

Nipe of the twenty stramns ssolated in this work
produced enterotoxin at 22 °C but not at 37 °C (10}
Conclusive results have not yet been obtamed
concermng the clmmeal signsficance of the Y
enterocoliica enterotoxin Furthermore none of the
1solates were mvasive in @ Hela cell model (11)

Serogroup 3/biotype 4 and serozroup 9/biotype
2 responsible for the typical chmical mamfestations
of ¥ enterocolitica nfections 1n Europe (15) were
not recovered 1 this work Nevertheless strains
similar to those solated have occasionally been
reported 1n connection with atypical chinical syndro
mes(4 5 6 7 15 17) The presence of healthy
carriers of such strains may be a potential hazard
for susceptible hosts for example nmunologically
deficent indrviduals  through direct or indtrect
human transmussion

1 Students harboured several distinct stramns

Uogous results were obtamed by Alonso er af {1)
*7¢ported that humans inhabiting a rural area n
= were healthy carners of strains simifar to

¢ solated from wyg Iving small mammals 1n
Same arez

Be duration of the ca
¥ possible that (he
U passage of
Sizaltract rather

TTIage was not determined
ssolations may reflect a
the bacteria through the
han a more permanent carrier
o5 of the sy
e dnnfong wa
" of contaminat

ents had been exposed to
ter This may be an important
o0 {13) Altogether 18 of the

1 want to thank the 397 studenss » ho contributed (o the
futfilment of this study
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IN VITRO ANTIBIOTIC SENSITIVITY TESTING OF
VIBRIO ALGINOLYTICUS

JENS L LARSEN and ADEL F FARID®

asuwte of Vetermary Microbiology and Hygiene and Laboratory for Aguatic Pathobsology Royal
ewennary and Agncultral University, Capenhagen Deamark

‘Present Address Bacteriology Department, Ammal Health Research Instute Agnicuttural Research
Council Minsstry of Agriculture, Dokki Caro Egypt

Lasen J L. & Fand A F In wiuro anubotic senstvity testng of Vibrio alginobnicus Acta path
merobiol scand Sect B 8§ 307-310 1980

¥ alg nobyticus from environmental sources of different geographical areas and some human pathogenic
stans were mvesugated for ther sensuvity to 29 different anumicrobial agents using the agar
fision method Al strams were senstuve 10 G Neomyn

wle Tnmethoprim  Rifamyan Nalidiman and Linco Spectin and all except one to Trmethoprim
Teracychoe Ch N and Between 80 and 94% of tested strains
sere sensive to C Ceptatoun K e Tylosin and while A it
Vaxomyan and Novobiocn were eflecuve to 50% A hgh of resistance
*as found 10 Meuailin Carbenycittin and Lincomycin Al strains were sesistant to Pemcilhin and
Fusdin \o vaiation 1, sensiuvity pattern between environmental stramg wsolated from duferent areas
%2 detected Great correlation was found among environmental and human pathogenc strains which

uld be belpful as guidance m therapy

¥ey mords Vidrio algmolyncus anubiouc sensiuvily tesung i viro

TL Larsen

v Institute of Veterinary Mictoblology

=45Y80  Accepred 25 vu 80
e balophulic bacterum Vibrio

and Hygiene Royal Vetennary and Agncultural

uversity Bulowsvey 13 DK 1870 Copeshagen V. Denmatk.

are certamnly not extensively tested for anu

W0 manne coastal waters with highest
.“kmz during the bathing season when water
;‘:‘Jll“ltls high (4 6 & 10 12 16) W bas
)\ag bezn recognuzed as a human pathogen and
“ from 1nfection of the ear eye nose head
Tum E:nd[bronchxal washings finger hand and
h 0ot and other unspecified sues of
)‘E‘lﬁz €1posed 10 marine environments (2 4 8
- 13) The infections are occasionally
*Dr:'ﬂleﬂ by septicasmmia
I If:;lh: \ncreasing \mportance of ¥ afginoly -
- m"a medical point of view stratns 1solated
o onmental sources are very seldom tested
Ureg “‘;:: :ucmbm suscepubility (5) Strains
P uman sepuc wnfections are always
R anuhm st suscepubility to a number of
touc agents Generally ¥ alginols ticus

mucrobial y in the world hterature and
no such investigation has been carried out
Denmark

This papes presents (e resiuls of dRieTminatons
performed on well-characterized V' alginalyticus
strains 1solated from different environmental sour
ces i different geographical areas on the Damsh
oozst Some buman pathogemsc strams collected
from different sources were tested under the same
arcumstances and the results were compared

MATERIALS AND METHODS
Strans of ¥ alginolyticus from environmental sources
comprised thirty marne strains fifteen estuarine and
four sediment 1solates (Larsen er af {7)as well as 2 other
sediment V1brio strains These strains were previousky
1solated from different bathing areas on the Danish
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d Moderately Sensitne ++)
d Percentage of Sensitive (Highly Sensive +++ an
TABLE humter o d VAE and VAH strains

VAE VAH
VAE VAH
51 strains 7 stramns . e $1 strams 7 stratns
Asumicrob a/ugal ug? o o
No No e %
of % of % of % o
sens sens sens sens
a 10 0 00 0 00 Chloramphenico) 30 50 9803 ; :gg gg
doMghvbd 100 19 3725 2 2857 Rifamyan® 3051 Il;O 00 7 1000
I 1D 24 4706 3 4285 Erythromyon 15 40 7843 7 wow
L] 5 980 © 000 Lincomycm 1S sy ! A
axclin 100 13 2549 | 1429 Fuadin 50 0 000 0w
el 0 47 9216 7 {0000 Vancomycn 30 29 5686 R
T wep 3B 34 6667 S 7141 Nurofurantom 300 50 9804 7 10000
éa 30 42 8235 6 8571 Naldoan 30 51 10000 %00
iy 51 10600 7 10000 Linco Spectme o st 10000 7 100
orand 120 51 10000 7 10000 Tylosmo 150 38 7481 6 8571
o 0 35 6863 5 7143 Novoboans 00 24 4706 & 857
sdmds 256 §1 §0000 T 10040 Spramyand 00 40 7843 7T (0000
Sedonatole
Koprm 33 51 40000 7 10000 Chndamycin® 34 9452 5 a3
“ogrine) $7 S0 9804 7 10000 Tobramycind 40 50 9804 7 10000
o 3 50 9804 7 10000
U concentraton per dise
esisaton 1 1 U
dcs
Toound of Spectomyein 200 g + Lincomyarn 19 pg
Mldian apg Linco-Spectin  whereas they are
™sant to Penycillin and Fugidin DISCUSSION

Acually strans with sntermediate suscepubility
@apnsed those originally evaluated as moderately
=50¢ L+4) and shightly sensitive (+) When
bt the bighty sensiave {4+ 4} and moderately
35 ke (+ 4) stratns are consered sensitive therr
Wl number 2pg percentage are as given in Table 1

; fesulls of the Table added Gentamictn and

Man 1o the effectine group of anubiotics
Yoan i the figure as all VAE and VAH were
I Moreover 98 of VAE and all VAR
Y ensne o Trmethopnm  Tetracychine

V Nwrofuranton and Tobramyan
T otnt and ninety two per cent of
NIy One per cent andt all ¥ AH were
Cundamyon and Cephaloun  re

\inery four pe
VAE and geu,
e o
Secuvely
Anorhes
e sir ..
g

;
\::Aobm. were ellectne agamst ag
LY pes cent of strans tested
e highly sensitne to §

pproximately
Acwually all saraves
1fa This

A correct strategic and tactc use of chemotherapy
against bacterial infections requires reliable infor
mation on the efficiency of drugs against the causal
bactenal specws Such data are gawed from
bacteriological laboratories performing antibiotic
sensiuvity testng (11) The preltmunary or basic
knowledge about the action of different anttmicro
bral agents on the species of bactena encountered 15
greatly helpful No such data are available in case of
theh, b; Vibrio alginols astis
2 relanvely new species considered pathogenic to
man
Twenty rune dufferent antimicrobial agents were
used to investigate the susceptibility  of
V algimobticus strains The i vitrp testing was.
performed by the agar diffusion method which ina
recent study (5) proved to be applicable for this
group of orgamisms

The present study demonstrates a tigh incidence
of sensitivity to different agents All strams of VAE
and V A were sensiive to Genamicin Neomycin
Sull: ”

"homamid 1s not presented in Fiz 1
T~

Rifamyan Nalidixan and Linco-Spectin All strains



coasts and were characterized by their biochernical
behaviour (7) The human pathogenic strains were
obtained from Dr D G Hollis CDC, Atlanta, Georgia,
USA (strans 2300/79, 1424/79, and 1586/79), Dr
Mary L Fried, Tucson Medical Center, Tucson, Arnizona,
USA (T M C stram) and Dr 4 von Graevemuz, Yale
University School of Medicine New Haven Connecti.
cut, USA (Yale strain) The last two strains were
previously described (15, 17 respecuvely) Two human
pathogenic strains previously 1solated 1n Denmark (9}
were also examined Unless otherwise 1indicated,
V alginoly ticus stratns from enviropmental sources are
called VAE, whereas human pathogemc strains are
called VAH

The antibiotic discs or tablets of 29 anti-microbial
agents used 1n ths study are commercially available {AB-
Biodisk, Solna, Sweden, and A/S Rosco, Neo Senti-
tabs®, Taastrup, Denmark) and are Disted 1n Table |

Anti-microbral sensiivity was determined by the
standard agar diffusion method (3) though the orgamsms
were grown in trypticase soy broth {BBL) with 1%
sodium chlortde added and the cultures were applied to

Mueller-Hinton agar (Difco} plates with addon:
sodium chioride (0 5%), for susceptibihty testng

Interpretation of results was performed by measurin
the of the zones In an
the readings were compared with corresponding mant
facturing tables Mostly four grades were evaluate
highly sensitive {++4), moderately sensitive (++
shightly sensitive (+), and resistant

RESULTS

The results are presented in Fig 1, illustrating th
zone diameters and accepted breakpoints betwee
T and lity for all antib: used
Strains giving inhibiton zones that could not b
evaluated as highly sensiive were considere
intermediately susceptible and presented in the are
between the solid and broken lines The figur
shows that all VAE and VAH strains are sensitiv
to Neomycin, Sulphamethoxazole-Trimethoprim

Paniciliin Folymyrin 10 5 1 s
van o

Ose .

msennc s00 YAE B o ®

—_-—Trr—rr T T ™—

Pamelitin High

Nitroturantion

[
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Maticithn
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Lineo Spectin
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Tylosia

Novablotin

. T
rsmycin
Kanamycin Lineomycin Spiramy .
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o | ooon H suse .
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Gontamicin Fucidin Chindarmr! i
ontam! .
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Tobramycin
Meomycin
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Fig 1 Inhubition zones for
resistant stratns Broken jin¢
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VAE and VAH strains with the employed antibiotics
es devide hughty from tntermediately sensiive strains

Solid lines separate sensitive from



guh mcrobiol scand Sect B 88 311-315 1980

AN IN VITRO EVALUATION OF TWO COMMERCIAL
BLOOD CULTURE MEDIA ~ SUPPLEMENTED PEPTONE
BROTH AND SUPPLEMENTED TRYPTONE SOYA BROTH

PER SANDVEN and E ARNE HOIBY

WNational Insutute of Public Health Oslo Norway

Suden. P & Hoby E A An 1 wiro evaluanon of two commercial blood culiure nm:d;::
supplemented peptone broth and supplemented tryptone soya broth Acta path micTobio} scas
B £8 311-315 1980

40 commercial blood culture media ~ supplemented peptone broth and supplemented tryptone soya
broth - were compared by an n suro method The two media were 1noculated with mlcroorgz;;nr:;
suspended 1o fresh human blood 1n an attempt to mimue the climcal sitnation The two media differs

wmpletely 1 their ability to support the growth of Nesserta memngitdis and hesssenia gonprrivee
Mactoscopic evatanon of the blood culture medium during the mcubation period was a:mmnr when
urg supplemented tryptone soya broth i contrast to Supplemented peptone broth The former
wedum remasned turbid whether microorganisms were growing or not No other important differences
berween the two media were detected Our findings indicate 2 need for both i virro and 1 vivo Studies

10 evaluate blood culture medsa and also a need for quality control of microbiolagical diagnostic devices
belore they are released for chncal use

Ky words Blood culture medsa Aerssena menngiidss

P Sandven Nauonat lnsttme of Public Health Postuttak - Oslo | Norway

ned 1y 80 Accepted 28 vy 80
The detecuion of bacteraemua 15 one of the most

MATERIALS AND METHODS
onant tasks iy clinieal bactenology A number

“aral and in su1r0 studies have shown that the
¢ of blood culture medmm used mfluences the
ey of microotganisms Tdeally all such media
& e wmmeraially avanable ought to be
duated i chimical studies before being released for
= sl but because such truls are tme-
Summg and expensive this 15 not the case today

taltemative 1s g0 evaluate bigod Culune media by
"o experments It 1s however necessary to
T Ot chica) seewaton as closely as possible

thave tried 10 do ghus by using fresh human
9 blaod for the experiments The two blood
ure devices compared 1n ths study are sustzble
“Be culvation of only o ml of blood gad
it according to acoepred recommendations ()

oty be used for pedinne blood cultures 1o spre
et recommendanuons these blood culture
ey are sult commonly used 1n Norway today

Blood culture mediz Vacutamer blood culture tubes with

moditied experimental medium containing 1 2% gelaun
and lacking agar (STSBG) were obtatned from Terumo
Corporation Japan The ingredients of SPB and STSB
are shown s Table | All wbes contatned 18 mi of
medium dewermaned for an inoculum of approximarely 2
ml of blood The toncestration of soditm polyanethol
sulforate (SPS) 1n SPB was 6025% and 1n STSB
0035%

Microorgamsms  Recent clinucal 1solates obtaned
Trom the diagnosuc microbology laboratory of (he
Institute were used Strains 1solated from blood cultures
were omitied m order to avoid selection of strams
aiready having grawn 1n one of the blood culiure media
We were testing The chinical isolates used were 2 strauas
<achof Escherschuz co Proteus mpabitis Klebsiella p
25 H,

nfluen~ge




except one are sensitive to Trimethoprim Tetracyc
line Chl 1 Nitrofi oin and Tobra
mycin  These results are m agreement with
tnvestigations sporadically performed on isolated
human pathogenic stramns reviewed (1 15) How
ever sulfa drugs were not tested 1n most reports

Cephalotin was 100 % effective agamnst VAH ang
92% agamst VAE This was also found 1n two
human pathogenic stramns recently 1solated in USA
(14) while resistant strains were previously repor
ted (10 12 13 15) Two tested strams of VAH
were resistant 1o Chindamycin  which 15 alsg
recorded by Schmuds et al (14) but not encountered
n other papers

About 70% of the strains were sensitive to
Polymyxin {Calistin) It was previously reported to
be effective with the exception of the recent two
stramns 1solated (14) Although reports deal with
high numbers of Amptcillin resistant strains (5 10
12 13 15 17) a moderate icidence of Ampicillin
Vancomycin and Novobiocin resistant strains could
be detected 1n the VAE and VAH strains

A high percentage of resistance was found to
Metcillin Carbencillin and Lincomyein while al)
stramns show ressstance to Pemicillin and Fucidin
Especially results of Carbemcillin and Ampicillm

are well d by most authorg

10 12 13 14 15 17

In conclusion these findings show great correla
tion 1n sensittvity patterns among VAE and VAH
stramns and no varaton 1n environmental straing
1solated from different geographical areas The
results could offer a basic information about the
broad action of vanous antimicrobial agents on
V algmolyticus in wvitro and might serve as a
guidance in therapy

We would like to express our thanks to Dr D G Hollis
CDC Atlanta Georgia USA Dr Man L Fried Tucson
Medical Center Tucson Arizona USA and Dr 4 ion
Graavenit> Yale University Schoo! of Medicine New
Haven Connecticut USA for offering human pathoge

nc strains
The technical assistance of Mrs Kirsten Kaas s

acknowledged

REFERENCES

\ Cuwfecy C Nacescu N & Floreseu D Middle ear
infection due to Vibrio alginolyticus Bacter ological
characterization Acta Microbiol Acad Sv Hung

26 95-98 1979
2 Enghsh V L & Lindberg R B Isolation of } brio

310

w

ES

w

o

-

o0

o

¥}

=

@

o

17

algmolynicus from wound and blood of a by
patient Am J Med Tech 43 989-993 19717
Ercsson H M & Sherns J € Anobiot
sensiivity testing Report of an snternational colt
borative study Acta path micrabiol scand Sect
Suppl 217 1971
Hollis D G Weaver R E Baker € N
Thornsberr, € Halophulic Vibrio species 1solat
fr;m blood cultures J Ciin Microbiol J 425-43
1976
Joseph S W DeBell R M & Brown W P |
vitro response to Chloramphemcol Tetracychn
Ampcillin- Geatamicin and Beta Lactamase pr
duction by halophilic vibrios from human ar
sources A b Agents ar
Chemather /7 244~248 1978
Larsen J L Fard A F & Dalsgaard |
Ecological studies on Vibrio parahaemolyt cus an
Yebrea alginal tcws wt Daush manne 208 esliazn.,
bathing areas In press Zbl Bakt I Abt Ong C
1980

Larsen J L Fand A F & Dalsgaard |
Unpublished results

McSweeney R J & Forgan Smuh W R Woun
1nfections 1n Australia from halophilic vibrios Med
3 Aust [ 896-897 1977

Otsen H  }ibrio parahaemoh ucus from discharg
from the ear In two pauents exposed 10 sea watet
Acta path microbio) scand Sect B 86 247-248
1978

