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Acu path muerobio] scand Sect B 87 1-8 1979

THE INFLUENCE OF SPECIFIC ANTISERA

AND UNHEATED GUINEA PIG SERUM ON

THE PATHOGENICITY OF »RUNDE« VIRUS
FOR MICE

TERJE TRAAVIk

Department of Virology Natonal Insutute of Public Health Oslo Norway

Travk T The influence of specific anusera and unheated guinea pig serum on the pathogemcity of
»Ruadea virus for mice Acta path microbiol scand Sect B 87 1-8 1979

Amusera from varous animal species contaimng anubodies to »Runde« virus were not able 1o

seutralize sirys wnfecuon n newborn mice the outcome of which 15 an acute fatal CNS disease There
*as. howerer one nouceable excepuon Mivtures of virus and hyperimmune mouse Serum or asciic
flud moculared intracerebrally mto newborn mice resulted 1n & persistent infecuon and a chromc
discase which had previously only been vecognized 1 2 10 3 week-old mice inoculated with »Runde«
WIS A serum pool from persistently infected mice had the same effect though this was less
pronounced The addition of unheated purmea PIg serum 10 the virus hypenimmune serum mivures
Tewfotced the tendency to persisience and chramic disease and unheated guinea pig serum alone
modified the mfecuon 10 the same way The results suggest an mmunological basis for the wvirus
persistence and chronic disease 0 suckling mice
Rey words \ yryg anubody mixtures non newtralizaion chromic disease Virus persistence
T Travik nstiute of Medical Biology Umiversity of Tromso N 9001 Tromse Norway
Re
»;{ed HWu? Acoepted 3vn 78 MATERIALS AND METHODS
W
ol ;m"le«mus 1 probably a »new« arbovirus  berus Swarn
momh 1mm the seabird uick fxodes urige (17) Its The origin and 1solation histories of the two »Rundex
mu'; 0l0gy resembles that of coronavirus No  virus strans Ru E81 and Ru EBS have been piven i
(Am)mc Felationship 10 avian infecuious bronchitis :
" . “
foumg irus or magor arbovirys Broups has been

an:rms VTUS Causes acute encephalits 1n baby mice
y wtacerebral (¢ ) inyecuon In 2 week-old mice
mp:]rslsxem infection with chronsc disease may
PN ZZ sThe VIFUS Dersists in the braw for up to

e)wdam(e high anubody ntres (20)
dcmnnsu::m arcke repons expenments which
the tnabitity of antisera from various

sources to
fnulupy nNeutralize the acyte disease and the brayn
3190 61 \aru 10 bahy e

%db Used 45 3 20 & bran suspension which contained
approvimately 1063 BMLD 5o (baby mouse lethal doses)
per mi white the infected BHN medwm contained
approx 106 BMLDsg PBS pH 74 wath 0 8% bovine
atbumine (APBS) was used for virus dilations

Youse Stran

The experiments were performed with bab:
mout
litters of the strain Bom NAIR] (SPF) kept zng bl; ?l
the Department of Laboratory  Amimaly Nationay



Insttute of Publtc Health Oslo Most of the luters
consisted of exght baby mice aged 1-3 days In addion
some Iitters aged 14 and 21 days were used due to the
fendency to develop persistent infection at that age (20)

Antibody Source

a A pool of sera from 20 adult mice given five
ntrapenitoneal injections as described previously {17)
{hyperimmune mouse serum) The pool had utres of
1280 512 and 1024 by HAI (haemagglutination
wnhtbiten) CFT {complement fixation test) and IEQP
I \

resp

b Pooled ascitic fluids from the ammals which had
the same anttbody titres as the serum pool (hyperimmune
mouse ascites)

¢ Pooled sera from 10 persistently infected mice
samples taken 20-40 days p1 (chronie mouse) This
pool had titres of 160 64 and 64 by HAl CFT and
IEOP

d Sera from a techmcian accidentally exposed to an
infected syringe while inoculating mice The first serum
(early human) was taken two wecks after exposure and
had titres of ]0 < 5 and 4 (HAI CFT and IEOP) The
second serum (late human) was taken four weeks p t and
had tres of 10 8 8 The preinoculation serum
contaned no antibodies by the methods employed No
disease was observed n connection with this accrdent

e Pools of sera from chichens inoculated subcutanco
usly with 180-1000 BMLDso of » Runde « virus during
the second day aflter hatcting The first pool (early
chicken) was from five chickens taken on day 7 p1 this
had a titre of 20 1n HAI but no detectable antbodtes 1n
CFT and IEOP The second pool (late chicken) was sera
from three chickens taken on day 14 p1 The titres were
80 by HAI < 5 by CFT and 16 by IEOP

f A pool of sera from four gumea pigs given four
weekly subcutanzous wjectrans of BHR virus {approx
104 BAILDso) This pool (hyperimmune gusnea pig) had
utres of 640 1n HAI 256 in CFT and 512 0 IEOP

g A fowl anuserum 0 AIB virus supplied by the
Nautonal Institite of Veterninary Medicine Osio  the
neutralizanon index (NI) was 6 1 It did not react with
»Rundec viras in HAT CFT or IEOP

h Sera negative for anubodies 10 Runde virus by
the serological methods used were available for at
spectes These were used as control sera i the
neutrahzation tests

Al antisera were inactivated at 56°C for 30 minutes
Mouse antisera weére absorbed with BHA cells and alt
others with both cells and unmfected mouse brains prowr
to use This was also the case with the guinea pig serum
No reactton with the control antigens was seen 1 CHI or
IEQP for any of the seta Details of the adaptation of
seralogrcal methods to >Runde ¢ virus have been given
elsewhere {17 18 19)

Virus Neutrah-aton Tests i Mice

Constant virus varving serum dosc In these expert
ments the final noculum was calculated 0 contain
approxumately 100 BMLDseof »Rundec virus per baby
mouse Virus and antisera w ere diluted in APBS with the

-

addition of anttbiotics In the 1utral experiments aimed at
evaluating the neutralizing capacity of all the histed sera
sera dujutsons 1/10 and 17100 were vsed In the later
experiments focused on the mouse hyperimmune serym
driyuons 1/2 1/10 1/100 and 1/1000 were ugst
Samples and buffer were kept on 1ce during the diluuon
procedures  All virus serum muxtures were made m
duphcate Afier incubation for 30 min a1 37°C half of
the tubes recenved unheated guinea pig serum while the
other half recerved an equal volume of APBS The guinea
P1g serum was added in a concentranon sufficient to gnve
approximately five complement doses as calculated from
complement haemolysis tests The controls included
control] titrated virus negatne serum and guinea py
serum preheated at 56°C for 30 mmutes Each mouse
recerved 0 02 ml intracerebrally