Pien F Lee K & Hga H Vibrio alg nobscu
infection 1n Hawan J Clin Microbiol § 670~672
1977

Rollag H Mudnedt T Hovg B & Dokt O
Sensitivity patterns of bacteria and antibiotic usagt
at the National Hospital of Norway a1 1976 anc
1978 Zbl Bakt Hyg I Abt Ong A 2 44 515
524 1979

Rubim § J & Tilon R C Isolanon of Vibru
alginoly ncus from wound 1fections J Clin Micro
biol 2 556-558 1975

Ryan # J Manne vibnios associated with
superficial sepuc lesions J Chn Parh 29 1014
1015 1976

Schmudi U Chmel H & Cobbs € Vibric
alg noly arcus 1nfections m humans J Clin Muro
bol /0 666668 1979

Spark R P Frid ML Perry C & Watkins c
Vsbrio algimolyt cus wound infection Case report
and review Ann Clin Lab Se 9 133-138 1979
Vasconcelos G J Stang W J & Ladlaw R H
Isolation of Vibr o algmnoly fecus from estuarine areas
of south eastern Alaska Appl Microbol 29 557~
559 1975

v Graoent A & Carrngton G O Halophilic
© bir 0s trom (strattestinal lesions 1 man Infecuon
1 54 58 1973



BLE 3 Gronth Pastern of Identical Inocula of Ps fragiis N
N gonorrhoeae in the Blood Culture Media Tested

No of Blood Growth?) by subculture 1n parallel
oorgamsm organisms culture blood culture tubes after
10 the moculum medium
18 hours 42 howrs
g SPB 44 44
adomonas 4 oen i hod¢
o monas 4 SPB IS e
STSB 4y et
s § sp8 - r
STSB +44 ++t
bagls 12 SPB ey o
STSB pUoe pase
Trovrhoece 12 SNS% et Py
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TABLE | Formulae of SPB and STSB Blood Culiure

Media

Ingredient SpB STSB

(grams per liter)
Yeast extract 94 S0
Tryptic digest of casein 47
Enzymatic hydrolysate of meat 47
Tryptone 170
Soya peptone 3o
Meat extract 3o
Liver digest 10
Gelatin 120
Sodwm bicarbonate 22
Dextrose 23
Glucose 25
Sodizm chlonide 10 50
KPP0« 23
Adenine sulfate 001
Magnestum sulfate 02
Sodium polyanethol suifonate 025 035
Cysteir HCI 026 45
Sodium phosphate (dibasic) 0l4
Para aminobenzosc acid 005 005
Proline 005
Glutamic aaid 005
Nicounamide aderune dinucleoude 0 0025
Cocarboxylase 00003
Vitamin B 12 00001
Menadione sodium bisulfite 00002
Hemin 0005 0005
Guanme HCI 00003
Punified agar 001
Staphy ! s qureus Sirey us piesemoniae Sirep

tococeus pogenes Streprococeus faccalis Streptococcus
virndans  Bactcrodes frapfrs ssp frasihs  Candida
albicans  Nusseria  gonorrhocae  and 6 strans of
Newsserra meningutidis
Preparation of the moculum  Human blood was
obtamned by venipuncture immediately prior to use from
two healthy donors (A H and P S ) who had not recerved
antibiotics during the previous months  For each
* lood
25
ately
mixed The microorganisms were grown on agar plates
for 1824 hours at 37°C The apacrobic organisms
were incubated 1 a Gas Pak® jar On.ansms were
carefully removed from the plates wath a piaunum foop
and suspended 11 0 9% phosphate buffered saline (PBS)
pH 74 The optical density of each SUSPeASIN #as
measured and adjusted to give an opuical denstty of 0 6 at
620 nm  The suspenasion was afterwards serially dilvied
10 give a suitable number of microorganisms per mi of
PBS The size of the noculum was chosen to mimic a
low grade bacteraemia and at the same ime 10 av ord such
smalf numbers of microorgamsms that an uneven

2t

distribution in the tubes resulted The evact number
microorganisms used for inoculation was calculated
determiming the average colony forming units fro
plating 0 1 ml samples on three chocolate agar plak
Colonies were counted after 48 hours of incubation
37°C

One m{ of the suspension of mictoorganisms Wi
tnocutated 1nto each of the portions of fresh blood Tl
tubes containing the suspension of blood and microorg
msms were then thoroughly mited One fest organis
was dealt with at a (ime in order to moculate the bloc
culfure tubes as fast as posuble The ume used for eac
organism never exceeded five minutes

Inoculanon and evaluanon of the blood culture med .
The rubber stopper of each blood culture tube W:
cleansed with 709, ethanol Two ml of the mixture ¢
blood and microorgamsms was inoculated 1nto the bloc
culture tubes Three parallel tubes of each brand (SP
and STSB) were moculated 1n 2 random order Tw
parallels were prepared for two of the meningocose
strains Parallcl tubes of STSBG were inocutated for or
N gonorehocae stran and four N menmgidss stram
The bload culture tubes were turned upside down to m1
the contents and then vented by the use of venting umit
of respectuive brand The medta were incubated in air ¢
37°C At18h 42h 66h 90 hand afier 7and 14 day
of incubation the tubes were inspected for evidence ¢

growth and ltured alter thoroug
mixing Six drops of the medium were removed throug
the venung umit plated on chocolate agar and mcubae
at 37°C with 5% CO; for 48 hours except for 5
fragiis which was incubated m a Gas Pak® jar
Agar diffusion test The sensivity of 3N mumngind:
strains to SPB STSB STSBG and SPS was tested usin,
an agar diffusion test PD\ — Antibiouc Sensint!
Medium AB Biodisk Stockholm (PDM medum) wa
used for the tests The N menmpindis strains wer
grown on chocolate agar for 18 hours and a suspensto!
contatning approximately 104 colony forming unis pr
ml was made 1n 0 9% NaCl The surface of the mediur
was seeded with 5 m! of this suspension giving a den

TABLE 2 Ao of Vbl Microorgamsms Used &
Jracutate Eaclt Blood Culture Tube
Inocutum!
E coft 472
Kicbsiella sp 4/4
P mirabitis 8/8
H onflucn g 4/2
Séaph aurcis 110/6
S mogenes 614
S faecalss 12/22
S vindans 12716
S preumomac 16/14
C albicans 56/60

B
3) Colony formung unuts imocufated per blood culture
twbe Two strains of each species were examined



oth blood culture medza contawm SPS Eng &
and (41 bave shown that SPS may be harmful to
menngitdis and N h strains  This

tion of each component and combinations of them
asto their effect on N' merungitidis may therefore be
licated

s ehiminated by adding 1 2% gelatin to the
 culture media (3) Gelatn 15 incorporated 1n
16u o0t o STSB Tt was therefore thought
i that the lack of gelatn m STSB was the
 for the difference betw eent SPB and STSB as
288 the growth of Mersseria sp The experimen
redum {STSBG) from Terumo (STSB con

12% gelatin and lacking agar) did not

[ PTTTTT

%1 SPB (Table 3) Other factors 1n addition to
touaty of SPS to Neissersa sp must therefore
Ze 1o consideration to explain the poor growth
\ menngindis and N gonorrhoeae 1n STSB
e dffusion test m agar ndicates that SPB
s substances probably fackmg 1 STSB that
won the growth of N memingindis In addition
B seems 10 contain substances that inhibut the
“hof N memngunichs since a zone of reduced
Wb %25 produced around the well contawung
B Agartof s effect may e tue 10 SPS The
*of nhibited growth was however also noted
“ tesung STSBG In this medum the tovic
.ueI'SPS 15 probably neutralized by the gelattn
@( of the medwm 1t 1s therefore likely that
T coustituents 1 STSB may also contribute to
torx: effect seen,
w;uu medi2 also differ as to the content of
b Bas2s and pH (Table 4) The PO; 1s stightly
m‘nsmlhan n STSB(20 mm Hg and 12 mm
‘n f‘ms‘l’;]é) ('I;l;e PCO; 15 also higher 1w SPB
waney) mm Hg and 6 mm Hg
? SPB ad STSB are rather complex media
“LUAZ A number of undefined biological sub-
s such as soya peptone tryptone etc Evalua

The method of prepanng bactenal suspensions
blood exposes the memngococct to SPS without
gelatin (2) Thus factor operates equally on all
paratlels and cannot explamn the differences seen

Although bacteraemias caused by N memungitidis
are not rare m Norway 1t 1s doubtful if the
mportant difference berw een the two blood culture
med:a tested would have been detected in a chnscal
study This mught indicate a need for both 12 vitro
and m o studies to evaluate blood culture medra

This study does reveal a need for thorough
quality control of microbrological diagnostic devices
before they are released for ¢linical use

We thank Harald Goldstern Insutute of Economics
Utversity of Osto for conducting the stausucal analysis
of the data presented tn this study
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but not completely confluent growth The plates were
allowed to dry for 30 minutes Welis (7 mm 1n diameter)
Wwere made 1n the mediim and 0 | mi of the 1o

TABLE 4 Analysis of Sotuble Gases and pH in SPB.
STS8

be tested was placed 1n the well The results were read
after 18 hours of incubation 1n 5% €Oy at 37 °C
Analysis of soluble gases and pHt Samples were taken
by syringe and needle from two paralle] blood culture
tubes each of SPB and STSB and tested d, for

PCO2 PO; and pH on a Corming pH Blood JCvaS
Analyzer 165 before and immediately after inoculation
with 2 ml fresh blood

RESULTS

The wnocula used for the £ col Klebsiellz P
nurabilis H nfluenzae Staph aureus S Pyogenes
S faecalis § wiridans S pneumontae and C
albicans strains are shown 1 Table 2 For these
mucroorganisms 1o difference was observed be
tween the two media tested The } influenzge and
S wviridans strains and one C afbicans stram were
detected on subculturing after 42 hours of incuba
tion The other strains were detected after 18 hours
of meubation The sesults obtained on subcultuning
for the other microorganisms used are shown in
Table 3 For the whole study no blood culture
negative at 42 hours showed growth on subculture
later on

Small differences between the two blood culture
media are noted for one of the Pseudomonas strains
used and for one of the Bacteroides strams For the
Neisseria strains however the differences between
the two medta are statistically highly sigmficant
(p<<10-¢) SPB supported the growth of alf stramns
tested but only one of the eight strains was able to
grow iz STSB The experimental medium contar
ning 1 2% gelaun and lacking agar STSBG were
compared with the other two media {(SPB and
STSB) using 4 N memngitidis stramns and 1 N
gonorrhoeae strain (Table 3) Only for two stramns
was growth detected in STSBG

The agar diffusion test on PDM meditm using
01 mlof0025% SPSor 0035% SPS n the well
yielded a zone of no growth around the well The
drameter of the zone vaned from stram 10 strain
but all meningococcal strains investigated were
mhibited by SPS Around the well contaimng SPB a
10ne of enhanced growth of N memngitidis was
found m contrast to growth of smaller colopes on
the rest of the agar surface A zone of markedly
inhibited growth of N memngiudis was found
around the wells contamng STSB or STSBG The
size of this zone Was appm“:'a‘el)' T;l““r" ‘:’ ‘:;

of no growth found around the well contatn

:)c{lem{of OgO]S% SPS The pH PCO22nd PO of
SPB and STSB before and after the addition of fresh
blood are shown i Table 4

s

Before add ton of  Immed ately aft
Blood blood addstion of bloc
Culture Rt
medomt  pH POy PCOy pH POy PO
SPB v 0 57 72 38 3
S$TSB 70 12 [ 70 0 v
Ammof Hg

The tubes 1noculated with blood and microor
tusms Were compared with a negative control tu
contamning only blood from the same donor |
evidence of macroscopic growth For most of t
microorganisms used macroscopic growth W
easily detected in SPB This medium remarmed cle
‘when negative on subculture Macroscopic signs
growth of N memngindis and N gonorrhoeae e
usually detected 2 or more days after growth b
been detected by subculturing When STSB %
used macroscopic evaluation was very difficult Th
medium rematned turbid whether microorganist
were growing 1n the medmum or not Macroscop
growth was detected only when vistble coloar
were present 10 the medum 1f hemoly sis oocurrt
or if massive opaciy resulted

DISCUSSION

The present study does of course suffer fror
Limnations mherent when using an i vitro Methot
The number of stramns tested for each species art
except for the memngococct too small to permit

valid concluson as to the growth supporting abilit
of the two blood culture media and this part of th
study was meant as a screemng only The strait
used were freshly isolated strans from clmcd
matersal It 1s however obvious that bacteria fron
patients with septicaemia may be more difficult 1€
grow than steains already having been 1solated of
bactenological media Taking these limitatians 10t
consideration 1t 1s probable that only wmparauvel)
large differcnces between the two blood culturt
media tested can be detected by an in vitro rethod
In spute of this we have been able to detect important
differences between them Macroscopic evaluation
of SPB was usually easy m contrast to STSB Using
the latter 15 therefore Iikely 1o 1mpose a lot of extra
work on the bactenological laboratory since re
peated subcultuning and mucroscopical examinauion
will be necessary to ensure that there 18 no growth

m the med:
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wowp | contaned § ampitlincarbemiciiin sensiive A s/Ca s) strains  gfoup 2 contaned 16
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whenicllin resistant strams In group 3 |7 strams could transfer A resistance irange of transfer
“quency was (09010 10 75) The 16 strams i group 2 did not transfer A resistance more often than
1@anis arose from the reipient 10-88) The mutants of the recipient selected on A plates were A 1/
4 s/csphalothun resistant exactly as the stramns 10 group 2 The A resistance i group 3 Was probably
el ou plasmids and that of group 2 was based on mobilizable plasmids and/or chromosomal
sance The frequencies of transfer of fine an resistance of the
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MATERIALS AND METHODS

A Strams

‘The 49 clincal 1solates were divided nto the 3 groups
shown in Table ! The stratns appear in the same order
ut Tables 2 3 and 4 1n this paper as 1n Segaard (1979)

B Media

Medium | Modified Conradi Drigalski plates con
taiming nalidixic acid (Nal) 25 pg/mi

The modified Conradi Dnigalski plates have the
fallowing compositiont (Gaarstev 1980} demynerahized
H0 | luer peptone (A/S Orthana DK 2770 Kastrup)
Wrove e PN

' .

. . . ..
thiosulphate 2 ml 50% bromthymol blue 10 ml 1%
sodium dodecylbenzolsulforate (Maraml pasta A 75
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MATERIALS AND METHODS
A Strains
The 49 chinical isofates were dyvided 1nto the 3 groups
shown 1n Table } The strains appear 1n the same order
i Tables 2 3and 4 1 s paper as 1 Sogaard (1979)

8 Meda

Medium | Modified Conrads Drigalski plates con
taung nalidixic acid (Nal) 25 pg/mi

The modified Conrads Drigalski plates have the
followng composiuon (Gaarslev 1980) demineralized
H20 1 tuer peptone (A/S Orthana DK 2770 Kastrup)
10g yeast extract (Oxoid L 21 Oxond himited Basing
sioke Hampshure Great Britain) Sg NaCl S g Japan
agar powder (Nordisk Droge DK 2100 Kebenhavn O)
118 lactose 27 ml 33% glucose 1 2 ml 33% sodium
iosulphate 2 mi 50% bromthymot blue 10 m} | %
sodwm dodecylbenzolsulfonats {Maramy pasa A 75



TABLE 1 £ toh Swralns Used

Stramn Phenotype Source
Chincal 1solates group ) (n=R) AsiCas Sogaard (19793
Chincal 1solates group 2 (n = 16) Ar/Cas Sogaard
Clincal solates group 3 (n=25) AciCar Sogased

h 12 W3132naft F™Met"Nal r ] Orskor

K 121100 F Km FKmr

K Nordstrom

Abbreviations A =ampiaillsn Ca = carbemicillm Nal = nalidsxic and Km = Kanamycmn s = sensitive £ = resist?
Met = methionine ) = a naldixic acid resistant mutant of stram W3132 {Sppaard 1973)

Broste P A/S Dk 1415 Kebenhavn K) | m1 5% pH
adjusted 1o 7 7-7 8

As appropniate the plates wefe supplemented by
sulphonamide {Su} 190 pg/m! tetracycline (T) 20 pg/ml
streptomyern {8} 20 pg/mi chloramphenicot (C) 20pg/
mior A 10 15 20 or 25 pg/mi The plates with Su were
peptone free

Medium 2 The plasmid transconjugants were tested
on methonine (Met) free and Met contaning plates of
the following composttion KzHPO4 7g KH2POs 3 g
sodwm awate 3 H0 03p Mgl0s T HO O1g
{NH4:504 12 glucose 5g agar 25g Hy0 1000 ml
The Met plates contained [0 pg Met/ml

Medium 3 Resistance plates (Casals & Pedersen
1980 p 6-7}

Medium 4 5% blood plates (Lawirop er af 1979)

Medwm 5 Infusion broth

Medwm 6 Water agar (2 5% Bacto agar in distiiled

of the recipient Al the donors could grow on Met !
medtum 2

From an overmight culture of donor and recipient !
m} was spread as control on the same plates as the m»
culture

The pumber of CFU in the mxed culture
determined both on medwm 1 and medwm 4 1
ifference betnecn the wo counts was the numbes
donors n the mixed culture

D Mobitization Assay

This assay was done 10 two steps

Step | The E colt strain K 12 1100 F Am wasus
as donor of the F factor Nine climcal isolates of grovt
(A r/Ca s} were recipents The transfer was done
described an C A r/ham T congugants Were wsolated ¢
medium 1 with A 20 yg/m) and kanamyewn 20 weft
but without Nal

Step 2 The hm r chinieal 1solates from step 1 ¢

H;0)
Medium 7 Agar plates {concentrated ox broth with  used 1n a direct transfer With £ colt K 12W3132 nal
agar 1 7%) reciptent as described m C

Al substrates were obtaned from the substrate
depariment Statens Serununstitut Copenhagen
All cultures were done at 35 °C

C Direct Transfer Assay

The transfer was performed as described by Bergfors
et al (1972) The donors were grown 1o medum 3 1o 2
density of approx (08 CFU/Q t ml (mean fog CFU/0 1
mi 798 sd 048 range 6 0-8 7) The reuprents were
grown in medium 5 with shaking 10 a density of approx
108 CFU/0 | ml{mean log CFU/0 I m17 88 sd 0 45
range 6 3-8 5) Donor culture (0 1 wl} was quxed with
1 0 mi of recipient culture The mixtuse was incubated at
35 °C for 2 h before 18 ol of medwm § was added
After overrught wncubauon the broth was diluted 102
104 and 106 0 1 mi of undiluted and 0 1 ml of the 3
dilutions were spread 08 appropnate plates of medism 1
Transfer of resistance to each antibouc was 1ested on
separate plates if any colomes appeared on the plates
two were used for resistance determination on medium 3
with he agar diffusion techmque (Casals & Pedersen
1980w Su TS C Ce A Caand Nal to confirm the
transfer of resistance traits Material from the colomes
was afso tested on Met free and Met-contaamns med;un_\
2 to ensure that the copjugants had the phenotype Met

~ve

E Resistance Test

This test was made as an agar dsffuston gest {Casals:
Pedersen 1980) using medwm 3 and annbiotic di<
(Neosensitabs®) A straim with diameter of whibit
20ne less than 23 mm was cofled sesistant o b
antiblotic 11 question

£ Coficin Production Test

If the recipient (W 3132} was eradicaed from v
mixed cultures of donor and recipient the donor w3
suspected of producing colian This was shown y
follows A colony of the donor was grown on an ag
plate {mediwm 7) An overnight culture of the recipie
(W3132) was made 2 ml of hot hiquid medium & ¥
mixed with 2 ml of recipi¢nt culture and poured ovet §
agar plate with the donor colony The plate was the
incubated overmght at 35 °C The formation of a cle.
zone wnhout growth around the donor colony showe
the cohein production N

G Marterwals \;
The following antibiotics were used 1n the plate
lhn D and (Fugacillm®

A
Astra A/B Sodertalje Sweden Sulfadimidin Danmari:




\weeterfo enng (DAK) DK 1611 Kobenhavn V
»aqklm, DAK Dibydrostreptomycsm sulfat, Nord sk
‘)«r DK 2100 Kebenhavn © Kloramfen col DAK
\udteard Sterl ng Winthrop A/S DK 2100 Ke
%0 O Kaamyomsulfat, Lundbeck DK 2500
by

RESULTS

1shows the frequency of transfer of A R In
13(At/Car) 17 of 23 strains were able to
fef ther AR usually with high frequency
straim produced colicin (col) and one was

group 2 (A1/Cas) 5 strams were omtted
§ 1o col formation or NalR Among the

E2 Frequency of Transfer of Ampc lin Res's
®among ¢1 Amp c i n Res stant E. col Stra ns

e Ar/Caslgroup 2) A r/Car (group 3)
n o6 n 25

remamning 11 strains only one (resistance type SuS}
could apparently transfer 15 AR i the first
attemnpt The transfer frequency of this stramn was
very small 10 7%(Su or § R was not transferred)
The difference i frequency betw een the tw o groups
15 sigmificant by Wlcoronss test (p <0 01) The
experiment was repeated n the same manner for all
11 strams except the two stramns that transferred
SuTS and T R respectuvely (Table 3) One (rests
tance type O) out of these 9 strams apparently
transferred A R (frequency 10 74 The strain
menuoned above did not transfer AR mn this
expersment

When 2 x 10% bacteria of the reapient W3132
were spread on medium 1 with A (20pg/ml) + Nal
{25 pg/ml) 3 colomes of Ar bacteria were
observed (frequency 10-%2) These three mutants
were Cas and Ce r as the strawns i group 2 The
frequency of S r mutants of the reciptent was also
1088 NoSu T or Cr mutants were observed
Nal r mutants of the donors were observed with 2
frequency of 10 73

¢ 17

57
75

34

27
Ny

cot

-5
-7

ot Nalr
col 00

Nafr
Ml ¢

N
"cz: ‘t\?wm 35 10g 10 the rauo bera cen the
iy " 874 the number of donors
Qmmmm;‘ S teratyclne S streptomyc n
gy ey O, D01 stnce 0Su T Sor C
- =~ col an produced by the
¢ legend 10 Tahye |

As d by Sogaard {1979) 2 strains 1n
group 3 had the same resistance profile as the
bacteria i group 2 1 ¢ less resistant to Ca thanto A
and very resistant to Ce No A R transfer was
observed with these 2 strams One could transfer
SuR (frequency 43) and the other produced
colicin (Table 3)

Table 3 shows the transfer of the resistance traits
Su T Sand C Su R was transferred from 2 {6) |
(7} and 9 (16) strams tn groups 1 2 and 3
respectively  Figures in parentheses show the
number of strains tested T R was transferred 1n |
(2) 2(3) and 5 (8) cases 1n groups ! 2 and 3
respectively The corresponding numbers for $ R
were 2 (6) 1 (7) and 8 (16) CR was transferred
from 5 (8) strains 1 group 3

The transfer frequency of A R of each stram in
group 3 was approv the same as the transfer
frequenctes of Su T S and CR (as applicable)
Wi & ssuborouy gamifr of ol
resystance trarts (Table 2 and 3)

In group 2 none of the two strams that
transferred SuTS and T R respecuvely transferred
AR

The mobilization assay was done with the 9
group 2 strains mentioned in the second paragraph
The results are shown in Table 4 A R could be
transferred from 4 strams The highest frequency
®as |01 The bacterta of the observed colon es on
the A plates were A r/Ca s/Ce r and had no other
resisiance trais except one which showed T R The
transfer frequency of T tn this mating was very high
(10 19) Three out of the § strains with resistance
Gpes SuTS and SuS could transfer Sy T and/or



TABLE 3 Transfer of Resistance Traws (4 mprcillin Excluded) According to Resistance Type among 33 E ol Strq

Resistance A s/Ca s (group 1) A r/Cas (group 2)
o Al A p :l\_rlg:a r {group 3)
SuTSC SuTSC(-63 05 0637
SuTSC{-69 63 ~57~63)
SuTSC(-68 -73 ~73-74)
SuTS Nal r SuTS(-31-27 —49) SuTS (36 -34-53)
SuS(-38 <4 0) - -
Nal r T (13 T (2%
T 68 Nalr ~
<ol
SuSC -
SuSC (15 -16~16)
SuSC (070605
SuS -

SuS(~39 -40) -

SuS (58 -53)

Abbreviations See legend to Table 2

Parentheses show the transfer frequency of corresponding reststance trait

SR None of the colomes formed showed A R 12
out of 22 colorues tested showed Km R

TABLE 4 Transfer of Resistance Trauts in Mobili ation
Assay of 9 4 r/Ca s E coli Strans

Resistance type

SuTs
SuTSA(~66 =10 63 -6 8)

Nal r
SuS (~64 -649)

SuSA (~56 -57 -4 1)
A (80

Sus

~strain not tested
See fegend to Table 3

320

Su (43
SuS (=50 -50)
DISCUSSION

The results suggest that the A R seen in group
was based on plasmuds while the A R mn grovp
were not transferred 1n the direct matings (Table 2
The other resistance traits could be transferred fron
some of the strains m groups 1 and 2 (Table 3) Th
transfer frequencies of these resistance trais i
groups | and 2 were as high as the frequencies
group 3

From Fig 3 of the paper by Bergfors et af (197
1t can be concluded
a Ar strains with high resistance can oft

transfer their resistance and confer a high degr.

of resistance in the recipient
b A r strains with lower resistance cannot usual

transfer their resistance

The results m this paper confirm these findin
and show that the group of A r/Ca s E colistran
comprises or al least belongs 10 the strawms mentione
above under b

Group 3 (Ar/Car) could transfer AR ver
often and had a high degree of resistance Th
agrees well with producton of class I 8
lactamases as these enzymes are plasmid mediate
and have a high activity agamst A (Richntond d
Sykes 1973) Plasmids with genes for class TII
lactamases are known to be widespread

In the matings with donors of group 2 A1

-



s were found with 2 smalf frequency 1n two
< These cofonues consisted of A r/Ca-s/Ce T
2. The overall freqoency for A-R wiransfer«
oup 2 was 1020 This frequency does not
rom the {requency of spontaneous A-r
114 ) obramed 10 the control expenments
15} These mutants were A-r/Ca-s/Cer, i€
ime phenotype 2s the strains i group 2
fore 1t 15 3 possibility that the group 2 strawns
toduced by mutation The mobilization assay
ser showed that A R transfer from some of
rang 1 group 2 could be established by means
\F fartor (Table 4) The frequencies were small
sran though showed transfer of A-R with a
ency of 1041 Thys duffers from the frequency
A mutants of the recipient (102 It seems
&fe that this strain had a mobiizable plasmd
imeg A-and Ce R
b AR 1 group 2 {A-r/Cas) could be
uned by a chromosomal penrcillinase, 2 plas-
Teliated penycillinase and/or smtrinsic resis-
¢ Burman et of (1968) compared two 1sogenc
250l £ cafi K-12 one with 2 plasmud and ane
<t The former strain had a plasmid mediated
azase with higher actvity against A than the
"msomally mediated § lactamase of the Iatter
& 0pg/mt was the highest

chromosome This plasnud 1 an £ colt K-12 host
gave resistance 1o A 32 pg/mi, Ca 8 pg/miand Ce
125 pe/ml (nocutum 102 CFU) That was the same
profile as the group 2 strains had i thys mvestiga-
tton, and the resistance levels are about the same (A
81 pg/ml, Ca 15 pe/ml, Ce =421 pg/mi,
noculum 1047 CFU/mN (Segaard 1979) Thus ntis
possible that some of the group 2 bacteria harbour a
mobilizable plasmud like that of Bobrowsk: et al
(1976)

Another explanatton of the A-R observed i
group 2 could be wintrimnsic resistance In that case the
outer membrane should be more permeable 10 Ca
than to A and Ce Plasmud free Pseudomongs
aeruginosa strans have the same profile Some
mutaats of these stramns have almost the same low
MIC to A, Ca and cephalosportn {Richmond &
Sykes 1973, Table 21) The resistance of the former
Straws 15 mierpreted 2§ NS Tesistance, while
the mutants bave lost theirs

There 1s also the possibility that the A-R of group
2 strauns 15 based both on chromiosomaliy-mediated
pemcilhrase and intnnsic resistance as described by
Boman et al {(1974)

The pature of the A-R 1n group 2 {A-r/Ca sl can
be further clanfied by @-lactamase vestigations

tihng growth for the strain without a plastid
Hanst 100 pg/ml A for the stram wath a
2 The mean ICso with A of group 2 (A-r/
Y ths wvesugation was 81 pg/ml and of
2YA1ICa 1) 21112 pp/ml Sopaard 1979
‘Zoculum was much greater 1n the Latter than 0
b wvesuganon (1047 vs. 1000 CFU/ml)
'“ﬂmosomuy mediated reststance 10 A Vol
e st step the ampd gene (Eriksson Grenn-
?1968) Higher fesistance to A 1s obtained by
.‘Iﬁ:‘:" of the amp8 geve (Nordstrom et ol
e porvty 10 Ca and Ce of £ colf strauns
mmltns Was not recorded The spontancous
b 15 of he recipient and the group 2 stramns
The oy Bthn. Aoy, s it st
iy 0 810U 2 (Ar/Cas) were very
“hacm B lactamases of enzyme class 1 have
1 AUNRY agains) cephalvenar a DIk~ £

1'“"’“‘:0”"”““’4 A Rin group 2 deserves some
PN ; The » plasmuds« could not be trans-
gy GUT a3y but the AR was
‘l‘uw’“ﬂw of the strains Bobrowshs ef af
Sz a0 S00ng of a plasmid mediated B
%“:?’rzuuhzbk from the chromosomat
B ey <ot They mentioned the hypothe-

Plasmid onginated from an £ colr

Lam indebted 10 Muss L -L 8 Jorgensen for techmcal
assisgance
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URIFICATION AND CHARACTERIZATION OF ALEUTIAN
DISEASE VIRUS

BENT AASTED

patment of Veterinary Virology and Immunology The Royal Vetermary and Agncultural
Unnersity Copenhagen Denmark

asted B Punficauon and characterization of aleutian disease virus Acta path mucrobiol scand Sect
88 323-3°8 1950

irus was 1solated from infected mink organs by a of ussue

iracuon and uhtracentnfugavion The final preparation was analysed by érossed immunoelectrophore
s and electronmicroscopy  Vurions had a capsid diameter of 27 nm  Preparatve agarose
evophoresis separated vinons from contammating ferntin Crossed immunoclectrophoresis of virus
we a single precipitate with sera from infected mink  Crossed immunoelectrophorettc analysis with
tmediate gels showed that 2 part of the virus preparation was complexed with antibody Serum
o 3 ceram mink was found o contarn antbody to {poly ¢ Virus and virus
body compleves were found (o focus at pH 4 0—4 4 i 1soelectric focusing In SDS polyacrylamide
*lelecrophorests the main virus protem was found to have a molecular weight of 69000 This study
s further support 10 the ¢lassificaton of aleuuan disease virus 25 a PAIVOVIFUS

9 Words Aleutian disease sirus Plasmacytosts Parvo vindac

} Auwied Dept of Yetermary Varology and Immunology The Royal \eterinary and Agniculturat
-mversity 13 Bulowsve; DK 1870 Copenhagen Denmark

“EN0 Accepied 29 vn 30
an dsease of mink (plasmacytoss) 1s
2by a persistent virus ifection which gves 2
A polyclonal  hypergammaglobulinemta
‘vkm of Mirus anigen angbody and comple
rha\: been found 1n connection with glomeru
r’:“(ilélm]i’:ncn\nus in the terminal stage of
[;ff“m Published physical-chemical parame
mnt\lhax\ Ssase (ADV) ndicate that the virus
md"‘lﬂ“ (13 16) These studies include the
oy ;:Slty of the particles (7) and the presence
an I“"“" anugenis) in the nucleus of infected
oue Owever theonly two evsting reports on
('n; ¢ anlyses of ADV agree about the
Slibreetow molecular weight polypepudes
._m:r:mmfmrm virus ke (15 20) and not
Ly m"" panvo-vsrus (19) Becguse of the
‘&xsyw \rsome of the chemicals used in the
P l‘rcak:om“on Procedure of ADV mght
0 products of the virus Ppolypeptu

des we have chosen preparative electrophoresis as
an alternatve final punification method 1nstead of
denstty gradient ultracentrifugation which normally
has been used (15 20) The mtention of our studies
has been to study the nature of the virus antigens by
physical-chemical analyses and to characterize munk
antibodies mduced by the virus mfectton and
thereby give an eluaidation of the problem A
prelmunary report of the results has been given
elsewhere (1)

MATERIAL AND METHODS

Infection of Ammals

Sera from healthy mink were tested tn countercurrent
€lectrophoresis (8) and found to give a negauve reaction
agamst ADV antigen These munk were then injecied
with organ material 1solated from infected mmk and
killed on day 10 after injection The exact procedure has
been described by Brummersiedt (5)
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Production of Virus Antigen

Virus was partially punfied by tissue homogemization
m phosphate buffered saline (50 mM phosphate, 100
mM NaCl, pH 7 0) freezing and thawing the homogenate
4 ttmes and fluorocarbon extraction (2 weight parts of
homogenate mixed with { weght part of fluorocarbon)
as described partly by Ingram & Cho (13) The
supernatant was collected and the tissue phase was re-
extracted with fluorocarbon The combined supernatants
were centrifuged at 7000 x g for 45 mun to remove

Isoelectric Focusing in Agarose Gels
Isoelectric focusing 1n agarose gels was carned o1
described by Rosen et af (18)

125-1 Labelling

125-1 labelling was carried out by the 1odogen me'
(10} the chloramine method (12) or by the Bol
Hunter method (4)

SDS-Polyacrylamidegel-Electrophorests
s )

remaimng solids and the was

ged at 156000 x g for 2 hat 10 °C The pellet was re-

extracted with fluorocarbon (The step 1s also referred to
f

S-polyacry was car
out in slab gels as desenbed by Laemmibr (14) Sam
were heated to [00 °C 1-2 min 1 sample buffer be

as of virus, 1e of
determinants on virus)

Prep of Mink i fobul!
The virus antigen preparation was immobilized by

Electronmicroscopy
Electronmicroscopy was performed by 5 Bloch at
department using urany] acetate stan The method 1

coupling to N activated Sep

4B as described by Cuatrecasas (9} 1 ml of this matrix
was packed into a column and 1 mt of a pool of sera
from 20 infected mink was passed through the column
The column was washed with 10 mM phosphate, 150
mM NaCl buffer pH 70 to Ajso less than 0 01 and
eluted with 0 2 M glycine buffer pH 3 0 The pH was
finally adjusted to 7 0 with NaOH The eluted protein
was analysed by crossed immunoelectrophoresss (2) and
sodium dodecy! sulphate polyacrylamide gelelectropho-
resis (14) and found to be immunoglobulin

Production of Rabbit Antisera
Rabbits were immunized subscapularly with 100 pg
of erther the virus-antigen preparation or mink immu-
1n Freund's adjuvant
for antiserum preparation

Crossed Immunoelectrophoresis

Crossed immunoelectrophorests with and without the
use of intermediate gels was carried out as described by
Axelsen et at (2)