Constant serum varying virus dse In these experiments
sera were diluted 1/2 and mrxed with virus doses

! o contun app y 4 3 2ang |
logjounits BMLDsg mn the final inoculum

The procedures for handling the different virus serum
muxtures the addition of unheated and heated guineap
serum and the mode of moculation were as described
above

In addition to negatine serum \irus mixiures and
control titrated virus preparations conirols with uniafec
ted mouse brains or cell culture media 1nstead of virus
were used 1in the neutralization tests

Re isolation of Virus from Inoculated Mice

Bramns were harvested after homogenwzaton and
1noculation of suspensions Ic mto new baby hiters as
described previously (17) Reisolated virus was identified
by the serological methods used 1 thrs study and
performed as reported elsewhere (17 20}

RESULTS

The Deficient Newtraliming Capacity of Antisera
None of the antisera employed was able (o
completely neutralize »Runde« vires infectivity i
snuce (Table 1) Acute disease developed although
the mcubation time was 1=2 days longer when
anusera had been added As a rule all mice were
moribund or dead by the 1Gth day p1 However for
the hyperimmune mouse serum and hypenmmune
ascites a special trend was poted By the 10th day
about two thirds of the muce were subacurely Jlf
while the rest seemed to be unalfected By the 20th
day p all amimals showed stgns of chronic disease
The serum pool form persistently nfected mice
seemed to have the same effect though o & Jesser
extent No differences between M and BHK virus

were recorded



TABLE | »Neutralizing « Capactty of Various Antisera to »Runde virus Mixtures of 1023BMLDsg of Ru E81 M
Virus and Antisera af the Indicated Dilutions were Inoculated 1¢ Into One-day old Mice Two Lutters of Sx Baby Mice
per Serum Dilution

Furst symptoms

Serum Dilution {day p1) Day 10 Day 20 Monality
10 dead
e 7 2 monbund - 100%
Early chuck et
ea
1100 7 1 monbund - 100%
9 dead
1o 8 3 monbund - 100%
Late chuck
11 dead
17100 7 1 monibuad - 100%
8 dead
171 8 4 monbund - 100%
Guinea pig
11 dead
100 ! 1 monbund - 100%
10 subacute 10 dead
9
e 2 asympt 2 chron, 83%
Chromc mouse 5 dead
/100 7 3 monbund 11 dead
R 2 subacute I chron 92%
2asympt
110 10 8 subacute
Hyperimmune 4asympt 12chron 0%
11100 ] 10 subacute 6 dead
2asympt 6 chron 50%
/10 10 9 subacute
Hyperanmune 3 asympt, 12 chron 0%
17100 3 10 subacute 5 dead

2asympt 7 chron 2%

Early human

i

11100

7

7

10 dead
2 monbund

100%

12 dead ~ 100%
1o

Late human

17100

8

7

4dead

$ monbund 3y

8 dead

100%

4 monbund
Controlsa 1o
6 Ald
e - 100%

* Joctude virus control. negagyy, the species imployed and ag AMUSETUM 10 avian ifectious
¢ sera from mployt b
o

L

nchits virus

-



P, c.d.
Ab 1/2 t ¢ Loesircen ] o,
D)
s d. c.d
Ab 1/10 2 C Tz,

10 13 19 21

S.d. ¢.d

Ab 17100 + ¢ L7z L2727

s.g. P- D D.
e 2442 812 8118

Chronic disease
24724 survivors,

Vo, +

Chromic disease
24/24 survivars,
v, +

Chronic disease
24/24 survivors,
V.l #+

Chronic disease,

Ab 1/100 T 3/34 Eurvivors
sd. P. D Chronic diseas
Ab 171000 + € P R 15726 survivors,
vii. +
A.d,
Ab 1/1000 »——m—’—‘c’z\,‘ .
P, 8d. 99ve c.d. Chronitc disease
Gp. s :””"‘"n “ 7724 survivorss
Vo, o+
A.i A.d.
Controls ——=ma—v.1, +
— L : : L ;
o 5 10 15 20 25 30

Days p 1t

Fig I Intracerebral moculation of baby mice with a constant dose of »Runde« virus (102 3 BMLD sg) combtned W,
hyperimmune serum 1n various dilutions and unheated guinea pig serum The number of days after noculation g

stated on the abscissa
(Ab 1/2 etc  Dilution of hyperimmune serum used
Cand Gps Unheated guinea pig serum

Controls »Runde« virus alone and 1 combinations with normal mouse serum, heated guinea pig serum, etc
At Acutelyill Ad Alidead D Dead P Paresis Sd Subacute disease Cd Chrome disease ¥ § Virus isolatiy
The fractions give the number of ammals with the symptoms indicated

Mixtures of »Runde« Virus and Hypertmmune
Mouse Serum

In the main experiments the effects of mixtures of
Ru E81 virus and hyperimmune mouse sera were
studied more thoroughly Fig [ summarizes the
results with constant M virus (1023 BMLDjo) and
varying serum doses Antiserum diluted 1/1000
had no effect on the chinucal course All mice
contracted an acute 1llness and the survival time was
wdentical with that of the controls, the only
difference being the one day longer incubation time
with antiserum At dilution 1/100 the clintcal
disease was more protracted, with subacute disease
and paresis as the main features One third of the
mice survived the nfection and showed clinical
symptoms resembling those of the chronic disease
described previously (20) for 2-week-old mice
mnoculated with »Runde« virus With antiserum
diluted 1/10, the protracted course was even more
pronounced, and all mice survived with chronic
disease At dilution 1/2 the trend was broken, since

4

symptoms commenced already on day 6 b,
However, eventually all mice displayed chrof
disease and all survived until day 40 p1

The experiments with constant serum ahg
varying virus doses are shown m Table 2 The
addition of antibodies mfluenced the clinical courge
and the mortality even with the highest virus dose
employed In all groups the survivors had chron,
disease This was never seen 1 the virus controlg
the mouse brain controls or the negative seruiy
controls

The results for BHK virus (not shown in Fig |
and Table 2) were essentially the same as for by

virus

Influence of Guinea Pig Serum

Heated guinea prg serum (56°C for 30 minutes)
did not mfluence the results The mnfluence of
unheated gumea pig Serum was unexpected, bu
nevertheless convinaing (Fig 1, Table 2) In mous



TABLE 2 sheutrali inge Effects of

of »Rundec ES1 M Yurus Tueny

Hypernmmune Se

Status 8t day P31

rum (Mouse} and Unheated Guines Pig Serurt an Different Doses
Jour fvewborn Aice Infected Intracerebrally