1n some experiments Concanacalin A was used 1n the
first dimension gel 1n a concentratton of 100 pg per mt of
agarose for glycoprotein tdentification (6)

Prep. Agarose Electroy

Preparative agarose electrophorests was carried out in
1% agarose blocks of 120 x 100 x 5 mm in 20 mM
barbital buffer pH 8 6 Electrophoresis time was about 2
hat 50 mA After electrophoresis the agarose block was
cutnto 20 preces (120 X $ x 5 mm)and a small part of
each prece {5 x 5 x 5 mm) was 1aid directly on an
agarose gel contamung sérum from an infected mink or
rabbit antiserum to the vifus-antigen preparation (rocket
electrophorests see ref 2) The agarose pieces posiuve
for virus and ferntin (1e gave a precipitate rocket
electrophoresis) were centrifuged at 40000 x g n 30
run at 4 °C, and the supernatant was collected

For solaton of the (poly)nucleotide present 12 the
virus antigen preparation, preparative agarose electro

tinuous elution was carried out (Savant
phoresis with conty e 19

ployed

pp:
prep
The same bufler system as above was em]
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has y been descibed (5)

RESULTS

Purification of Aleutian Disease Virus
Crossed immunoelectrophorests of virus anti
prepared by fluorocarbon extraction and differer

ferntin

Fig 1 Crossed immunoelectrophorests of 10 p! of viru
anugen preparation with 8 3 p! rabbit antiserum to d
anugen preparation per cm? of second dimensic
agarosegel

A
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Wmv;:a;z’uom sola ed by preparauve agarose
0 3gn fea on 140000 x  The bar repre

P

&“E;"z? {56 Matenal and Methods) 1s shown
Sraon. an 2 rabbt antiserum 1o the same
Vorsly ‘h;:m;n was the dom naung prote n as
it I%“ Y electionm croscopy (S) There
® " umes more ferrit n molecules than
rlfhm and y:
Jose elerty,
Tnangy,,

IrUS were separated by preparauve

orhoresis The purity of the wsolated

mms ontain ng fract ons w as estimated

~ nmqm%mpy 2s shown i Fig 2 No

Y Ures wete found i the virus Prepara
Ve versy

Analysis of Virus by Crossed Immunoelectrophores s

The virus preparation was analysed by crossed
ymmunoelectrophoresis against both a rabbit antise
fum to the virus antigen preparation (antiserum
aganst both ferntin and wirus) and sera from
infected mink {anuserum fo virus) Oaly a single
preaip tation arch was found in a position corre
sponding to the reaction between virus and antibody
Fig B

When con A was mncorporated nto the first
dimenston agarose gel of a crossed immunoelectrop-
horesis no mhib of
was observed for virus This indicates that no con A
binding sugar residues are coupled to the virus
capsid polypeptides

Virus was radiolabelled with 1251 by three
different rodmation methods No d fference was
found 1n odmation capacity of the different
methods and generally only small amounts of
10dine could be incorporated 1nto the virus particles

When radiolabelled virus was analysed by
crossed immunoelectrophoresis  exactly the same
precipitation arch was found as the one shown m
Figs | and 3 Autorad ography of the electrophore
sis 15 shown 1n Fig 4 Only one preapitation arch
was found the one corresponding to the virus
antibody reaction The form of this precipitation
arch indicated that 1t consisted of a relauvely strong
symmetrical precipitation zone and a trail zone 1n
the d recuon of the application well Thus precipitate
was analysed further in crossed immunoelectropho-
resis wilh intermediate gels contaming 2 rabbit
antiserum to mink immunoglobulin(s} as shown n
Fig 5 It can be seen that the rabb t antibod es 1 the

o~

Fg 3 Crossed mmunoelectrophores s of 10 wt of v rus
preparat on with 0 033 ul serum from an nfected m nk
per cm2 of second d mens on agarose get
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Fig 4 Autoradiography of virus antibody 1mmune
precapitate from crossed immunoelectrophoresis  The
assow ndicates the apphcation sht

mtermediate gel reacted only with the »trail zoneq
while the serum from the infected mink reacted
manly with the symmeinical {pure) virus compo
nent

Estimation of the Isoclectric Pont of Virus

Isoclectric focusing n agarose gels of vitus
followed by wentfication of virus by a second

gel no 2

gel no1

-

Fig 5 Crossed immunoelectrophoresis of 10 ul of viruy
preparation with 10 pl rabbit antiserom against mingk
immunoglobulin(s} per cm? of tntermediate second
dimension gef (gel no 1) and 003 I serum from an
infected mink per cm2 of second dimension gel (gelno 2)

136

pH Distribution
9

Fig 6 pH distribution in an 1soelectr. focusing agarose
gel After focusing the get contarning 50 pl of virus was
overlaid on a second dimension agarose ge! contnning
0033 yl serum from an nfected mwk per cm? of
agarase gel for virus Wentification

dimenston electropharesis of the focusing gel into
an agarose gel containg antiserum lo Vvirus
elucidated that virus (and virus antibody complexes)
focused at pH 4 0-4 4 Three precipuation arches
were seen by this technique as shown in Fig 6

Demonstration of Free (Pob )Nucleond in the Virus
Antigen Preparations

A very fast moving molecule was found m
certain virus antigen preparations when they were
analysed 1n agarose electrophoresss The molecule »
mugrated to more than double the distance of the
virus and the virus 1s 10 gself a fast moving
particle This fast moving molecule was 1solated by
preparative agarose clectrophorests An absorpuon
spectrum was oblamned and the solated molecule
had a mammum absorbance at 260 nm The

oynuce de
~ s

s 7 Crossed unmunoctectrophoress of 10 ul of virus
anugen preparansn with 0 033 W serum from aunk no
24 pur om? of second dimenston gel The arrowhead 1

indicates the application sht
X



cutecould be stained with tohudine blue and in
e electrophoresis 1t mugrated to exactly the
+dwuance as a D\ A preparation prepared from
w4 ok organs When serum from a certatn
t (\o 24) was mcorporated tnto a second
sion agarose gel precipstates were formed
st both the virus and the new molecule 2s
samFig 7

racters ation of Virus Pol pepides

T virus preparation isofated {rom the prepara
aearose gel electrophorests was analysed by
3 polyscrylamidege! electrophoresis with and
1ut 2 mercaptoethano! as seen in Fig 8

TRYP

e g
M ‘%’m Wmeine scanmng of an 11%  SDS
[P e gel of A 75 W of virus preparauon
ol :’Hnmoe\hanul {2 ME) trearment
v “!bn Protems $ g of each (BSA - Bovine
Yo l;mmn[[\l,ébﬂ‘)ﬂ O\ Ovulbunus of M
N, TYPSinogen with \f 24000 and LYS
oy ;ln:““h M 14300} wathout 2 \IE treatment
smxk"“ms preraration with 2 \ME treaiment
s vrb-::m S ug of each (the <ame 4 35 m B
™ T, Ta~ogiobutm with M, 18300) with 2

BSA 0A TRYP LYS

RADIOACTIVITY

SLICE NUMBER
Fig 9 Radwacne distubunon mn an 11% SDS
polyacrylamide gel of a 125 [ labelled virus preparation

A single polypeptide with M, 69000 was found
In one sumilaf experiment a faint second band with
M, 59000 was also seen 125 1 labelled pure wirus
was also analysed by SDS polyactylamude gel

The radioact b msuch
agelisshowninFig 9 and it confirms the presence
of a 69000 molecular weight band as did
radwautography

DISCUSSION

This study introduces a new electrophoretic method
for virus purificaion Nermally ultracentnifueation
in gradients has been used for the final virus
punification step (7 15 20)

Virus was found to be partly covered by antibody
giving a trail 20ne 1n crossed immunoelectrophore
s1s

Virus (and virus antibody complexes) were found
to focus at pH 4 0—4 4 1n 1soelectric focusing gels It
should be pointed out that there 1s an uncertaincy n
estmating 1soelectric points at the end of a pH
gradient as the one im Fig 6 However the pl values
of 4044 are consistent with the electrophoretic
mgration seen 1n normal agarose electrophoresis
where virus migrated m front of human serum
albumin used as a marker protein (pl of human
serum albumtn = 47) Becazuse virus migration
was not found to be inhibited by Con A incorpora
ted into the agarose gel during electrophoresis 1t 1S
likely that vtrus capsid proteins are not glycosy lated
Acid sugar residues coupled to virus proterns cannot
therelore be responssble for the low isoelectric
focusing pomt of virus

Three precipriauon arches were found when the
ssoelectric focused wirus and virus anubody com
plexes were analysed by rocket electrophoresis Tt is
Dikely that the most acid particle (electrofocusing at
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PH 40) 15 virus uself and the two other
comp are virus d with different
ratios of antibody

Free (polylnucleotide was found in some virus
antigen preparations It 1s quite posaible that the
flucrocarbon extracton destroys some virus partic
Jes causing the liberation of virus (poly)nucleotide
The ultracentrifugation procedure used for the varns
antigen preparation will pellet some of this {poly)nu
cleonde

It was found that serum from a certain minh had
antibody 10 this (poly)nucleoude The production of
such anubodies in mfected mink has been reported
before (3 2{) It 1s bowever uncertan how
frequently sera from ADV infected and non ADV
infected munk do contamn such antbodies The latter
group of sera will most hikely give false posmive
reactions 1n countercurrent electrophoresis for the
diagnosts of ADV mfections (8) This question 15
under study in our laboratory

When various virus preparations were analysed
by SDS polyacryfamide gel electrophoress the main
polypeptide was found to have a M, of 69000
Occastonally a faint second band with M, of 59000
was seen W hen the same analyses were performed
with 125 1 labelled virus the presence of the M,
69000 molecular weight component was confir
med The 69000 and 59000 polypeptides found 1n
this study of ADV are comparable to the polypeptt
des of the parvo viridae (19) The apparent inconsis
tency of the finding of these polypeptides with
regard to the three low molecular weight polypeptt
des published by others (15 20) cannot at present by
explamed but it may be suggested that the
troduction of preparative agarose electrophoresis
as the final purification method insteag of gradient
ultracentrifugation gave parvovirus related polypep
tides when putified virus was analysed in SDS
polyacrylamide gel electrophorests

The techmcal assistance of Miss Lene Raaby and Miss
Ul Jorgensent 15 avknowledged The studv was supporied
by a grant from the Dan sh Fur Breedrs Association
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CHARACTERISTICS OF ANTISERA AGAINST
PERIODATE-RESISTANT MEMBRANE ANTIGENS FROM
NEISSERIA GONORRHOEAE

SISSEL f ROE GURL EGGSET OLE JAN IVERSEN and JOHAN A MELAND

Trondheim Regonal Hospital Deparyment of Mucrobiology Unversiy of Trondherm N 7000
Trondherm Norway

Ree S F Eggeet G Iversen O J & Maland J A Charactensucs of antisra aganst penodate

rystant membrane anugens from Aeisserid gomarrhoege Aca path microbiol scand Sect B 83 329~
4 1980

Crude ourer membrane (OM) was prepared by extraction of bacena of the Nesssera gonorrhpeae
sats 8551 % and VII with an EDTA buffer The prep: contaioed the
Epopolysaccharide (LPS) and at feast 10 protens as shown by SOS-polyacrylamide gel electrophoresis
metzaton of rabbits with untreated OM resulted in production of anubodies against Several
Lwg'ss mcluding LPS Antisera raised against peniodate treated QM did not contamn annbodies agansy
These faner antisera agglunnated heat treated (100 °C 60 mun) gonocea! cells by means of
ambodes to ane or more common agglutnogens and agamst a strain speafic Agglutinogen that was
SusXpuble 1o digestion with proteolytic enzymes Both shide agglutination and a plate agglutination test
Sould be wsed ¢9 detect antibodies agamst these agglutinogens

ey ®ords Aersseria gonarvhoede membrane anugéns periodate resistance

} A Maelang Department of Micsobiology Regtonal Hosputal Umiversity of Trondhem N 7000
rondheim Norway

R 19VE0  Accepted 30 vis 30

o are hetergeneous with regard to
;&-—;“ Specificity of some of the surface structe
byt ebacterial cells These structures include the
o $0%0cotey (3 15} and componenss of the
| ‘n}rsn\xbrme (OM) such as the hipopofysaccha
Pt T OV provens 14 8 9 14) This
?mm!t has heen attaimed by the use of different
) rynl:ilmqus some of which may be 100
; outing sefatyping of the bacterium
:\&‘:m Sandsiron & Danetsson (17) reported
th::en 10 whole cells of gonococtr were
Iy and used 1n a co-agglupnation test
L’;:U‘ﬂﬂ 80nococtal celts could be classified mio
vy R tlasees each winth 3 nupnber of sub-
Reszy
‘5";&; oned from ths laboratory  have
1 oo Yok G proveans and LPS function as
S 1 heaed gonococts (1) Henee
.,«/”s.‘

L

A

serotyping of the bactenia on the basis of pratemn
agglutinogens may be wnterfered with by ant LPS
anubodies and vece versa

This report describes the results of experiments
designed to saise antsera that contained anubodies
to protem agglutinogens of the Aeisserta gonorr
hoeae suains 3551 'V and VI but not antibodses
10 LPS Rabbuts were immuntzed with OM oxidized
with periodate to destroy LPS and the antisera
obtamed Were compared with sera from rabbsts
mmunized with untreated O\

MATERIAL AND METHODS

Bacteriaf Strqins and Culture

The A gonorrioeae stratns 8551 V and VII colony
opes T3 and T4 were cultured and harvested as
previously (1) except that the culture medium used (18)
w33 supplemented with the following antibiptics Lanco-
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mycm chlorde (1 pg/ml), Amphotheriein B (1 pg/ml)
Toumetopnm lactate (65 pg/ml), Colistin sodiym
methanosulphionate (6 5 pg/m!}

Preparation of Antigens

~ ' "y
Manshetrm & Kasper (10) The final preparations wer—e
suspended 1n disulled water, lyophilized, or kept frozen

(8 mg/ml)
Lipopolysaccharide (LPS) LPS was prepared by

of whole cells with phenol-water.
and punified as reported earlier (12) To make 1t ready for
the of sheep ery ytes,

was treated with NaOH and digest
reported {14)

Antigentc b A crude was
prepared by the extraction of whole gonococeal cells with
alkah (11) The preparation was treated with periodate (0
destroy LPS and was then used for the sensitization of
sheep erythrocytes with the protein determinant & as
described previously (12)

with pronase as

Serological Methods

Bacterial agglutinanon The titre of antiserum against
heat-treated gonococer (100 °C 60 mun) was determined
using a glass plate agglutinauon test as reported (1) Shde
agglutination testing was performed by the mixing of one
drop of antiserum diluted in phosphate buffered saline
pH 7 2 (PBS) with one drop of the suspension of heated
gonococer standardized to a turbidity of 2 McFarland No
5 standard The shide was agitated by hand for up to 150
s and the agglutination read in oblique Light was graded
as follows agglutination appearing within 30 s (3+)
apglutination appearing from 30 to 90 s (2+)
agglutination appearing from 90 to 150 s {1 +) no
aggtutination after 150 s {(~)

Indirect I Sheep ery weré
sensitized with LPS or the b determmant of gonococer a8
described earlier (12) The assay was performed using a
microtitre  equipment and the titres of anuserum
determined as described {6)

Immunodiffusion Double diffusion slides were prepa-
red and the test was performed as described previously
(2) The wells were filled with undiluted antiserum of
with OM (4 mg/mD dissolved in an endotoxin’
disaggregating buffer (10) that contained Na-deoxychos
late {(NaD bufler) The gels were stained for proteins with
Coomassie brilliant blue 21)

Other Methods
Rabbits were with untrea

imjected with pertodate-treated OM, were stored at ~2
°C, and heated at 56 °C for 30 min before testing
Absorption of antiserum  Absorption with untreated o:
heat treated gonococc: was performed as previoush
described (1} For the absorpuon, 0 2 g of wet bacten:
was used per 0 1 m! of undiluted antiserum This sam¢
amount of antiserum was absorbed with 4 mg of the O\
p with b: and fi a
reported (1)
©

of the OM preparation 1n 07 ml volume of the same
buffer was applied The gradient was centrifuged (Beck
man Model L5 = 65) a1 105000 x g for 18 h Fractions
of 06 ml each were collected by a density gradient
fractionator (Isco, Model 640) Then 01 m! of each
fraction was mixed with 09 m! of 0 N NaOH and the
optical density was measured at 280 nm

Electron microscopy UM 1n distilled water (0 25 mg/
ml) was prepared and stained with 2 per cent {w/v)
sodium phosphotungstate, pH 6 6 for 30 s (5} The
preparations were examined by clectron microscopy
{Jeol JEM-100 CX)

SDS-pob acrylamide gel elcctrophorests Electrophore
sis was performed essentially as described by Weber &
Osborn (20) using the protetn standards buffers and
staining methods reported earlter (6}

Periodate oxidation The OM preparation was sus
pended 1n 05 per cent Na meta-peniodate (Merck) 1
distilled water (1 mg/m!1) kept at 4 °C for 20 h, dialyzed
aganst water for 24 h and then against saline The
preparations were kept frozen and were thawed immed:
ately before being used for immunization

Enzyme digestion  All the enzyme preparations were
manufactured by Calbiochem Digestion with trypsin or
pronase was performed using a 0 0SM tns HCL buffer «
pH 75 with pepsin using a 0 OSM cutrate phosphate !
buffer pH 2 6 and with papan usinga 0 1M phosphater
buffer pH 7 4 with the additon of 0 01M cystemne and|
0002M EDTA The digestion was performed at 37 °C:
for 4 h with a substrate to enzyme rato of (6 1 (#/%) 1
The enzyme actvity was destroyed by heaung the
preparation at 100 °C for § min The muxtures were then
dralyzed against water lyophilized and used for the
absorption of antiserum as described abave An undiges
ted control preparation was included for each of the
enzymes

RESULTS

Electron microscopy of the OM preparations)
showed material consisting of aggregates of mem-t
structures of varsble shape, most of them

ted or periodate-oxidized OM ded 1n
0 85 per cent NaCl The animals recerved 0 5 mg of the
preparatons ntramuscularly twice each week for a
period of three weeks and then 1 mg doses twice 11 the
sixth and twice in the seventh week of the immumzation
period The ammals were bled 7 days after the last
wectan. The antsera obtained, anti OM from ammals
recetving untreated OM, and anu-pOM from those
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bounded by a dense layer (Fig 1) On sucrose
pradient ceninfugation a single band between 118
and 123 g/ml of sucrose was observed (Fig 2
SDS-polyacrylamide gel electrophoresis showed z
that each preparation contained at feast 10 dufferent ;
protems, some of which were presers '@ W% low



1 Eletron mucrograph of an outer membrane
anvon from the N gomorrhoeae stram VIII
Racly st2 ned with sodium phosphotungstate pH
1x30000)

2enq2uoms (Fig 3) The preparations contained
ting proten with 2 molecular weight of
%0 daltons for each of the stratns 8551 and VII
438000 dattons for stran V Stanmg for
fohvdrates with Alcan blue showed a fast
"z hne ; all three preparations With a
& 1y corresponding o that of cytochrome C
«300 dahions)
Doutfe diffusion 1 agar gel analysis of the OM
Rrabons agamst the corresponding antt OM or
100M sera showed symtar patterns of prectpita
®ines wath alf three stramns exemplified in Fig
)&:ﬁmwu gave nise to a precipitation iine close
) atigen basin and one line midway between
::ﬂzm 1d serum basins The ant: OM but not
nmd bn;f)\l serum also showed a line ¢losé to the
ot u(!)\Th:s pattern of prectpitatton lines was
& ‘:‘Ob;:zdlss:hedu:n the NaD buffer No
‘when € preparations were
pnded tn PBS and tested e
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Fig 3 SDS polyacrylamide gel electrophoresis of the
outer membrane from the N gonorrhoege strains 8551
Qeft} V tmuddle} and V11 {right)

Indrect Hoemagglunnauon Testing

The anu OM sera contained antibodies both
agamst LPS and the protemn determuinant b of the
corresponding strains (Table 1) Antibody activity
aganst determinant & was also shown by the anti
pOM sera but they showed no antibody actsvity
against LPS

Fig 4 Double diffusion in agar gel with anu-OM 5551
(lower lef) and anu pOM 855) serum (lower right)
aganst outer membrane from the A gonorrheae stratn
8551 (upper well)
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mycin chlonde (I pg/ml), Amphothericin B (1 pg/ml),
Trimetoprim lactate (65 pg/mb), Cobistin sodwm
methanosulphonate {6 5 pg/ml)

Preparation of Antigens

Quter membrane Extraction of whole gonococcal cells
with an EDTA contaiing buffer and punification of the
OM by centrifugation were performed as described by
Mansheom & Kasper (10) The fina) preparations were
suspended 1n distilled water, lyophilized, or kept frozen
(8 mg/mh)

Lipopobh sacchande (LPS) LPS was prepared by

of whole cells with phenol-water,
and purified as reported earlier (12) To make 1t ready for
the sensitization of sheep erythrocytes, lyophilized LPS
was treated with NaOH and digested with pronase as
reported (14)

Anngemc determinant b A crude preparation was
prepared by the extraction of whole gonococeal cells with
alkali{11) The preparation was treated with pertodate to
destroy LPS and was then used for the sensitization of
sheep erythrocytes with the protein determunant b as
described previously (12}

Serological Methods

Bacteriat agglutnation The ttre of antserum aganst
heat treated gonococer (100 °C, 60 mn) was déetermined
usiug a glass plate aggfutination test as reported (1} Shide
agglutination testing was performed by the mixing of one
drop of anuserum diuted in phosphate buflered safine
pH 7 2 (PBS) with one drop of the suspension of heated
gonococel standardized to a turbidity of a McFatland No
3 standard The shide was agntated by hand for up to {50

- 4= BTe e tebe wag praded

30sO+)

0 s (2+})

s 1+) no

aggtuunation after 150 s t-)

REVRITIN i Shagr agdhugea wace
sensitized with LPS or the b determinant of gonococci as
described earhier (12) The assay was performed using a
nucrotitre  equipment and the titres of antiserum
determined as described (6)

Immunoediffusion Double diffusion shides were prepa
red and the test was performed as described previously
(2) The wells were filted with undiluted antiserum or
with OM (4 mg/ml) dissolved n an endotoun
disaggregating buffer (10) that contaned Na-deoxycho
late (NaD buffer) The gels were stained far protemns with
Coomassie brilltane blue (21)

Other Methods
Jmmumzanion Rabbits were ynmumized with untrea-

njected with periodate-treated OM  were stored at ~
°C, and heated at 56 °C for 30 mun before tesung

Absorption of antiserum  Absorption with Untreated
heat treated gonococci was performed as previowy
described (1) For the absorption 02 g of wet bactey
was used per 0 | mi of undsfuted antserum This say
amount of antiserum was absorbed with 4 mg of the ¢

with b and ft
reported (1}

Sucrose gradient centrifugation A linear gradent ¢
sucrose, from 20 to 65 per cent (w/w)1n a total volur
of 16 mt was prepared 1n the EDTA buffer (10)and 7
of the OM preparation tn 0 7 ml volume of the san,
buffer was applied The gradient was centrifuged (Bec
man Madel LS ~ 65) at 105000 x g for 18 h Fracuoy
of 06 ml each were collected by a density gradie,
fracuonator (Isco, Model 640) Then 01 ml of eag
fraction was mixed with 0 9 ml of 0 IN NaOH and th
optical density was measured at 280 nm

Electron nucroscopy O\ in distulled water (0 25 mg
ml) was prepared and stained with 2 per cent (w/v
sodiam phosphotungstate pH 66 for 30 s 5) Ty
preparations were examined by electron microscop:
(Jeof JEM-100 CX}

SDS-poh acrylamide gel elctrophoresis Electiophory
s1s was performed essentially as described by Weber ¢
Osborn (20), using the protein standards buffers 2t
staiming methods reported earher {6)

Pertodate ovidation The OM preparation was suy
pended 1 05 per cent Nasmeta-penodate (Merek &
distilled water (1 mg/ml) kept at 4 °C for 20 h daalyzee
against water for 24 h, and then against salne The
preparations were kept frozen and were thawed smmedy
ately before being used for immunization

Enzyme digestion All the enzyme preparations werg
manufactured by Calbiochem Digestion with teypsin 0y
pronase was performed using a 0 03M tns HCL buffer
pH 75 with pepsin using a O OSM catrare phosphate
boffer pH 2 6 and with papamn using a 0 1M phosphate
bulfer pH 7 4 with the addtion of © 01M cystewe =;"’r
0 002M EDTA The digestion was performed at 37°C
for 4 h with a substrate to enzyme rateo of 161 ( o)
The enzyme actvity was destroyed by heaung the
preparanion at 100 °C for § mm The mixtuces Were thent
dualyzed agamnst water, lyophihzed and used for the
absorpuion of antiserum as described above A uadiges
ted control preparation was included for each of the
enzymes

RESULTS

S
Electron microscopy of the OM prw:}raua:h
showed material consisting of 28gsegates 0 nt‘;em‘
structures of variable shape, most f

1ed or periodate oxidized OM dn
0 85 per cent NaCl The ammals recetved 0 5 mg of the
preparations ntramuscularly twice each week for a
peniod of three wecks and then | mg doses twice 1n the
sixth and twice tn the seventh week of the immumization
period The ammals were bled 7 days after the last
injection The antsera obtamed ant-OM from animals
receving untreated OM  and anti pOM from those
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bounded by a dense layer (Fig 1) On su::lrolse‘
gradien) centnfugation a smgie band between

i
fmd 123 g/ml of sucrose was oESfr;ef (S;ﬁwid‘

Prutins, vt ur
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zniratons (Fig 3) The Preparations contained
“2Ug protein with a molecular weight of
90 altons for each of the strams 8551 and VII
438000 dattons for stram V. Stamng for
“obydrates wth Alaan blue showed a fast
"0z bne ;n all three preparations  with a
corespond ng o that of cytochrome C
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gar gel analysis of the QM
samst the corresponding anti-OM or
Sefa showed simular patterns of precipita

With all three strains exemplified n Fig

20lSera gave rise o 2. Precipitation line close
B tgen basin and one fune midway between
“BUgen and serum bagis The anti OM but not
184 POM serum alsg showed a line close to the
“abasin This pattern of preciputation lines was
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Fg 3 SDS polyacrylamide gel electrophoresis of the
outer membrane from the N gonorrhoeae strans 8551
(ef) V (muiddle) and V[ (right)

P | SRR

Indirect Haemagglutination Testing

The ant OM sera contamed anubodies both
agamst LPS and the protein determinant & of the
corresponding strans (Table |} Antibody activity
aganst determinant b was also shown by the anu

POM sera but they showed no antibody activity
agamnst LPS

Fig 4 Double d frus
Gower lef) and any
against outer membray
8551 (upper well)

©On 13 agar gel with ant1-OM 855
POM 8551 serum (tower right)
ne from the N gonorrheae stran
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TABLE | Titres of Antt OVM 8551 OMV and OM VIl
Sera and the Corresponding Anti pOM Sera Against

Erythrocy tes S { with LPS or D, b of the
Homologous N gonorrhoeae Strains
Antserum Angen
Lprs Det &
Antt OM 8551 256 512
Ants pO© 8551 <3 1024
AnuOM YV 256 1024
Anti pPOM V <4 1024
Anu OM VI 256 2048
Anti pOM VII <4 2048

1LPS was ondred with penodate and then used
for the sensitauon of erythrocytes Antibody
agglutinating the erythrocytes was not present In
any of the antisera examined

Antibody to the & determinant was remaved by
absorption of the antiserum with untreated or
heated gonococet no matter whether homologous
or heterologous bacteria were used Antibody
actiity to LPS in absorbed or cross absorbed
antisera was not studied

Bacterial Agglutination with Anti pOM Serum

The antisera strongly agglutinated the homolo
gous or heterologous heated gonococct m shde
agglutination testitng and m the plate agglutination
test with the titres shown in Table 2 On absorption
of any of the antisera with one or both of the
heterologous stramns only the homologous strain
was agglutinated The agglutinating capacity of the
antisera afler cross absorption with both of the
heterologous strains 1s shown wn Table 3 This
antibody activity could be eliminated by absorption
with the homologous gonococet or OM preparation

When the antisera were tested against unheated
gonococet only weak agglutination was observed
and the formation of the agglutinates was delayed mn
comparison with that observed with the heat treated

bacteria

TABLE 2 Ture in Bactersal Agglutnation with Anit
pOM 8551 pOM v and pOM VIl Sera

[ I ——

Anugen
Antiserum 8551 \ vit
Ant pOM 8551 1024 512 g;é
Anti pOM V 128 gfg 2
A QM VT 512
332

TABLE 3 Shde and Plate Agelutination with 4]
Absorbed Anti pOM Sera Agamnst the N gonorrh
Strains 8551 V and v

Antiserum Antigen

855t \’ vir
Antt pOM 8551 3+(1280) (<4}  ~{<4)
Anti pOM V -(<4q) 2+4(64) (<4
Antr pOM VI —(<d)  ~(<4)  3+0256

1) Denotes 1ntensy of reaction in the slide agglutinat
test with antiserum diluted 1 4 and in the paranthe
titre In the plate agglutination test

The agglutination experiments were also perf
med with gonococer grown without antibactel
agents added 1o the culiure medium Agglutnal
similar o that described was obtained with th
bacteria

Enzyme Digestion

Each of the OM preparations was digested w
the various proteolytic enzymes The final lyoph
zed preparation was then used for the absorption
a portion of the corresponding anti pOM serum tl
had already been absorbed with the heterologe
bactena (see Table 3) Digestion with pronase beft
the absorption destroyed the ability of all three 0
preparations to remove the antibodies agglutmatt
the corresponding gonococcal cells (Table 4) Pep?
drgestion had a stmilar effect on the OM preparaty
from the strains 8551 and VII but not the strain
preparation Papamn or trypsmn drgestion did
destroy the antibody absorbing abtlity of the prep
rations The results demonstrate susceptibtlity
proteases of the OM antigen that functioned :
agglutinogen mn tests with the cross absorbed ant
pOM sera

Treatment of the OM preparations with period3
did not affect their antibody-combiming abiity

TABLE 4 Shde Agglutination with Cross Absorbé

Ante pOM Sera Against the Homologous Gonococcus aft

Absorption f Anuscra with Untreared or En 3o
D gested Outcer Membrane

Anti pOM
OV digested with 8551 \ Vit
Papain - - -
Pepsin 2+ - 2+
Pronase 3+ 2+ 2+
Trypsin - - -
None - - -
—



DISCUSSION

materls prepared from the N gonorrhoeae
swith the EDTA buffer were greatly enriched
smbranzous structures that showed banding as
depeakata density of from | 18 to 1 23 g/mt
Josen a gradient centnfuged at 105000 > g
h T ——

oress dissocated 1nto sub-unsts with a mole
Weight of around 12500 daltons (16) At least
Terent protemns were present Including a
13URg protein with sub-units about the same
S that described by other Investigators as the
outer membrane proten of (78

serotypes detected utthizing cross absorbed antisera
1n a coagglutination test They divided the gonococt
mto the antigen classes W J and M The heat
resistant W class anugens were mostly of protemn
nature and were subdivided into the groups W /1
W /II and W /111 They showed that the strains V [1
and V used in this study belonged to the group W /
1 and W /Il respectvely and that stramn 8551
reacted with the W /111 as well as a W/II antibody
reagent The stram specific antigens detected 1n the
present study by direct agglutination of the bacteria
may correspond to the group antigens of the W
antigen class of gonococe: Also the OM protens
charactenzing the stratns VII V' and 855] may
correspond to the immunotypes A B and C
detected by Hang ef al (19) using mouse antisera.

Wese findings strongly sndicate that the
24008 were greatly enriched 1n the outer
aze of the bactenia However the possibility
e OV preparations were contammated with
a5 of 2 different onigin such as cytoplasma
"ANE protewns can not be excluded

¥ &l precipitation showed that the anti-O\
ontaned antibodies against at least three
fa%e precipitinogens and the antt pOM sera
ot least two of them Both categories of
2 ontained antibodues to the protein determ;
tthat 15 probably produced by all

to m a micro test
The present demonstration of serological diversity
of proteins 1n gonococct 1s also consistent with
results reported by other investigators (4 8 9)
although 1t seems less clear how these results
correspond to those of the present study

The expeniments described were performed with
gonococer grown 1n the presence of antibacterial
agents to eliminate the growth of contaminating
bacterra However when gonococar cultured wit
hout antibioucs 1n the medmm were used as
antigen they showed the same results i the

! memagocace: (13} Antt OM but not anu
“oniained anty LPS anubodies This finding

®th eartier observations showing that
e treatment, destroyed the antibody-comby
{ructures of gonococeal LPS (2 Nor was
3 productian against periodate-oxidized LPS
Suated 10 spiie of the earlier observations
ecarbohydrate moiety of this component was
Wvlmly disintegrated by the treatment (14)
tsults strongly  support the notion that
on of antibodies 10 LpS can be avoided by
on of the antigen with periodate prior to
mation and that s treatment does not

e with antibody production agarnst perio-
Sisant anugens

ant pOM sera agglutinated the heat treated

X4 [0 accordance with earlier observations
18 that surface Pproteins functon as. aggluuno-
1 the gonococcus (1) The Periodate resistant
8 included agglutinogen(s) <ommon to the
8550 \ and Vi and a seemingly strain

¢ agglutinogen That this latter agglunin,
f protein . e

rams 8551
I 10 pepsin as wel}
::I,l::m & Danichson (11) recently reporred

© study of gonococeat

bacterial tests 1nd; that neither
the common nor the stramspeclﬁc antigen was
affected by the agents used

1n studies not yet completed we have found that
the majonity of gonococcal solates can be readily
classified by slide agglutination using the cross
absorbed anti pOM sera described 1n this study

-
This work was supported by grants from The Aorw egran
Research Counc ! for Science and the Humanies
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ANTIBODIES TO THE STRAIN-SPECIFIC AND
CROSS-REACTIVE DETERMINANTS OF
THE HAEMAGGLUTININ OF INFLUENZA H3N2 VIRUSES

2 Antviral Actvinies of the Antibodies n Biological S)stems

L R HAAHEIM and G € SCHILD*

Vazne Department, Nauonal Insutute of Public Health Oslo Norway and *Nanonal Insttute for
Biological Standards and Control London England

Huhem LR & Schitd G € Anubodies 1o the strain specific and cross reactive determinants of the
larmagshuunm of influenza H3IN2 wviruses 2 Anuviral acuviues of the anubodies 1n bulogical
sems Acta path microbiol scand Sect B 88 335-340 1980

Axibodies to the strain specrfic (SS) and cross reacuve (CR) antigenuc determinams of the haemagghuts
un (HA) of influenza HIN2 viruses were prepared and their aniviral properties in experimentally
tfected mice and 10 eggs were mvestigated The SS anubodies were considerably more efficient than
the CR anibodses n direct virus neutralization tests The difference 1n the activites of the two types of
atbody preparations was less pronounced in virus growth mhibiyron studies 1 the allantoss-on shell
!\ys(em and 1 passive protection studies m mice given antibody before challenge with virus
vertheloce o+ am - - = ecuve than was CR