Varus
Inocutoms 5 [ 1 20 30 Mortality  1solation
100% NTe
b 3dead All dead
EfL 4 logs! (2dsd
Aote LR 12 gead
Do+ Ab Asympt paresis Jasympt  6cheon 6 chron 5% +day 40
Symp- T
oms All dead 100% N
Do gest 6 dead 14 deatd
ua 81l
Do+ Ab+gps  Asymot Paresis Gasumpt  2asympt. )0 chron 58% +day 40
ESL 3logs 2dead Alldead 100% NT
Agute Subacure 9 dzad
Do+ Ab Asympt. parssis 9pares  1Sall 15 chron 32% +day 40
Do+ gps Sympt All dead 100% NT
Stight 4 dead
pasesis Subac 184 {8 chron
Da+Ab+gps  Asumpt 1dead {0paresss  Jasympt.  2asympl 17% NT
Shght 20 dead
ERI Zlogs $ympt. 4 morjbund 100% +day 10
Da+ Ab Asympt. Paresis <chron chroa. 24 chron. 0% +day 40
8 dead 14 dead 15 dead
Do+ gos Asymp e 10swbat  Ysubac 9 chron 63% a2y 4D
Shght
Do+ Ab+gps  Asympt Sympt. chron chron 24 chron 0% +day 40
12 dead
Tillfmor® 20 dead +aay 10
E8! Yiog Asympt. Sasympt 4asympt  dasympt.  Aasympt 3% —day 40
Slight
Do+ Ab Asymp Asympt SympL <hson 24 chron 0% +day 4D
Some with
Do+ gps Asympt. paresiy chron. chron. 24 chron 0% +day 40
Some
Do+Abyaps  Asympe Asympt chron chron 24 chson 0% +day 40

* A serum pool from wninfected muce was used &s control %t all virus d
WTUM Was used WD Vs doses 3 and 2 logs These preparations
L nitfected mouse bratn suspensiges mixed with. *atserum 204 puinea

* Final vims dose recensed b

= Not testad

4 Aoutoedy Hypenmmune mouse serum
i

¥ each baby mouse given in logs g BALD:

50

03¢5 Heated 1nstead of unheated futhea py
did not affect the 100% mortahry ﬁl:
Pig serum did not produce any deaths



fitters mocufated with muxtures of virus and guimea
pig serum, the mortahity was reduced and the
survivors developed chronic disease When guimnea
pi1g serum was added to muxtures of virus and
antiserum, the ability of antiserum to modify the
clinical course was retnforced

Experyments in 14 and 21 Day-old-dMice

These Is were lated with of
1023 BMLDsp wvirus and hyperimmune mouse
serum diuted 1/2 with or without the addition of
unheated guinea pig serum As shown in Table 3,
the antsserum or gumea pig serum did not alter the
clinical course in these ammals

Resolation of Virus

The failure of the hyperimmune Serum to
neutralize Ru ER 1 infectivity was further ilustrated
by the ressofation of virus from both acutely and
chromically diseased mice (Fig 1, Table 2, Table 3)

Extended In Vitro Incubation Time for Mixtures

Since we realized that the i virro incubation tme
of inoculation mixtures had been rather short spme
experiments were repeated 1n order to evaluate the
effect of an extension In this case virus suspensson
antiserum dilution and the virus antiserum mixture
wete prepared in the afternoon and left overmght
(appeoximately 18 hours) at +4C A fresh vyrus
antiserum mxture was made the next morning All
tubes were then mcubated at 37°C, and unheated
gunea pig serum was added as described earlier
The prolonged incubation time did not affect the
baby mouse pathogemcity, and the results were
nearly 1dentical with those obtamed w the maw
experiments

DISCUSSION

The present studies have shown that antisera from
different ammal species were not able to nevtralize
the pathogenicity of thus varus for newborn muce
Sitce sRunde« virus produces persistent mfections

TABLE 3 Influence of Hyperunmune Mouse Serum and Unkeated Giuwnea Pig Serum on the Course of Ru E8!
Infection it 14 and 21 Days Old Mice 16 Ammals per Iroculum

Status at day p 1
Age of Vu-u]s
auce Inoculum 1o 12 16 30 reislation
E8layumsd  Asympt Shghtsympt  chron 16 cfiron +day 40
[ dead
Do+ Ab® Asympl Slight sympt chron 1§ chron +day 40
14 days © deas
Do +gpst Asympt Sughtsympt  chron 15 chron +day 40
Do+ Ab+gps  Asympt Slight sympt chron 16 chron +day 40
E81 +uns Asympt Asympt Shght sympt 16 chron +day 40
Do+ Ab Asympt ¢ Asympt Slight syropt 18 chron +day 40
21 days
’ Do + gps Asympt Asympt Shghtsympt 16 chron +day 40
Do+ Ab+gps Asympt Asympt Slight sympt 16 chron +day 40

2 102 3 BMLD 30 {baby mouse Jethal doses)
b Serom pool from uanlected control mice
¢« Hyperimmune mouse Serum diluted %

d Unheated guineapig sefum

« Qne mouse died 0nday 2P 1

[



1n the brams of older suckling mice (20) and
blockage or faure of the orgamsm to produce
neutralizing antibodies has been proposed as one
possible factor n the pathogenesis of persistent
infections (8) this Is an Interestng i 3nvo finding
Relative or absolute fasture blockage or suppresston
of have been d in
other persistent snfections € & LCM 1 mice (9)and
Visna maed: 1 sheep (16) As regards the latter
syndrome neutrahzing actvity can be detected only
Iate 1n the infection and then only after an m vitro
incubation period of 48 hours (5) 1o our expert
ments no difference was found between an ncuba
uon pertod of 1 and 18 hours The possibllity of an
vantigenic dnfie within the mfected amumal as has
been proposed for Visna masedh (5) 15 a fascmating
explanation for the abinty of a persisient virus

wnfection to escape the humoral immumty
The only antibody preparations which showed
any mfluence on the »Runde« virus infectvity tn
newborn muce were from hyperimmunuzed or
persistently wnfected mice The virus was not
neutrahzed but the climcal infection was changed
and virus persisted n the infected brains These
findings indicate a direct part played by the immune
system n the different age-expression of »Runde«
wirus infection tn mice The only studies which have
ndicated an immuno<ependent age resistance to
virus wfections have been with mumps virus 1
mice (11 12) The development of chromic 1nstead
of acute disease 10 newborn muce noculated with
virus hyperimmune serum fmixtures pomts to a
possible primary role played by tmmune-corpleves
also for the chroruc disease n ofder amats (20)
Possibly phagocytosing cells with Fe receptors
which set up an alternative infection cycle might be
mvolved (10} The immatunty of the lymphoid
apparatns of the new born mouse {3 13) and the
non myehnization of the newborn mouse brain may
provide factors predisposing for acute infection (4)
As regards the pant played by the unheated
guineapig serum 1t 15 well known that »lable
serum factors« (which are usually found to be
complernent) are able to remnforce antbody media
ted neutcalization of viruses 2 7 10 14) The
s involved may be ssmpl of

wnterfering particles (6) for the development of
persistent virus tfections These factors rmght also
contribute to the different age-expression of
wRundex varus 1nfections i mice (17 20)