. ubody preparattons
virus on day three

::: bn:;auun compared with the control animals The degree of reduction 1n ttre exerted by the S§
Pt d‘:s '/Irs greater than for the CR antibodies In contrast the rate of clearance of pulmonary virus
e y;xﬂ ter 1nfection 1n the muce sreated with SS antibody was slower than for the CR treated
ey g S0 1n SS antbody treated amimals viruses isolated from mouse lungs showed evidence of

igenic vanation away from (he parent virus

ke
L:‘!m\yoms Influenza haemaggluumin stran specific antbodies cross reactive anubodies hiological

L R Hasheim
D
Sebis M::a;;mem of Microbiology The Gade Insttute MFH bygger N 5016 Haukeland

<ed (8 vy 80

At :‘th N Accepted 4 1% 80 for a range of viruses within a subtype (6 7 12)
terg aemagglutinen (HA) antigen of We have previously shown that the serological
‘or US IS considered to be an mportant

I protection g
gainst anfectt
}) The diffeceny on (se reviews §

e of 1l 2anugenic determunarts of the HA
e 1y m:m A viruses can operationally be
8 ungey ‘Suﬂm speaific (SS) determenants
R, apg fhe 18quent minor changes (antigenic
Vb are g Goss ve (CR) determunants

ntigenically common

Py
ok 7

potenctes 1n single radial-hffuston tests and hae

assays for to
the 55 and CR anugemc determmants differ
markedly Anubodies to the SS determinants
exhibited higher 1 vuro serological acuvity per pg
18G than did antibodies to the CR determinants a
finding that could be due to the presence of more
CR than SS determmants on the HA molecule (6}
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The present report describes the anti viral activi
ties of these antibodies 1n biological systems The
actvities of antibody preparations against the SS
and CR determinants were wmvestigated 1n Virus
reutrafization tests in virus growth inhibition
experiments 1n the allantofs on shell (AOS) system
and 1n chatlenge studies 1n mice passively given
antibody before infection

MATERIALS AND METHODS

Virus Strains Immune Sera Strain specific and Cross
reactive Antibody Preparanons

All test strains sera and antibody preparations Were
as described previously by Maakeun & Schnld (6) In
brief immune goat serum (o purified HA anugen from
A{Hong hang/1/68 (HIN2) vicus was exhaustively
absorbed with strains of the HIN2 subtype namely A/
England/42/72 and A/Victonia/3/75 1 order to
obtasn different preparations of stram speafic ant
Hk/68 HA antibodies (S§ and 8S respecuvely) The
cross reactive antibodies (CR and CR  respectively)
were 1solated by eluung antibodies from the absorbing
viruses A control goat serum {ree of antt H3 antibodies
was prepared by the complete absorption of antisertm
with HK/68 Eng/72 and Vic/75 viruses and subjected
to DEAE cellulose chromatography 1n order to obtain a
pure IgG preparation This matersal 1s referred to as
Non HA 12G

HR/68 virus was adapted to become lethal to mtce by
five consecutive skim passages in mice according to
Favekas de St Groth & Tees (3}

Mice
Adult outbred female mice (NMRI/Bom) werghing
between 2022 g were used

TABLE | Direct Virus Newtrahwanon Propertus of SS and
Serunt 10 Purified HA Anigen of A/,

Antibody Assays

Virus neutrali»asion (VN) tests These were perform
by muxing seraal 10 fold difutions of antibody prepai
tions with 100 egg mfective doses (50%) (EIDsq) 2
tncubating the mixtures for 30 min at room temperaty
before inoculaung allantorcally into 6 eggs per antibor
dijuon The 50% virus neutralization end pomt »
caleutated (9)

Virus neutralizatio in mice was performed by ma
equal volumes of serial 10 fold diluttons of zntbody a
4 mouse lethal doses (50 %) (MLD 3o} of mouse adapt
HX/68 wirys The nuxtures were incubated for 30 mun
Toom temperature and then kept at 0 °C while perfc
ming 1 mnto mice Fve h
animals were given 50 pl of each antibody varus miztu
Mortality was recorded and the ewperimems Wwe
terminated {0 days post infection

Growth nhibition studies Cultures ol Iragments
chorio allantole membranes attached to the &f2 shi
(AOS cultures) were prepared as described by Fa ¢has.
St Groth & Whire (2} For growth inhibstion tests sen
316 fold ditutions (4 logig steps) of anubody wer
made and each ADS culture was chalienged with ¥
AOSs50 doses of virus (5)

In the mouse system groups of § ammals were give
G 2 mt votumes of each antbody dilution 1ntraperit
neally one day before challenge with 4 MLDgg of mous
adapted HK /68 virus and mortality was recorded for [
days post infection

In two independent studies grovps of mice were 81he
different goat IgG antibody preparattons {2 pg 16
ammal} or PBS one day before intranasal challeng
with 0t MLDso of virus Three to four animals wet
killed on days 3 6 9 aad 12 post mfection 2nd th
remaintng amnials were killed 20 days (Experiment o

[}

. &

CR Antibody Preparations Obrarned from Immune Goal
(Hong Kong/1/68 (HIN2) birus

Indicator svstem for virus infecuvity

Antibody Embryonated ¢ggs Mrce
or
tested® Logio ttre/ml Spec act b Logtgttre/ml Sees o
s 45 80 H 3
s i 0 i1 12
cx 29 N 18 350
CR 42 3 a3 ] *
Non HA I£G <15 <! il

! esidual (strain specifl
2 g5 (SS") tepresents residu ) antbodes af

c) antibodtes after absorption with \ ic/ 75 (Eng/72) virus whereas CR

b

stran Don HA Igl 15 186G Trachon wihow

(CR ) represents cross reactive
anty influenza HA actviy

® Specific activity presenited as ratio of geomet
ml)

¢ Not done

ric mean titre
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of duplicate tests to 1gG concentration of antibody (ug/



Obtaned from Immune Goat Serum fo
£ 2 Gronth Inhibstion Tests wuth SS and CR Anibody Preparations
“L - Purified HA Antigen of AlHong Kongl 168 (H3Y2) Virus

ADS mhibition tests

Passivé protecuon studies 10 mce
{representause gxpeniment}

5s R 55 cr”
Non

§ (R OSCRT HA1Gr death pgleG/ death  pglgG/ death  ygIgG/ death
B Tl rae  ammal e ammal rae  awmal  rate
Logtnure Guphiate tess) 198  o/s® M3 0/s 183 O/5 169 0/S
04 38 40 <10 126 15 67 1S ss o5 54 0/5
30 o5 20 Ms a8 us 11 s
13 s 61 SiS 06 us 05 S
Spealic acty 04 s/5 02 55 02 /5 02 &S

ftre/pg 12G)

4R % 20 <

15G mouse protect:ve-dose (50%) MPDs0 for duplicate tests
o9 0 ’0 (X

! Mastors-on shell tnhibition tests see Maternals & Methods
*Raso of cumulative number of dead mice at day 10 post tnfection 1o number of ¢St ammals 1n the group given
ot
y

one day

o batquagglutnaton inhibitson (HI) anubodies against
 eruns HK/68 Eng/72 and Vic/75 by standard
hods {16)

RESULTS

Yvedt Yirus Neutrajr-ation Actnigy

Diowons of antibody preparations were incuba
g"lh sndard concentrations of virus (100
hzw O 4 MIDs) before moculating tato
b ‘Fonated eggs or given yntranasally to mice The
'S8 of these expeniments are presented 1n Table
M anubody preparations showed evidence of
Zx‘m“\z VUus infectivity but there were marked

EN68S 14 thes speaific 2ctities (tre/ pg 18G)
’W:wssm“ Preparation was the narrowly
Mt 20tibody (SS ) whereas the most
hﬂ‘s'm{_’-\“t R umiooty (CR ) showed tne
" Mm ic acuvity The relative activities were
s 0s¢ found previously for e vitro assays

Frus G,
th Inbubition A,
105 g ttion Actn ity

@ Ag; fests These expernments were
system where pieces of chono

ey :l;nbmna aftached 10 egg shell were
'imadl 100 AQSsy doses of virus and
oy “i:\ medwm containing difutions of
Prova _‘_!hlsu)vs of these assays are presented
Aot © dilference between the specific
st ¢ various antibody Ppreparations tested

\ than 1n e newtralustion experments

ge with 4 MLDso of HK/68 virus

described above Even the most broadly reacting CR

antibody (CR ) performed well 1n this type of assay
Passne mouse protection tests Groups of mice

mavep wAY 4wt -

. -

confetred passive protection agamst fatal infection
The experiments were performed in duplicate and
the mimmum protecuve dose of IgG necessary to
inthibit death 1 50% of the animals was calculated
As for the ADS mhubition tests the 50% protecuve
dose for these antibody preparations fell within a
hmited range the SS antibodies being about 4 fold
more actine per quantity of IgG than the CR
antibodies

Effect of Passnelv Gnen Ann-HA Anubods on a
Sublethat Murine Influena Infection

Effect on pulmonary virus 1n order (o investigate
whether wiral rephicaton 1 mouse lungs was
modilied by the presence of non pratective fevels of
passively administered ant HA antibody before
mfectton ammals were given 2 pg [8G of either
85 CR or Mon HA IgG others were gnen PBS
only before challenge with & 1 MLDso of HK/68
wirus (Experiment 1) In a duplicate test (Expent
ment 2} PBS was employed as a placebo The
results of poth experiments (Fig 1) were simdar
Firstly the greatest reduction of pulmonary virus
titre on day 3 post infection was observed for mce
treated with 5SS anubody Secondly both exper
ments showed that m day 9 post nfection the

17



; Exp 1 Viruses isolated on day 9 post infection we
[ ] assayed 1n HI tests with the orsginal goat serum
. . i purified HK/68 HA antigen and the two ant
® . 5 LS ﬁ-! 1 subfractions SS and CR (Table 3) Viruses isolate
= o e _‘7..,-: 1] N from the 8S treated animals showed evidence ¢
@ %4 Eﬂ‘ﬁ’i :'j T°  munor antigenic dnft away from the parent Hk/6
s 1 :i‘. = E) H :—5 o« "-._‘ . virus when tested with SS antibody (> four fo!
- :!3 ol e el 15,10 reduction mn HI tires compared with the parel
4 — T6-— ~—9— 12— yirus) and from the viruses isolated from the C
s T treated and placebo treated aimals HI tests w
E 7» Exp 2 17 antt HR/68 HA serum or with CR antbody di
3 s . 9 notreveal evidence of antigenic differences .«
° " 43 ) .':' 15 the stramns
g1 el . ]
a3 ".;3 SR -:’ L e 13 Effect on post mfection HI annbodies 1t has bee
i s T observed 1n man (10 14) that mactivated influen:
B oo e Ot T I I ' vaccmnes ad ed to primed mdividuals posses

3 — —f—
Days post -infection

Fig 1 Geometric mean titres of pulmonary virus
assayed 1n the AQS system 1n groups of mice given 2 pg
1gG of §S  antibody {horizontaiiy shaded histograms) or
CR anubody {vertically shaded histograms) intraperito
neally | day before chaltenge with 0 1 MLDso of Hk/68
virus  The darker shaded histograms represent the
placebo treated ammals [n experiment { (upper panel)
the placebo group consists of amimals given either PBS or
2 pg of Non HA IgG whereas m experiment 2 (lower
panel) only PBS was employed as a control Individual
titres are presented as black dots Tutres <10 flogyp titre
<1} located on or just above the abscissa are assigned
the vatue of 5 when calculating mean trires

clearance of virus from the lungs were delayed n
animals treated with SS  antibody

sing prevaccination CR antibody to H3N2 viru
rarely evoke SS antibodies to the vaccine virus ¢
possible explanation for these observations is the
the CR antibody may have a blocking effect on th
expresston of SS determinants 1t was therefore ¢
interest to see whether passively admimistered Ct
or SS antibody snterfered with the anti HA antibod
response in expenmentally infected mice Ou
experiments described above revealed no effect ¢
this kind Sera collected from the vanous treatmen
groups of mice on day 20 or 28 post mfection al
had comparable levels of post infecuon HI antibo
dies to both the homologous HK/68 virus and th
heterologous H3N2 varants Eng/72 and Vie/7'
(data not shown) Control mice given antibody bu
not infected had low or undetectable levels of serurt
HI acuvity throughout the expernment Thus 1§
appears that the amount of passively admynisteres

TABLE 3 HI Tests with Puln onary Virus Isolated on Day 9 Post infect on with A/ Hong Kong/ 168 (HIN2) Virus and
Coat Ant serum to Purified HA Ant gen of HK /68 Virus and Two Antibody Subfractions CR and §§

Mice Virus Antibody preparations
treated 1solates.

with tested HK /68 goat serum CR SS

sit 120 71 63

SS antbody 512 13 73 61

530 128 81t ; 6

4 531 133 76 5

CR anubody 53 130 74 83

552 31 76 79

553 128 74 83

PBS (control} 554 133 79 18

574 136 84 81

A/HK/1/68 131 79 86

2 Logy HI titre of geometric mean of duplicate tests
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"R antibody given to mice In our expeniments
) measureable effect on the expression of the
sanugenic determnants on the HA molecule
infecung virus

DISCUSSION

uve previcusly found that the i sitro
gical properties of SS and CR anti HK/68
mbodies obtained from immune goat serum
4 markedly The most narrowly reacting SS
dies (SS) extubited higher specific activity per
ty of IgG than did the most broadly reacting
1body (CR ) {6} Qur observations have now
extended to include their anuviral properties
ling @ rect virus neutralization passive protec
f mioe against lethal challenze nhibition of
gowth 1 ACS cultures and effect on
nary virus growth 1n rece after a sublethal
challenge
the present studies using direct VN tests te
4 exposure of wirus to anubody @ itrp
Uyng embryonated eggs or susceptible mice as
Hor systems for virus infectivity considerable
U were detected 1 their specific actvatiés
55" anubodies beng about 30-70 fold more
nethan the CR anuib This diffe n

ver while control ammals showed a normal
clearance of pulmonary wvirus 9-12 days after
nfection (1 17) an unexpected finding was that the
SS™ antibody treated amumals showed a reduced
clearance rate with virus betng detectable on post
imfecuon day 12 In addiwon wirus showing
evidence of mmor antgenc varation could be
ssolated from these ammals In another report (4}
‘we present evidence that both SS and CR antibody
preparations will select antigenic variants in the
murine system but that the SS” anubodies do so
more efficiently than CR antibodies

Littte 15 know n about the characterisucs of serum
anti HA anubodies which are most effectnve in
conferring protection against influenza 1n man but
our present results may have a bearing on the
human situation Our findings in mice 1mply that
solid resistance to mfect:on ought best be provided
by antibodies to the SS antigenic determinants of the
HA molecule of the infecting virus However this
type of antibody might be of more himited value tn
the natural protection agamst influenza 1 man
because of the frequent antigenic drft in the HA
antigens of the prevalent viruses High Jevels of CR
antibody mught also confer some protection and
agamnst a wider range of antigenic vanams Once

" iy was greater than that detected
& these preparations 1n HI tests (6) However
Hiesentz m spestfic actvitees of the antibody
Yess pronounced in virus growth nhibition tests
¢ AOS system of 1n passive protection of mice
Stlethal chaflenge Nevertheless even in these
:l:nr;ms the 85 antbodies were somewhat
rmw.\\e 34 fold) than the CR antibodies
- 'idnf our mouse protection studies using
. \Znh ‘ounistered antibodies were 1n accor
mh those of Viremier (11} who used

viruses of the HONY HINT subtype

}}l;b\sewad better protection by stram specific
r‘mmznubo«ies than by the cross reactive

\mls;zlsa and passive mouse profection assays
oot Wus relevance to our understanding of
- A()Szmmrs of immunity to influenza In
Tonry v nhibion tests and utraton of

'S 10 1nfected muce are

infection 1s established the SS and CR antibodies
appear to interfere with viral replication to very
similar degrees CR 2nubodies may be more
effecttve 1m this siuation because of their broad
reactivity with varant influenza viruses withmn a
subtype and because they appear 1o be less effective
10 selecting new anugenic varants

It has been shown (10 14) that inactivated
influenza A (H3N2) vaccines used m antigemically
primed human adults in the inierpandemic peniod
may sumulate mainly CR antbodies and SS
antibodies directed agasnst the first member of the
H3N2 subtype (A/HK/68 virus) rather than
agamst the vaccne virus In contrast i previously
unprimed chiidren who recerved simular vacoine SS
antibody agamst the vadine virus was ffequestly
induced (Oxford et al n preparation) Taken
together with formaton on the differences 1n the
brological activities of the CR and SS antibodies
presented here these findings may be relevant to the

v

:y":rmm!::;d they provide anformation on the
on s maby to modify vira! replication once
sl lished W hen mice were passively
e LSS"q)ummm of narrowly reacung stramn

ha s“l’km:;m HA antibody before challenge
% e v dosz of HK/68 wvirus pulmocary
st l;c Teduced on day 3 post mfection
S - control mice A lower degree of
iy do b CR antbody Huowme

- 4

of the often and variable
degrees of protection associated with the use of
nactivated mfluenza saccines n man
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haemagglutinin (HA) antigen from HK/68 virus and
various of anu-HA of anttbody
were prepared as described previously (5) In brief, the
goat serum was exhaustively absorbed with concentrates
of H3N2 vanants A/England/42/72 and A/Victo-
ra/3/75 i order to obtan different

described in (13) and (8) respectsvely Briefly, the SR
absorption assays were done as follows SRH play
contaimng HK/68 virus or antugemc vanants, we
prepared Three 20 p! aliquots of post wnfection ferr
serum were mixed with equal volumes of eth

strain specific anu-HK/68 antibodies (SS™
respecuvely) and cross-reactive antibody preparations
{CR™ and CR’, respectively) Post-infection ferret sera
were prepared as described earhier (4)