The author wishes to thank Ewar Brunvold and Hallgrim
Sogaard for excellent technical assistance and Jens Chr
Siebke for valuable suggestions and discussions
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ANTIBODIES TO TICK-BORNE ENCEPHALITIS VIRUS
IN HUMAN SERA FROM THE WESTERN COAST
OF NORWAY

TERJE TRAAVIR

Department of Virology Natonal Tnsutute of Public Health Oslo and Insutute of Aedica) Biology
Unwersuy of Tromse Norway

Traavik T Amibodies to bok-borse tncephalits vivus m human sera from the western coast of
Norway Acta path mucrobiol scand Sect B 87 5-13 1979

Sera from 341 iadividuals ving 1 the distribution area of the uck Jxodes recinus were tested for tek

boree tooephatins CTRE) antbodies by HAL 20d g9 diffusson Kaole (eatement was unsehable for the
removal of nowspecfic HAL mhubitors Seven sera posttive after this treatment were shown 1o be
Tegatit afier acktone extracuon/flotahon eentnfugauon The antibody prevalence rate was 196 %

Seventy-one % of the sera had tives 2 40 The prevalence rate detreased with age Some Sera with
ow TIAT wres cludd be confirmed hy a senstive Cuchteriony techmgue while some with high tres
could nor even alfier ten fold Cluueal obtamed regarding
Datierts 3 hegh antibody ltres revealed some cases consistent w5 TBE virws infecuon  Anttbody
Drevalence tates 1ndiwcate that TBE virvs is morse active thag Uukunemi and hemarovo group virus i

tuck wifested areas Mixed foor of these viruses have beea mdicated by serological findings and virus
1solations

hey words Antbody prevalence pon speafic inhibitors clinial disease age distnbution

T Traavik Institute of Medal Bulogy University of Tromse N 9001 Tromse Norway

Recerved 1977 Acoepted 11 vy 78

Publications indicating the existence of ick borne
arboviruses in Norway have been avastable for years
(412 21} A restricted seeatom 1 —»

Q4 - -
Lty ‘

.
fxoues s 2 well knownt tick vector of this
virus In 1976 five virus strams antigemcally related
1o the TBE virus complex were 1solated from [
recnus (17}

The present study presents results emerging fron
2 sérological sursey of matenal from humans Yiving
in of pear § nenus 1nvaded areas on the W estern

ovrent APk

MATERIALS AND METHODS
irus Antigens and Control Sera
TBE varus (Hypr steain) was provided by the Inst
of Virology Slovak Acsdemy of Sciences Bmusl;:.ma:
2 10% Iyophilized baby mouse bram suspension from
passage 63 Sucrose acetone {SA) extracted hosmea,



a venfied case of tick borne encephalitts and a rabbit
tmmune serem of own production (26)

Human and rabbit sera were used as negative
controls

Human Sera for Annbody Sreenung

A serum panel was selected from the files of the
Department of Microbiology The Gade Insutute
Bergen Norway The donors comprised patients exami
ned for afi kmnds of viral diseases The only criterion for
ncluston mn the panel was that the pauents should live
within the distribution area of / recinus Efforts were
made to match the panel with respect to age and sex
distribution  Sera submutted from 341 persons n 1973
and 1974 were finafly incfuded These sera have been
screened earher for anmbodies to the Norwegian
Uuvkunierm virus strain By ES0 (25) and some of them
also to Tribec virus (unpublished)

Pretreatment of Sera

Kaolin absorption of non specific HAY inhibitors was
carnied out according to Clarke & Casals (7) In order to
test the adequacy of this method sera found positive 1n
HAI after kaohn treatment were extracted with acetone
{7 11) and retested for HAI antibodies

Separation of Anttbodies and Non specific Infubttors
Flotation centrifugation 1n NaBr was performed

according to Blom & Havhenes {3) employing a

Beckman L 350 centrifuge with rotor Sw 50 1

Haemagglutination Inhibiton Test

HAT was performed essenually as described by Clarke
& Casals (7) We used microytration equipment chicken
erythrocytes and four HA units at pH 6 2 and 4° C
Following kaolin treatment the sera were screened at
diluttons 1 10 and 1 40 Posiive sera were ttrated i
duplo

Immunodffusion
CHI (23) was performed with selected sera for
specifictty control of HAI reacttons Optimal working
conditions were determined by checkerboard titrations of
TBE antigen against the positive control sera Some
positive HAI reactions could not be confirmed directly
and we tried to concentrate sera 10 times by Lyphogel
(Gelman) (1) The small volumes avaiable of some sera
bited (e use of this procedure Further
specifiaity control 1 CHI was acheved by absorption of
posttive sera with TBE and control antigens

Correlation 10 Chnical Disease

No clincal nformation was available beforehand
concerning the patients Later we recerved mformation
recorded at the Gade Institute for patients with HAI
wtres > 320 fafter kaohn treatment) and for all

RESULTS

Remorval of Non specific Inhibitors

A total of 79 sera showed HAI activity at titres
2 10 after kaohn treatment Seven of these sera
were negative after acetone extraction four with
utre 10 two with titre 20 and 1 with titre 40
Flotation centrifugation of these haolin treated sera
showed HAL actiity n the lipoprotemn fraction
only and after acetone-extraction no activity was
found For some of the other sera there was a drop
i ttre after acetone as compared with kaohn
treatment Flotation centrifugation proved this to be
due to residual ipoprotens after kaolin treatment
while acetone seemed to remove non specific
inhibitors completely These results are illustrated
mFig t

Overall Sreemung Results

Seventy two sera from 67 patients bad HAI
antibodies to TBE wvirus in titres 2 10 after
acetone-extraction 1e the antibody prevalence rate
was 19 6% (67/341) Serum pairs were tested for
five pattents with identical titres in both sera
Geographrcal locatsons and proportions of seropos:
tive patients submutted by hosputals/physicrans are
shown 1n Fig 2 Sixty three % of the posttive sera
had titres = 40 and 7% had = 320 The
geometric mean ttre of the HAT positive sera Was
$3