Mice
Adult outbred female mice (NMRI/Bom), weighing
between 20-22 g, were used

Isolanon of Varianis
In allantais-on-shell The methods described previ
ously were followed (4), except that antibody was added
to the growth medium in a concentration 3-5 times as
high as that required to inhubit growth of 500-1000 AQS
wfective doses of virus in S0% of the cultures
In mice The 1gG-dose of each antibody preparation
required to inhubit death 1n 50% of muce challenged with
four mouse lethal-doses (50%) of virus, 4 MLDsq, was
determined as described before (6) In experiments where
we looked for antigemc vanants of HK/68 virus in
mouse lungs, ammals were given five times this IgG
amount ntraperitoneally and challenged intranasally
with 0 1 MLDsp of virus on the following day For each
- G e e Y Mdacda et 314

obtained at the dilution end-point was subjected to
another egg passage at hmiting dilution before being
tested serologically Also stramns isolated tn the AQS
system were cloned twice 1n eggs before use

Serological Tests
Haemagglutinations-1nhtbiion (HI) tests and single
radia) haemoiysts \SRYY) Fosorpuon wesks were dome as

of
and SS,

or control virus concentrate
the control virus bemng A/chicken/Germany/'N /¢
(Hav2Neql), and left at room temperature for 1
followed by 1 h at 4°C, before testing for resid
antibody 1n both homologous and heterologous SR
plates Lytic zones were measured by use of a calibrate
viewer (Diffusion Zone Reader, Dynatech, Switzerland

RESULTS

Apparent Frequency of Isolation of Antigemc Vari
ants

In the course of this study 1t became evident th:
the various ant1i-HK/68 HA antibody preparation
differed 1n therr ability to select new antigem
variants This 1s illustrated 1n Table | Both m th
AOS system and in mice the most narrowl:
reacting SS anttbody preparation (SS ') exhibited th:
huighest apparent ability to select new strain
showing evidence of ‘antigenic dnft’ 1 the HA
antigen However, the cnterion for beng &
antigenic variant was that the solated strains shoul
react Z 2-fold lower than the HK/68 virus m H
tests with the parent post-infection ferret serum
The occurrence of so-called ‘non-avid’ stramns
giving low HI titres 1n general (1), will obviously
also score as an ‘antigeme variant’ 1n Table 1 Thest
data should therefore be considered as descnbmg the
relative frequencies of appearance of new antigeni
vanants For the i vitro and tn o expenmentt
taken together, the SS™ antibodies seemed to provdt
{he THOBE Suttessioh Trowih advantage fox antigenc

TABLE | Frequency of Isolation of HK168 Vanants gnang = 2 fold Reduction of HI Tures in Tesis with Post-
wnfection Ferret Serum (6 HK/68 Virus in Parallel Assays with Parent Virus

Frequency of varants

Scleclmg)
antibody® In vitro (AOS) In vavo (mice) Total
ss 147400 2/259 16/65(25%)
CR’ 5/33 3/24 8/57(14%)
sS 11/34 14/25 25759 (42%)
CR" 14749 9/25 23/74(31%)
b with the H3N2 strans

255 (SS ) represents residual (strain specific)

AlVictornal3/75

absorbing strans . peg
) Rauo of number of strains be
9 lliauo of number of strans being possible anty

mvestigated
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after
(A/England/42/72), whereas CR (CR ) represents cross reactive antibodies eluted from the

possible anugenic mutants to number of virus-positive AOS cultures )
genic mutants to number of virus positive mouse lungs (pars;



TABLE 2 Ant gen ¢ Retanonships berween A fHong Kongl 1168 (513N2) and Variants Qbtawned 10 Vatro and ;a Vivo
in HI Tests Performed with Post infection Ferret Sera

In vt o vanants

1In itro vartants

fy Antserum 16 Varus Anuszrum 1o

TS yeres S8 4B CR4E 55 JE CRWID '™ HK/e3 SS54 CR1 88722 CR°U
WS 103 961 932 882 932 HK/68 1072 961 932 961 g3
S8 90 101 961 332 391 S5 4 882 96/ g8l 91t 11
R4E 882 932 1032 982 761 CR 1 832 832 932 861 9N
SIE 9 782 882 961 932 ss-22 861 861 882 982 39
D 332 682 682 882 91 CR It 932 BN 811 832 jon

?Lagy gometnc mean Hi ytre of duplicate tests

waats the frequency bemg about 3 fold higher
% e S than for the CR antibodies The
amesponding frequencies for the two other antt
Wy preparations the more broadly reacung 5S
Ofihe lss cross reactive CR - antibodies were of

Tmedle magmitude
For the esperments n mice we also found that
©20f 2 total of 28 varnts shawing reduced HI
s %ath post snfection ferret serum o HK/68
S, 20 were wsolated on days 3 and 4 post
Only S5 treated animals gave inNuenza

Bt beung possible anpigeruc mutants on day §
st fection

“genc Relationship berw cen Variants and Proto
e Virys

“H!{ ‘ests In Table 2 are presented HI data for one
Y feptesengative antigenic mutants obtained for

Y preparayion n tests with post
R0 ferret sera For sera agamnst mutants

obtamed both 2 11ro and in +no there was a
general tendency to give higher HI titres with the
homologous than with the heterologous straias
Furthesmore by comparing the HI data for HA/68
virus and each mutant 1n tests with their respective
sera the HK/68 serum usually distinguished more
clearly between parent and mutant stram than did
each mutant Sserum TS 1s known a5 2n asymme
trical reaction pattern {1) None of the mutant sera
exhibited reaction patterns resembling that of the
HK/6% serum thus indicating that these rsolates
were in fact antigenic vanants of HK/68 virus and
not merely nonavid strans Although all Hi
utrations were done tn parallel and n duplicate with
all ditutions of sera made up 1n bulk before transfer
o tration plates and with the use of the same
suspension of erythrocytes the HI method 1s a
rather tnaccurate method of measuring antigenic
simdanties between related steans

SRH absorpiion tests These assays were done i

TAR]
LE 3 4t gomic Retar onsh p bern een A 1 Hong Kong/ 168 (H3N2} and Variants Obiasned 1 Vs and w v s¥o in
SRH Cross absorprion Tests wth Post infectn_Ferres Sera.

{a v vanians.

\“——/_ In vitro varants
HK/68 serum  van;
a ant serum HK/68 serum  vanant serum
riants. 2050Tbed With  absorbed wyth \anants absorbed wun  absorbed with
tested varang tested  HK/68 tested tested varant, tested  HK/68 tested
m HR/68 plate  imvanant plate in HK/68 plate  1n vanant plate
5§
x :‘; 199 0 55 4 7 2
s 3 2 u crt s 15
X s 2 ss 22 9 16
7 3 CR 11 2 3
¥ rome e

£ n compartson With zone area after absorption With control virus A/chicken/



order to provide & more precise picture of the
antigenic relatedness between mutants and parent
virus Post-infection ferret sera were exhaustively
absorbed with concentrates of either homologous,
heterologous or control (N ) viruses before testing
for residual anubodies in homologous and heterolo-
gous SRH plates As all homologous absorptions
were complete, 1 ¢ no lytic zones could be detected,
only the results of the heterologous absorptions are
shown 1n Table 3 and presented as per cent of lytic
Z0ne area remaining in comparison with area of
control zone Only infrequently were anti-neurami-
nidase antibody zones observed around the control
wells, but therr larger and weaker appearance made
them eastly distinguishable from the clearer and
sharper ant1 HA zones For the i1 1ivo mutants 1t
was d rated that a proporuon of
antibodies to the HA antigen could not be absorbed
by heterologous virus Thefe was also a tend

not unexpected that the specific antibodies seemed
provide the most successful selective growth conc
tions for new antrgenic vanants Ths has also be
suggested by Virelizier e al {10}

However, all antibody preparations tested had t!
ability to provide selective growth advantages f
new antigenic vanants with changes i the H
antigen The data presented in Table 2 showed th
the various strains tested were different from ¢
parent HK/68 virus based on the finding th
anuserum to the parent virus reacted different
with the mutants than did the various mutant ser
This difference 1n antigenic profile between parel
and each mutant may seem trivial, but thisis to t
expected Wwhen smgle-cycle mutants are teste
(Haahetm & Schidd (4) Furthermore, the cros:
absorptions experiments 1n SRH plates also showe
that the reciprocal abitlity to absorb heterologov
was not lete, confirming that a

for the mutanis to absorb the anti-HK/68 antibo-
dies less completely than in the 1:ce versa type of
experiments  Sumilar patterns of cross reactivity
were seen for the i 1uro mutants, although for
these stramns the anti-HK/68 antibodies were
almost completely absorbed by the mutant strains

DISCUSSION

We have described which specificity of antibody (o
the HA antigen of A/Hong Kong/1/68 (H3N2)
virus, obtained from immune goat serum to
purified HA antigen, seemed to have the property of
selecting antigenic mutants by allowing the parent
virus to multiply 1n the presence of either SS of CR
antibody preparations Qur results clearly mndicate
that all antibody preparations tested have this
property both i vitro (AOS) and 1 vivo (mice) The
most narrowly reacting SS antibody preparation
(SS ) showed the highest capacity to select varants
showing antigenic drift in the HA antigen whereas
the most broadly reacting type of antibody (CR)
provided less favourable conditions 1 this respect
However, the true capacity to select new antigenic
variants cannot be resolved without preparing
antisera to all possible antigenic variants Assu
ming, however, that the occurrence of non avid
stramns was equally frequent for all anubody
preparations tested, the overall data presented 1n
Table 1 indicate that the SS antibodies are the most
effective for selective growth of new antigenic
variants

On the bass of our p
that the SS antibodies exhi
capacity per molecule ©
system and in experimentally 1

revious data (6), suggesting
1bit a hugher neutralization
f 1gG, both m the A0S
nfected mice, 1t was

344

antigenic difference existed between the parent an
each mutant (Table 3) Both for the 1 vuro and ¢
\no vanants there Was an asymmetrical pattern ¢
absorption of heterologous antbodies, although th
two groups of antigemic varants differed m tht
respect However, the two methods of selecun
antigenic mutants varied constderably in experimen
tal design so that a straghtforward compariso:
betw een observations may not be justified Evensc
1t 15 difficult to provide a reasonable explanation fo
this discrepancy
The apparent frequency of 1sotatton of vamant
seemed high for all anubody preparations tested It
viey of recent works by Yendell et af (14) an
Lubeck e al (7) suggesting that the frequency ol
1solation of antigenic varants employing moust
monoclonal antibodies to non overlapping antigenic
sites on the HA anugen 1s m the order of 1075 out
data with polyclonal antibody preparations seem 10
be 1 conflict with theirs Irrespective of how well
defined the specificity of our goat antibody prepar2
tions may appear they probably comprise a rangeal
antibody clones with varying specificiues and
affimties 1t has been esumated that the probabiity
of obtaining a double mutant, ;¢ a varant with
changes at two different antigemic loc1 by the use of
two different monoclonal antbody populations i
one single experiment should be n the order of
about 1010 per infectious unit of virus (12 14) Not
surprisingly, such single step double mutants have
not been 1solated experimentally using high concen-
trayons of monoclonal antbodies 1n the AOS
system (14) However n our study we have used
relatively dilute and carefully balanced concentra-
tions of antibody Consequently, only the most
abundant clones or clone, of anubody would be
expected to contribute to the selecuon process Also



me of these antibodies were directed aganst
lapping anugemic sites the frequency of 1solation
1ugenic variants wall not be the product of the
abiites of mutations at each of the sies
gaused by these antibodies
jehave 10 another study Oxford et al (in prep
xon) found that children have more SS antibo
to current influenza stramns than adults who
be other hand have more CR antibodies as well
srrelevant SS dies to
‘lous vanants within the HA antigenic subtype
$S antibodies of young children may therefore
sbly provide the best selective growth conditions
8% antigenic vanants Furthermore we have
nly tested some post-epidernic human sera
st an anugemc mutant of the latest epidemic
N2 varant A/Texas/1/77 obtained by passage
virus 1 the AOS system 1n the presence of a
¥semonaciona) ants HA {Texas) antibody prepa
o0 (9} Not unexpectedly we found that sera
1 young chldren reacted to low er HI titres with
butant virus than did sera from adults These
natons for human sera supplement the fin
& of the present report Our mam concluston
whore 15 thar the SS antibodses to the HA
12 will provide the best selective conditions for
“th of anusgentc vanants

—_—
Geofrey € Sch 14 Naonal Insumute for Bological
#ards ang Comyrol London UK kindly provided
Jatserum to purtfied HA angen of HR/68 virus as

 the various strains used in this stedy Paal H
¥ Provided excellent technical assistance
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NT OF
DEDXYRIBONUCLEIC ACID 1S A SIGNIFICANT COMPONEN
THE SMALL INTESTINAL MUCUS

A Ferencz®l 1 Orskov! F Orskos? and P Klemm?

matema) Ethenchia and Kiebsielta Centee (WHQI! Statens Serymunsutut Copenhogen and
Tnsutute of Biochemical Geneues? University of Copenhiagen Denmark

e A Qcskav 1 Orskov F & Klemm P Deoxyribonuclerc acd 1s 2 significant component of
¢ small intesunal mucus  Acta path microbiol scand Sect B 88 347-348 1980

wnng wvestigations mio the role of mntestnal mucus for the atachment of Enserobactenaceze 10 the
testinal surface it was surprisingly found that DNA was a significant component of the mucus Trom

& rabbit small intestine

# words Small intesynal mucus DNA

1a0rskov Internavional Escherschia and Klebsiella Centré Statens Seruminsttut Amager Boulevard 80

'K 2300 Copenbagen § Denmark

o1 v80  Accepted 29 vin 80

* alathment of bactera to cells and mucous
12c¢s of human and arumal ongin has been studied
7 laboratory (9 109 As part of tus senes of
ments we imuated 1nvesugatons of attachment of
# to mucus from the small intesune of Tabbits
Hough many invesugators stress the imponasce of
o€ of the small ntesinal mocus for inestinat
23L0R {5 & 1} 115 chemica) composition has not
el examined In the following we describe highly
W DNA 25 & significant pan of thig material

hue rabbts wesghing 3 5~4 0 kg were sacrificed
e small untestines were taken ow and placed on e

P NETe Cut amy greces af 15 em.and tha mucHS WAS.
1y pressed out. gathered tn a beaker on 1ce and kedt
*unat and feal mucus Na obvious differences
*%n these preparations could be found The mucts
1 strong tendency to adhere 1o glass and polyethy

™ mycus was diluted 1010 12 volumes of ee-cold
#pnate buffered satine (PBShenvnga nmp 100 |~

® ting screntst nﬂ"‘-ﬂ\hraummm( sctiolarship
1 Touvtny © F

hours Afier centnifugation of the suspended mucus (830
g Tor 10 minY a very compact peiler was formed which
had approximarely the same volume as the imual
undiluted mucus A thin layer of cells and bacterra was
removed Trom the surface ol the pellet by washing The
masn part of the pellet conststing of 2 network of fibres
could be stained with tohndine blue at pH 7 4 which 1s
known to stain not only glycoproteins but also DNA
The low est part of the pellet contained food parucles and
other materials such as sand and straw These parucles
were atached firmly to the network of fibres i the
pellet Like the undituted mucus the pelet was difficult to
handle because of its extreme viscosity and centrifuga
nonaf the hnmagenare athigher, g vibws.anly rasnlad, m.
3 compression of the pellet. making it even more difficult
10 handle
The pellet was washed 5-10 umes with e-cold PBS
and dissolved by addiuon of 4—6 volumes of 033 M
NHAOH This procedure resulted 1n an eviremely viscous
solution from which the food remmants and other
parucles could not be removed
Precipitation of the dissolved matersal could be done
1T Ways by addiion of PCA to a final concentration
oF 03 M or by addition of 3 volumes of 96 % ethana!
The latter treatment resulted 1 the rapid appearance of
fong fibres which immediately aggregated to form a

Presant address. nsttute for pubhc Heah and Epidemio-
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TABLE | DNA RNA and Hexosartune Content (ug/mg
Proteiny of the Small Intestinal Mucosa and Mucus in
Rabbus

b
Small sntestinal Small intestinal mucus!

RNA and hexosamne the high amount of DN
1n the pellet was unexpected and remarkable Tt
nature of the ethano! precipitated material was 1.
various methods Resistance {o alkaline hyc
sensiuvity to hydrolysis with 0 5 M PCA at 70 9t
nin as by increase 1n atl

a

mucosa Supernatant  Pellet
DNA® 80 240 5194
RNAd 548 400 240
Hexosamines® 38 19 43

2Mucosa from the wall of the small intestine was
obtained by the method of Forstner (4) The mucosal
suspension was preciprtated by 0 3 M PCA and washed
twice with 03 M PCA extracted twice with 96%
ethanol once with ethanol ether 11 and twice with
ether The extracted sedunent was deted at 37 °C and
dissolved 11 0 5 M NaQH for further processing
5To 3 m! of intestinal mucus 36 ml of PBS containing
100 pg/ml TI was added Homogenizaton was done by
repeated pipetting with a wide upped pipette  The
suspension was centrifuged at 830 g for 10 mm at 0 °C
The supernatant was collected and PCA was added
aliquots to a final concentration of 03 M Further
processing was as described above for small intestina)
mucosa The pellet was washed 8 times with PBS and
dissolved m 8 ml ¢ 33 M NH4OH and 3 volumes of
96% ethanol were added The resulting fibres were
extracted with ethanol ethanol ether and ether as above
The extracted fibres are designated > pellet< 1 mg of the
dried material was dissolved in I mlof 0 5 M NaOH for
further processing
SDNA content was estimated by the diphenylamune
reaction (2) and a spectrophotometric method (12) These
two methods gave wdentical results within the limtis of
the experimental error
dRNA content was estimated according to Flech & Begg
(3)
¢Hexosamne content of the hydrolysed samples was
deterrmned with a Durrum D 500 amtno acid analyser
as described earlier (8) Quanufication was made relative
to glucosamtne
The protein content was estimated by the method of
Jr-hakt & G

Bovine serum albumin was used as a standard and the
results were corrected for Tl comtent i the smalf
intestinal mUCUS supernatant

All operations were carried out at 0°C Standard
deviation of the results did not exceed = 2%

rapped the above mentoned parucles The
hexosamme content of these
fibres and of the supernatant cotlected after the ﬁ?;
centnifugation of the mucus was evamned a:rld !}c]o:?:;”
with the content found In the mucosa o (ehe mal
1ntestinal wall (Table 1) While the valu:z; mas i
columns do not differ much from each other

clump that ent
DNA RNA protem and

348

and a posiive diphenylamine reaction of if
hydrolysate all indicated the presence of DNA f
more the subsiance was sensttive to Crys
pancreatic DNase | 1n the presence of Mg?* tons

In repeated experiments 56-88% of the DN
found 1n the pellet after the first centnifugation |
was difficult to make bacterial adhesion evper
with this highly nsoluble DNA materat 1t has
been possible to draw any concluston about the ac
of fimbriated or non fimbriated Escherichia colt
DNA rich mucus

We do not know the origin of DNA m the
intestinal mucus An alimentary origen of suth
amount of DNA s unlikely as s the bacterial
because of the very few bacteriz i the mucw
tempt ng explanation is that the DNA ongnates fis
intestinal mucosal cells which are disrupted afte
release from the willi and then forms 2 ne
supporting the other components of the small my
mucus Careful morphological and autoradiogra
studies by Abrams et al (1) of the small int
mucosal cell DNA Iabetled with tritrated thymidia
shown that the turnover of the mucosal cells 1 the
15 a rapid process and that the movement of the
generated cells progresses rapidly from the crypis
tuminal ends of the villi However the authors g
data on the fate of the labelled DNA after release
cells from the villi

We befieve that the demonstrauon of & consid
amount of DNA as a part of the small intestinal my
1mportant for our understanding of the role played}
small intestinal mucus tn health and disease
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COMPARISON OF THE SENSITIVITY OF ELISA AND THE HAEMAGGLUTINATION
INHIBITION TEST FOR ROUTINE DIAGNOSIS OF RUBELLA

A Vegtorp and J Leerhoy

Rubella Department Statens Serununsutut Copenhagen Denmark

Vorp M & Leethoy J Comparison of the sensiuvity of ELISA and the haemaggluunition
b ion test for rounne diagnosis of rubella Acta path microbiol scand Sect. B 83 349-350 1980

A toial of 500 pawred sera were tested for rubetla anubodies by the rubella 1gG ELISA and the
bemaggluttnauon inhibiwon (HD) test Sigmificant differences between the antibody level 1n the first and
sond samples of 417 serum pairs were not detected by enher of the tests whereas significant
nreases 1n 71 pawrs were detected by both methods A sigmficant increase of the level in 12 serum
Rers was demonstrated by the ELISA but not by the HI test The rubeila 1gG ELISA 1s more
sensiuve than the HI test for diagnosss of recent rubella

Key words Rubella routne diagnosts ELISA HI

;)le‘r!]wrp Rubella Department Statens Serumuinsttut Amager Boulevard 80 Dh 2300 Copenhagen S
nmark

420  Accepted 26 vun 30

mjor problem 1n the serodiagnosis of recent
12 by the haemaggluunavon nhibiion (HI) test 15
B dincrease of specific antbody uters following the
on Thus the detection of a diagnostic mcrease of
i tter may be missed 1f the first sample 15 collecred
4few days after the rash In a previous study of sera
22 small number of pauents a slower increase was
M8 when the rubslla speaific 1 anubodies were
Tmined by the enzyme linked immuno-sorbent assay
1SAY 1t was therefore presumed (hat the diagnosuc
ity ve the reliability of a negative test result (7)
% be increased 1f the HI test was replaced by this
1y (6} A comparsson of the two methods appled far
une diagnosts of rubella 1s reported wn the present
mumcation

¢nals gnd Meth xis
A total of 500 pawed sera submitted for rouune
foss from pauents wilh rashes exposed 10 or
Xwnated against rubelia were tesied The sera were
med during a period of 3 months from general
iuoners and hospial depanments wha also provi
1the climcal informauon The sera were tested by the
test and the rubela sG ELISA a5 previously
wwbed (2 34N hata control anugen was ot

used i the ELISA and the results were read on a Tatertek
Mutuskan® photometer The reported E values are the
means of double determinations of single  serum
dilutions The test was repeated if the difference betw cen
the rwo determinations of one serum exceeded 15% An
E value of 020 was used as the lower tmu for the
presence of anubodies

Difference;, between the antibody fevels 1n the parred
sera were considered significant 1f the KI tter increased
four fold or more or If the E values wcreased 20% of
more provided the difference between the two values

was more than 0 05 and antbodies were detected n the
Secon g3 me & 11 - -

onty e
Tubell
descrivea (o)

Resulis
Sigmifican; differences between the levels of rul

sspeuﬁ: 20Ubodzes i the first and second of :17 o:{lll::
00 paurs of sera were Aot detecred erther by the H] test
:f e 12G ELISA jn 324 of these pairs rubella
a’::wlcs ere detected by both methods whereas 84
demn:: :nwn specific antbod s Rubelta 1gG was
i m‘&d W ¥ parred sera by ELIS4 but not by the
‘¢ E vatues being0 20-0 35 (median 0 31) The

3



HI uter of one parr of sera contaming rubella 1gG could
not be determined owing (o natural agglutiming still
present after the pre treatment The E values of one pair
of sera with an HI ater of 10 were 0 17 and 0 (§
respectively

The coefficient of variation (standard deviauon/mean)
calcufated from the difference between the first and
second of the 417 samples was 17% of E values Jess
than 020 7% of £ values between 0 21 and 0 50 and
4 5% of F values migher than 0 50

Stgnsficant icreases of the rubella anubody fevels
between the first and second of 71 paired sera were
detected by ELISA and the Hi test The nise of the rubella
186 E values were 0 17-0 59 (median 0 35) correspon
ding (o inicreases of 163-1680% (median 540) of the
first value The mcreases of the HI titers were 2-8 (me
dian 5} of two fold utration steps In each of $6 paired
sera the first sample was coflected 2 days after a rach or
earlier whereas the first sample of 2 3 and 2 paired sera
were coflected on days 3 4 and 5 respecyvely One pair
was recelved from a patient exposed to rubella but
without a rash and one pair was collected before and
after vaccination agarnst rubella

A significant in¢rease of the rubella anubody concen
tration from the first to the second of 12 parced sera was
demonstrated exclusively by the ELISL Of these 11
pairs were collected from patients with rashes (Fig 1)
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ed sera n which a
7 Results of testing 11 pair

si:‘sg;hﬁcam Increase i concentration of speaific anllicd::
was detected by rubella 1gG ELISA but not by the

et
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The ncreases of the E values were 21-333% (r
156) Al samples contned rubella specrfic
antibodies detected by ELISA except one obtam
days afier a rash Two sera which origiated fr
patient before and after rubelta vacanation cont
rubella IgG in both samples (E values 025 and |
but not rubella IgM antibodies

Discussion

The discrepancy between the HI test and the ru
1gG ELISA was most marked m tests of sera of W
the first had been obtained more than a few days al
rash Thus 10 of 1} pared sera showmg sigmi
increases of the rubella IgG E values but not of th
uters were collected 4 days after a rash or later (Ft
as opposed to only § of the 63 sera in which signif.
increases were detected by both techmigues The @
cause of the different results of the tho methoc
therefore probably the rapid duvelopment of the
anubody titers compared 1o the rubdla 1:G E v
after rubella infections This early mcrease i the
titers 1s probably due to the contribution of spectfic”
antibodies which are not detected by the rubella
ELISA The previously demonstrated higher prev(so
the ELISA techmque (4) may further contribute to
difference of the results

An alternative method for serodagnosis of ¢
rubelta 1s the detection of specific IgM anubodies
ELISA The assay may be applied routmely butist
complex than the 1gG assay owing to the mterferenc
Ig\ rheurmatord factor which necessitates determind
of the concentration or removal of this anu 1gG € 8
absorption to aggregated 18G (5) A new Eb
technique which uses antt human IgM attached o3
phase may be less affected by the presence of
rheumatod factor (1)

In a previous comparison of the ELISA and the
test for detection of rubdla antibodies the hu
sensitivity the ease of performance and possibihines
automation of ELISA were emphasized (4) The pre
study also showed a higher diagnostic sensitivity of
rubella 18G ELISt

This study was supported by a grant from
Foundatton of the Dansk Health Insurance Socieh
excellent technical assistance of Miss Karin Hat 50
gratefully acknowledged
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N ANTIGENIC
AEMAGGLUTINATION INHIBITION ANTIBODIES IN HUMAN SFRA TO A
MUTANT OF INFLUENZA A/TEXAS/1/77 (HIN2) VIRLS OBTAINED /Y HITRO

Lars R Hoaherm

Vacane Department Natonal [nsutute of Public Health Oslo Norway

shem L R Haemaggluunauon twhibiton anubodies 1n human sera to an aatigentc mutant of
luenza A/Texas/1/77 (H3IN2) virus obained i vitro Acta path microbiol scand Set B 8§
51-353 1980

W anugenc mutant of the wild influenza strain A/Texas/ /77 (H3N2) was obtamned e suro by
towing virus n the allantors-on shell system 1 the presence of a mouse monoclonal antibody
teparanon to the Texas hasmaggluunin (HA) antigen A total of 204 human sera from a population
£ randomly £ollected sera duting the fall of 1979 were etamuned by the haemaggiutination inhibitron
HI} tests agaimst the Texas wild stram and the antigenic mutant It was shown that sera from young
‘hildren (0-5 years) reacted poorly or not at all With this mutant strain whereas sera from adults (15
10213 + ) reacted equally well with both viruses It can be assumed that the antigenic site recogmsed by
s particular monoclonal antibody preparation (185/1) may be imporiant for the human immune
response to the HA anugen of A/Tevas/1/77 virus

%ey words influenza antugeruc mutant, monoconal antbody humzn sera

Lars R Haaherm Department of Microbiology The Gade Insutute MFH bygeet 5016 Haukeland

Sykehus Bergen “orway

ned 18 vy 80 Accepted 4 1% §0

onoclonal antibodies againsy the haemaggluuain
Yanigen of various tnfluenza viruses produced by
e hybrids between mouse myeloma cells and
e spleen cell (7) are now avallable (6 13 15) The
of the prescat study was 10 determine whether
an sera would tnhibit viral m

(Mo12) obtained through AOS passage of 4 /Texas virus
with monoclone 185/1 Post infection ferret serum o
A/Texas virus gave 8 fold Jower haemaggluunauon
mhibition titre with the mutant stram than with the
homologous variant whereas antiserum to Mol 2 reacted
o similar Utres with both strans In contrast the
anut

Swith the wid influenza srian A /Texas/1/77
2 and a anugemc muunt obuined i aiiro by
waung A/Tews virus m the allaptoss-on shell
m i the presence of monoclonal anubody agarnst
HA anugen 1n partcular we wanted o see whether
tfrom varous age groups differed in their reaction
s with SHESE TR VITUS S5AS

crials and Mach s

| barus strams The preparation and snugemc
fctenzauon of anugeme mutants of A/Texas/ 1/17
IN2) virus by the use of mouse momoclonal antibody
e 1A anugen of \/Texas varus will be described 1
2} elsewhere (Haaheim e ab unpidished) In brief
w8 was culthated 1 the sllantoson shell (AOS}

oo ~ P

y wsed m our sefechion
expeniments gave a2 haemagglutinauon whibmon titre
<,SO with the mutant virus while having 2 titre of 2bout

udled U1 enbryonated hens eggs (8) so that the N2
eatamimgase anugens were replaced by the Neql
anugemc subtype The recombnants will be called Tex
and R12 respecusely

2 Human sera gnd

serolgical tests Sera
obtamed from the SN an  an L - Sera were

e e PIARUUIES 114) exCept that the assa

s were
petformed in mictoplates emplaying 50 1l volumes of
each reacant A sera tn thus study were amopg those

having HI ures 210 o,
T gainst the A/Texas protonpe
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TABLE | Haemagglutination mlubition (Hi) Reacteons Sor Human Sera in Tests wuh A/ Texas) 1177 (HIND) arf

Antigemie Mutant Sclected in Viro i
i
No of sera with '3
Age No of Virus stated | Ratio Noofsera (%) with
roups tated HI titres
(g p) scrad stains GMTa) GMT 24 fold lower H uure -
years! testes <10 10-20 240 Tex/RI12 with R12 than with Tex |
Tex 0 6 24 621 )
0-5 30 33 20 (67)
R12a 8 12 10 191
Tex 0o 2 27 293 )
6-14 49 21 14.29) "
RI2 15 22 12 141
Tex o 9 kL] 461
15-24 39 14 10)
R12 0 16 23 335
Tex 0 16 30 349 )
25-59 46 12 1)
RI2 o2 3 292 )
3
Tex 0 13 27 380 '
60+ 40 ;] 503
RIZ H 16 19 332 ‘
2 Geometnic mean HI ture Titres << 10 were assigned the value of 5 when calculating GMT
b A/Texas/1/77 with Negl ne
]

< Mutant Mot2 with Neql
L

Tt has been shown that young children respond to1
mitial infection or vaceination by producing predom
tely strain spectfic (SS) antbodies to the HA anugen
iTuenza virus £rimed aguits fhowever usuaily es”
by making cross reactive (CR) antibodies bemng ablet
react with a range of viruses within the subtype as %

Results and Discussion
In all 204 post epidemic human sera from all age
groups were assayed 1n HI tests with Tex and R12
virwses  Tadle  swonmanzes oie man results of our
study For sera obtained from children aged 0-5 years
the geometric mean HI utres (GMT) in tests with the two
stratns differed markedly (3 3 fold lower for R12) Also  as SS anubodies directed against the first encountert
sera [rom older children (6-14 ycars) showed a clear fall. member of the subtype (9 10 Ocford es ol !
1 GMT (21 fold) whereas sera from adults (15 preparation) Furthermore the SS antibodies hav
years + ) reacted almost equally well with both strams  higher capacity to neutralize verus (5 11} to 1nhibit v
Twenty out of 30 scra (67 X 0 from the youngest age  haemagglutination (4) and to modify viral replicatd
group had HI utres 24 fold lower with R12 than with  (5) suggesung that young children with SS anubod¢
Tex virus Of the sera from adults only 7 outof 125 had  could be a candidate group for the setectron of net
this reaction pattern Agan sera from older children  antgenic variants showing »antigenic drift« away frof
showed an intermediate pattern of reactions with t4out the previous prevalent stramn and causing 1nfluent
of 49 sera having Z4 fold lower HI utres with the  eptdermcs at frequent mtervals The findings present?
mutant vIrus here are consistant with the previously reported distribd
Further analyses revealed that the 8 out of 30 sera  uon of SS and CR antibodies among various age group
(27%) from young children which failed to react with  since young children in contrast to adults reacted to Io?
the R12 mutant (HI titres <10) had a GMT of 259  HI utres with the mutant stran R12 having aq the sam
t the Tex varant (not presentet 1n Table 1) The ume relatively high HI ttres against the latest eprdemt
2gains figures for older children were 15/49  H3N2 variant It is likely that the SS antibodies m:
corresponding figur ectively Only 6 out of 125 sera  provide the most successful immunological pressun
(31%) and 138 m‘; t give posiuve reactions with  necessary for the selective grow th of mutant viruses W
(5°%) from aduld id 2o ga GMTof 10 Bagainst Tex  have in another study (3) demonstrated thay S
R12 having at the same time antibodies from hyperimmunc goat serum were hight

virus
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¢ 10 selecting new 3nugEnIC variants both it vifro
and m vno {mice) This special role of S§
es was also suggested by Furelr ter et al (12)
present report makes 1t likely that sera from
children could provide at feast theoretically the
‘avourable growth conditsons for new antigenic
s Several passages m ndividuals each having 2
ntand restricted antt HA antibody repertoire may
essary in order to select a varant sufficiently
ueafly different from previous straims 10 become
wologically relevant as has been suggested by
Hetal (15) and having the potential of spreading
groups other than the very young Qur mutant
issumed to have mutated at one anugenic locus
xnd ng to the anugenic stte recognrsed by the
done 185/1 may not have such an epidemic
ul since adults had comparable levels of anubo
» both the wild Type A/Tevas and the anugenic
t
ias surprising that our mutant baving undergone
passage with only one monoclonal anubody
‘auon should react so poorly with children s sera
¥ therefore be assumed that the antgemic Stte
used by monoclone 185/1 could be an important
o the pramary human immune response 10 A/
N7 vius Simuar studies are now i progress
other ant: Texas HA monoclonal antbodies tn
to vesugate whether changes at other anugenic
in be detected by human sera

upply of mouse monoclonal antibody 185/1 by Dr
16 Websier St Jude Childrens Hospital Mem

phis Tenn and helpful discussions with Dr Geoffrey C
Schild Natonal Institute for Biological Standards and
Control London are gratefully acknowledged Excellent
techmical assistance Was provided by Paal H Birg
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