Sex and Age Distribution
The prevalence of seroposttive males was 2%

(38/163) and 16% (29/178) females The diffe
1280 ’. P
suo L P
320 | L

o Y601 :
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Fig | Companson of HAI utns after kaohn and
acetone of 79 sera found positnye i sCreenings

patients d at the ™ 1 I
Department Haukeland Hospttal Bergen
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following kaolm treajment



Fig 2 Outhine of the southern Norway Locations of
vhysic ans/hosp tals submiung sera from seropos uve
patens Figures n brackets are numbers of TBE
seropos the/aumber tested

1 Stord (18/71)

2 Husnes 171)

3 Odda (1110}

4 Fusa(2/3)

S Tysse (2/3)

6 Bergen (12/45)

7 Fotlandsvig (1/1)

8 Siraumsgrend (4/14)

9 Lavk (1/3)

10 Nora (4733)

1 Sselgen (3/10)

12 Volda (2/7)

13 Alesand (16/43)

rence s not significant according to a chn square test
With Yaies corvection for discontinuyty (19) How
eser there 15 a decline m the prevalence dependent
on age The difference between ihe age proups 20~
30 years and 60~70 years was significant {p<
005) These results are Mlustrated 1 Fig 3

Get D flusion

Table 1 shows the CHI results for sera of vasious
:’!:) utres ;nlerc Was 10 clear-cut relationship
oo HAL ue and reacuvity m CHI Abso
von with TBE and contro) po

antigens showed al}
PrECpIln reacuons to be specific

Clirucal Evaluation

We obtamned chcal mformation aboltt patients
with HAI titres 2 160 One- of these had a
diagnostic T1se 1n titre to M preumoniag Another
with a diagnosis of pneumonia had cold agglutimns
m secum No diagnosss of virus infection was made
for any of the patients

Ten of these patients had symptoms Which may
fave been due to TBE virus infection encephalius
polyradiculitis with parests myalg: and fever The
diagnosts doubtful multtple sclefosss was made m
two cases

Anttbodies 1o Other Tick Borne Arboviruses

Some of the TBE seropositve patients had
antibodies  to  another probably J  no
nus transmutted virus Two had anubadies to the
Norwegian Uukunsem: stram By E50 (25) and
three were seropositive for Tribec virus (Orbivirus
Kemorovo group) (unpublished) None of the sera
had antsbodies to all three virus

=

Fig 3 Antibody prevalence rates t vartous age groups
Dashes Males

Dots Ferales

Open columas Total

TABLE [ Examt naton of HAI Posstive Sera by Gel
| fJus on
——————— e
HAI tre Number Number of CHIa posityve sera
tested rect  Concentrated x 10

10 5 0 o

20 1 3 5
40-160 16 3] 13
= 320 8 7 8

26

:” Qlosed hexagon Immunodiffusion.
Serum gave a very faint precypitation I
identity could not be decided ? e g



DISCUSSION

A relatively high proportion of persons with
antibodtes to TBE has been found among unselected
patients representing an average of the cases handled
by the regional virus laboratory serving the parts of
Norway most heavily mnvaded by / ricinus The
average antibody prevalence rate (=~ 20%) runs

indicate that TBE virus plays a role 1n human
pathology n Norway Further studies on selocted
groups of patients may clanify this aspect

The demonstration 1n both human and bayype
sera (24, 27) of antibodses to two tick borne Virus
points to mxed infections We have shown
experimentally that Uukuntem: virus may modify
the lethal TBE virus tnfection i mice that myeq

fe n some comt may aggravaty the

parallel with the rate for cattle r d earlrer ;n
the same parts of the country (24) The rate seems
lower 1n the endemic TBE areas in Finland (18)
Investigations on the tick infested Danish island
Bornholm (9) revealed only 1-2% seropositives to
TBE among the unselected residents as opposed to
30% among forest workers supposedly exposed

effects on the host and that chromic CNS digease
may develop 1n some instances (29)

Serological screening of the same human apg
bovine sera tndicates that TBE virus is more agyye
in [ ncinus invaded areas than Uukumemn ang
Tribec virus (25 and unpublished results)

frequently to ticks The antibody pi in the
age group 20—30 years 1n our patients 1s exactly the
same as that found for Danish forestry workers
We have not found publications on antibody
screenings of unselected humans i Sweden but the
very high rate of bovine reactors {43%) in
southeastern Sweden gives the impression of strong
virus focr (31} Human CNS disease due to TBE 15
well documented 1n both Sweden (20 30) and
Finland (14 17 32) It would seem that Norway
has active TBE foct of at least the same potency as in
the endemic parts of the neighbouring countries
Serological screenings of humans and cattle (24)
have shown that coastal Norway from the southern
end of the country and northwards to Mere and
Romsdal county can be considered an endemic
TBE area This represents only part of the
distribution area of / ricinus which stretches from
the Swedish border 1n the south-east almost up to
the Arcuc Circle 1n Nordland county (22 27}

The significant difference in age distribution for
seropositives 1n our material 15 1n contrast to the
situations reported from Finland (18) and Czecho
slovaksa (10)

The failure to confirm even some strong HAI
reactions by gel diffusion may indicate the existence
of related (perhaps mosquito borne) flavivirus in the
areas mvestigated (6 16) Precipitating antibodies
seem to be more type specific than the group
reactsng HAT antibodies (2 5 13 15 25) On the
other hand precipitating antibodies are thought to
be more short lived than HAI anubodies (2} This
may however be a question of sensitvity rather
than a biological reaity (26) The discrepancy
between CHI and HAI might also be due to
Norwegian TBE varants This 1s contradicted by
the close antigenic nterrelationships shown 1n the
TBE wvirus complex (8) and afso by the close
relationship to a Central European TBE virus of the
Norwegian strams 1solated so far (28) The chnical
historses of patients with »high ¢ antibody titres may

12

‘The serum panel and the climcal information on Whyeh
this work 1s based would not have been available Withgyg
the kind contributions of Professor Gunnar Haukepes
and his staff at the Department of Microbiology The
Gade Institute University of Bergen 1 am very graiefy)
to them

Emar Brumold has contributed expert technical assy
stance

REFERENCE

Ascharar 8 S & Peters R L Hepatitis assoctyted
antigen Improved sensitivity 1n detection Amer J
clin Pathol 55 262-268 1971
Balfour H H Jamerle R J & Edelman C
Califorma arbovirus (La Crosse) infections
Precipitin antibody tests for the diagnosis of
Califorma encephalitis Infect Immun § 947-95|
1973
Blom H & Haukenes G Identificaion of nonspe
cific serum inhibitors of rubella virus hemaggluttna
tion Med Microbwo! Immunol 759 271-277
1974
Brennaas O & Reeder S Meningoencefalomyely
radiculitt 1 Sunnhordland Tadskr norske kegeforen
82 739-744 1962
Calisher ¢ H & Maness K § C  Arbovisyg
1denuficaion by an agar gel diffusion techniqye
Appl Microbtol 79 557-564 1970
Casals J International arbovirus research Meg
Biol 53 249-258 1975
Clarke P H & Casals J Techmques for
and hibitton
wth arthropod borne viruses Amer J Trop Meg
Hyg 7 561-573 1958
Clarke D H Further studies on antigenic relation
ships among the viruses of the group B tick borye
complex Bull Wid Hith Org 3/ 45-56 1964
Freundt E A The western boundary of endemc
tick borne menngo encephalitis 1n Southern Scand;
navia Acta path mucrobiol scand separatum 57
87-103 1963
10 Gresitma M Ko uch O & Molnar E Humay

~

-

S

w

~ o

oo

o



=

@

3

snfection. with tick boree encephalits virus i the
Tribec region Bull Wid Hith Org suppl | 36
81-84 1967

Hammon W McD & Sather G E  Arboviruses
In Lennete E H & Schudt N J (Eds)
Diagnostic procedures for viral and rickettsial
infecuons 4th ed American Public Health Associa
tion New York 1969 pp 227-230

Krogh H K Menngoencefaltt etter bt av
skogNitt Tidskr nosske lmgeforen 78 472473
1958

Murphy F A & Coleman P H Cahforna group
arboviruses {mmunodiffusion studies J Immunol
99 276-284 1967

Oker Blom N kumlinge disease Ann med Exp
Fenn 34 309-318 1956

Papadopoutos O Anslow R D & Hanson R P
Application of the immunod:ffusion procedure 1o
rapid 1dentification of arboviruses and to detection
of speaific antibodies 1n sentinel ammals Amer J
Emd 92 145-150 1970

Russell P K & Brandt W E Immunopathologic
processes and viral antigens associated with sequen
2l Dengue varus Infection Perspectives in Virology
8 263-275 1973

Sackky P & Brummer Komvenkontio M Tick
borne viruses 1 Finland Med Biol 53 317-320
1975

Salminen A Erdson A W & Oker Blom N
Hemaggluunauon inhibiting antibodies 1n the hu
man population of ap endemc area of diphasic uck
borne meningoencephaliis Arch ges Virusforsch
1 215-223 1961

Snedecor G W & Cochran W € Statisucal
methods 6th ed The Towa State University Press
Ames Jowa 1967

Stedmr A von Zepel G Holmgren B &
Lindant J Tick borne mentngoencephalomyelius
‘llqsss‘eden Arch ges Virusforsch & 565-576
Tambs Lyche H  fxodes ricinus som muhg vekior

~
b

M
=2

~
by

[V
2 9

w
8

“

w

for sykdommer hos mennesker 1 Norge Nord Med
62 1217-1222 1959

Tambés Lyche H Ixodes ricinus and bovine redwa
ter 1 Norway Norsk Veterinrtidssknft 55 337-
542 1943

Traavik T Siebke J € & Kjeldsberg E A A
sensiive modification of the Qutherlony techmque
Detection of hepatitis assocuated antigen in 2 closed
hexagonal system Acta path microbiol scand Sect
B 80 7713174 1572

Traavik T Serologscal mvestigations indicating the
exstence of tick borne encephalitis virus foc1 along
the Norwegian coast. Acta path mucrobiol scand
Sect B 81 138-142 1973

Tragvik T & Mehd R Uukumemi group viruses
solated 1 Norway Arch Virol 54 317-331
1977

Tragvik T Development of a modified tmmuno
electroospiophoresis method for Uvkuniern and
Runde virus serology Arch Virol 54 231-240
1977

Traostk T & Mehl R Tick borne viruses in
Norway Med Biol 53 321-324 1975

Traavik T Mehl R & Wiger R The first uck
borne encephalitis virus isolates from horway Acta
path microbiol scand Sect B 85 253-255 1978
Tragvik T Experimental mixed CNS infections of
roce by three fxodes ricinus transmutted arboviru
ses Acta path microbiol Scand Sect B 86 343-
348 1978

von Zewel G Sredmyr A Holmgren B &
Lindahl J Tick borne memngoencephalomyehitis
in Sweden Lancet 1 104 1958

ron Zepel G Svedmye A & Zetterberg B The
geoperaphical distibution 10 Sweden of viruses

. . .
»om i Lhphasic tick borne meningo-encephalitis
Aumlinge disease 1n the Aland Islands Diagnosis
chmscal features and epidemology Acta Med
Scand suppl 472 275-286 1964



LAY

A relauvely hugh proportion of persons with

ndicate that IBE virus plays a role 1n human
pathology 1n Norway Further studses on selacted
groups of patients may clanfy this aspect

antibodies to TBE has been found among d
patients representing an average of the cases handled
by the regional virus Jaboratory serving the parts of
Norway most heavily mvaded by / ricinus The
average antibody prevalence rate (=~ 20%) runs
parallel with the rate for cattle recognized earlier 1n
the same parts of the country (24) The rate seems
lower i the endemic TBE areas in Finland (18)
Investigations on the tick infested Damish jsland
Bornholm (9) revealed only 1-2% seropositives to
TBE among the unselected residents as opposed to
30% among forest workers supposedly exposed
frequently to ticks The antibod; 1 n the

The d tn both human and bovine
sera (24 27) of antibodies to two tick borne virus
pomts to mixed infections We have shown
experimentally that Uukuntem: virus may modify
the lethal TBE virus infection m mice that mxed
infections 1n some combmations may aggravate the
effects on the host and that chromc CNS disease
may develop in some instances (29)

Serological screenng of the same human and
bovine sera indicates that TBE virus 1s more actne
m I nengs invaded areas than Uvkuniem:t and
Tribee virus (25 and unpublished results)

o 4
age group 20-30 years mn our patients 1s exactly the
same as that found for Danish forestry workers
We have not found publications on antibody
screenings of unsefected humans in Sweden but the
very high rate of bovine reactors (43%) m
southeastern Sweden gives the impression of strong
wirus foc1 (31) Human CNS disease due to TBE 1s
well documented 1n both Sweden (20 30) and
Finland (14 17 32) It would seem that Norway
has active TBE foci of at least the same potency as
the endemtc parts of the neighbouring countries
Serological screenings of humans and cattle (24)
have shown that coasta) Norway from the southern
end of the country and northwards to More and
Romsdal county can be considered an endemic
TBE area This represents only part of the
distribution area of { ricenus which stretches from
the Swedish border 1n the south east almost up to
the Arctic Circle 1n Nordland county (22 27)

The sigruficant difference 1n age distribution for
Seropositives 1n our material 1s 1n contrast to the
situations reported from Finland (18) and Czecho
slovakia (10)

The failure to confirm even some strong HAI
reactions by gel diffuston may mndicate the existence
of related (perhaps mosquito borne) flavivirus in the
areas mvestigated (6 16) Precipitating antibodies
seem to be moare type specific than the group
reacting HAT antibodies (2 5 13 15 25) On the
other hand precipitating antibodies are thought to
be more short lived than HAT antibodyes (2) This
may however be a question of sensivity rather
than a biological reality (26) The discrepancy
between CHI and HAI mught also be due to
Norwegian TBE variants This 1s contradicted by
the close antigenic interrelationships shown 1n the
TBE virus complex (8) and also by the close
relationship to a Central European TBE virus of the
Norwegan stramns 1solated so far (28) The chmcal
histories of patients with »high < antibody titres may

12

and his stafl at the Department of Micrabiology The
Gade Institute Umniversity of Bergen I am very grateful
to them

Einar Brumold has contnibuted expert techmcal 4sst
stance
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PSEUDOMONAS CEPACIA BACTEREMIA DUE TO
INTRINSIC CONTAMINATION OF AN ANZESTHETIC

Bacterological and Serological Observations

1 G A BORGHANS MARJA TH C HOSLIY) H OLSEN ELSEBETH M RAVN
K. SIBONI and P SBGAARDY)

From voor de Canusius Wathelmina  Ziekenhuis  Nymegen
Hotland!) 2ad from Statens Seruminstitut Regronal Laboratory Odense University Hospual DK 5000
Odense C Deamark?)

Borghans ] G A Hosht Mama Th C Olsen H Ravn Elsebeth M Sibom K & Sogaard P
Pseudomonas cepacsa bacterzm due 1o 1atnasIc f an and
serological observalions Atia path microbiol scand Sect. B 87 15-20 1979

In November December 1977 an epidemuc of bacterzmia due to P cepacia was observed in Odense

Denmark (mne pauents) and n Nymegen Holland (seven pauents) All patients recoversd The
epidemc was teared - -

from the pate - -
patterns and x -

I WO PASSALLs . i w) p NyUlUMvEIZode U mg/ml which promoted the growth of the
pucroorganism  tnocula of 2-20 cfu were sufficient to mmate growth in the drug or preservauve
These facts indicate the madvisability of using p hydrox: benzoates as preservauves 1n vials The strain
was tubied 2t temperatures above 38 S°C corresponding 1o the secovery of e pavents afier a
period with fever above 39°C Fourteen out of |5 pauents esamuned had agglutimn utres =320 while
36 blood donors had utres <40 Of 12 pavents with postoperative fever 1n the same period whose
blood cuttures did not yeeld P cepacia three had utres >320

key words Anastheuc hospital sfection sntninsic contammauon  Pseudomonas cepacia serology
¥ G A Borghans voor de v Canisius Wilbelmna Ziekenhurs St

Avnaswraat 289 Nymegen Hotland K Sibon: Statens Seruminstetuts Reguonatafdelng Odense Sygehus
1 B Winstowsie 1911 DK 5000 Odense € Danmark

Reorived 24 ¥ 78 Acctpled 2vin 78
Tn November December 1977 an epidernic of
bacterzma due to Pseudomonas cepacia was
observed 10 Odense Denmark (e patients DI~
D9) and 1o Mymegen Holland (seven patients Hl~
HD) Al povients recovered from the acute episode
The epidemic was traced to intninsic contammation
of batches 77 E 13/607 and 77 F 07/606 of the
anzsthene fentanyl (Haldd®)
"rhe‘ e;:‘dcm:ol:gy of the outhreak and the
chimcal condition of the patients has beey
by Stboni et al (1979) In the pmentn:a;c:lbl:‘:
results of bactersological and serolog

acal invesuga
uons will be eported the growth of the 1solates 1n

media with different content of carbon sources and
preservatives and at different femperatures (n order
1o eluoidate the background of the epidemic and 1o
gve & quanttative basis for the febnle and
serological response 1n the patients

MATERIALS AND METHODS
Strawns used 1n bacterslogical expeniments

P ceppera

D 60 541 1sotated Nov 23 1977 fr
e Dy om the blood of

b ;J 61354 1solated Dec 4 from the blood of patient






TABLE § Growtlt of Epidemic Sirains of P cepatia n Hutner s Medium without and wath Different Carbon Sources

Wolate nd 60 541
Medwm

Hutper s medutm Without carbon source L2
Hueaer 5 medinm with

frethyl p hydrox benzoate O 5 mgfmi 10
Hutper s medivm with arguae 2 mgfmd 16

6 354 62622 62669
63 52 63
t=983
[
P<00)
kR 10 68
6 76 75

(og cius0 1 i alter three days growih 1n 09 passapey

The isolates grew well in ammonium citrate and
walonate and 1o two passages in Hutner s mimmal
medwm cottatang glocose. | mg/ml arguine 2
wif{ml wetyl p-hydroct benzoate 0§ mg/ml
and g hydrou butyne acid 5 mg/ml and formed
eelustons m the last named medwm

{dentical 1solates were obtamed from 15/99 vasls
of batch E (00 14-0025/D J mb) snd from 44746
weals of bageh F{10-105/0 | mil} Among soutne
anumicrobiats the solates were sensupve only to
conmotazole and to maldiue and This 15 0
aordance with the sensttivity pattern described by
Wy & Young (1975) fur the mapry of F
cepats Strams

Growth w the Presenatnes ard in Feraard

The epidemsc Jso)ates grew ut tho paSSages im
Huotners mediim  contymng  methy p hydroxt
benzoate, 05 mg/ml while the AB stock stratas
dig pot Mone of the strains covld grow 1n the
second passageat 1 mg/ml Tabie 1 shows the res
three dags after the second passage 1 Nutners
smedtum with different carbon sources The preser
vate as well as Argimsne promoted the growth of
the four 1solates

Table 2 shows the results of a growth expeniment
n the drug 2nd tn pure p-nydromt benzoae solution
Inocula of 2-20 cfu were sufficient 10 mitiate
growth The final titres were not appreciably higher

TABLE 2 Growth of Pseudomonas cepacta Jsolate 60 541 1 Femtam| at Oifferenr Temperatures aat it the
p fadroxs ben oate Presengie

1o

woculum  day 2 3 4 7 4 generaton

mS mt tme (h)  on day
methyl p hydrot benzoate
45 mg/mt

+
070yl sbydrom benzoase 03 < b4
oy 0 12 29 53 5) 855 34 g
Al Toom temperatore 2242300
Tentany} room temperature 92
<0 ©0& 29 50 S5p 4¢3 13 24
fentany) 30°C 13 7
03 2 st 57 30

o cfu per 04 o)




D 62622 1solated form a 10 ml vial contaiming
fentany! batch 77 E 137607

D 62669 1solated from a 10 m) vial contammg
fentany! batch 77 F 07/606

AB 1164 recerved from Dr ¥ Frederthsen Depart
ment ol Diagnostic Bacteriology Statens Serummnstitut
Copenhagen

AB 1424 recesved from Dr B Frederiksen Depart
ment of Diagnostic Bacteriology Statens Serumunstitut
Copenhagen

AB 1425 recerved from Dr H  Frederihsen Depart
ment of Diagnostic Bacteriology Statens Seruminstitut
Copenhagen and described by Bremmelgacrd (1975)

Stratns used 1n serological experiments

P cepacia

B 1130 1solated Dec 15
patient H 1

B 1132 1solated Dec 16 from the blood of patient
HI
B 1134 1solated Dec 17 from the blood of patient
7

1977 from the blood of

H
B 1135 1solated Dec {7 from the blood of patent
Hé6
D 60 541 1solated Nov 23 from the blood of patient
1

P 8737/1 ssolated from 10 m! vial no 1 contanng
fentanyl batch 77 F 07/606 (big colony varrant)

P 8737/2 1solated from the same vial (small colony
vanant)

P 8737/5 1solated from 10 ml vial no 5 contaimng
fentanyl batch 77 F 07/606

P aeruginosa serotype 6 (Habs) recetved from Dr 7
H Siem Gemeenteziekenhws Arnhem (Siem 1972)

P maltoplulia recewved from Dr J Borst Afdeling
Byzondere Baktertele Determuinaues Rykstnstituut voor
de Volksgezondheid Bilthoven Holland

Serum samples

Group | 15 samples taken 7-51 days after imjec
tion of fentanyl from patients with P
cepacia positive blood cultures
12 samples taken 1247 days after
ijechion of fentanys from panents with P
cepacia negative blood cultures
9 samples taken 12—41 days after mmjec
tion of fentanyl from patents without
postoperative fever
Group 4 36 samples from blood donars

Group 2

Group 3

Bacteriological Methods

The 1solation of the strains from patients and fentany!
vials has been described by Stbom et al (1979)

The ability of the isolates to grow on glucose f
hydroxi butync acid argimine and methyl p hydroxs
benzoate was tried in Hutners mimmal medum
(Hotding & Collee 1971} The first passage was made
from an overmight culture 1n Hutner s medmum without
carbon source

O/F media with carbohydrates were as reported by
Hugh & Leifson (1953) Other media and staming of
fagella were as used by Sibon: (1976) Senstuvity tests

were performed with Sensitabs® (Rosco DR 263
Taastrup) or with Multodiscs® (Ovord  Bastgsioke
UR) Growth rate at different temperatures was tes ec
as described by Olsen (1966)

The Drug Fentamy! (Haldid®) and the Presenaties

The anzsthetic fentanyli citras 78 5 pg/m! war
dispensed by the manufacturer m 10 mt vials To i
solution had been added the presenaunes methytp
hydroxi benzoate 05 mg/ml and propyl p hydrou
benzoate 005 mg/m! corresponding to a total of 0 045
2/100 m! of p hydrou benzoic acid The vials had not
been stenilized after closure

Batch 77 E 13/607 (batch E) had been produced in
May 1977 batch 77 F 07/606 (batch F) in June 1977
The two batches had been used 1n Dansh hospitals from
about August 3| and they were withdrawn Dec 14and
Dec 9 respectively In Holland baich F was withdrann
Dec 19 1977 Batch E had not been sold to Holland
For further epidemiologieal detarls see Sibor ef al
1979

Growth 1n the drug or preservative was quantfied by
using bactersa from an overnight culture twice washed m
sterile distiiled water After control for stenlity vials

the drug were d with volumes of 01

ml from a dilution series 101-107 of the washed
bacteria Only the vial showing growth with the smallest
moculum was exanuned further The same expeniment
was repeated with sterile distilled water containmg only
the preservatives

Serologtcal Methods

Production of O antigens Suspenstons of cultures
were adjusted to McFarland standard no 3 (Pak &
Suges 1974) and boiled for | hour After cooling they
were stained by addition of crystalviolet {final concentra
tion 0 1 mg/ml}

Microtiter agglutination tests Serum samples were
examined before and after inactivation for ¥ h at 56°C
10 two fold dilution series () 10~] 1280) using 0 025 m!
serum dilution and the same volume of antigen 1n ¢ach
cup
Cross absorption tests (modified from Crusckshark ¢f
af 1975) were carrted out on serum samples from
pattents D 4 and H | with P cepacia 1solates Nymegen
B 1132 P 8737/ and Odense 60 541 and with the 7
maltophilia stock culture

RESULTS

Isolation Identification Sensunity Pattern

Blood cultures from nine Damsh and seven
Dutch patients yielded identical aerobic non
fluorescent lophotrichous Gram negative rods
with the characters described by Stborr et al 1979}
the stramn belongs to Fseudomonas cepacia
(Doudoroff & Palleron: 1974) It dillers from typical
strains 1n not reducing nitrate to mitnte but accords
in this respect with a munority of the strains
described by Bremmelgaard (1975) and Sneil et al
1972)



TABLE $ Anubody Tures

agmnst B tepacia Antegens (tnactvated Secum Samples)

4
Tater Growp 1 2 . 3 ot
Patents with Panents with atrents withou
£ t:p::tm posiuve P cepacra negative postopetaty® i&::rds
blood cultures Blood cuttares fever
3 s
“ o > : i
B s ; : :
30 \ { ‘Z’ 0
160 o 0 : ?
320 3 0 : e
640 3 0 g ¢
=12¢0 8 3
Touals 15 12 9 36

None of the serum samples agglutinated £ geruginosa H 6
ALl serum samples from groups 2 and 4 were nezative agamst P maltophiha Syusamples from group 1 and one from

troup 3 had utres 5 40 aganst P maltoph [a

The stock strain AB 1425 differed from the
epidemic olates 1 not growng at 4°C and 1n
showing a considerable growth infubitron already at
38°C (Table 3}

Based on the resulis given in Table 3 the optimal
growth temperature for all <tramns «ere 30 and
35°C
Serolagy

Agglutination tests More than tw o-fold differen
tes m Inres of one serum aganst anhgens from
differemt P cepocre wsolates w the same run were
not seent. Likewise we did not find more than four
fold differences 1n utres of dufferent runs Generally
taiges of serum samples afier mactivation were equal
10 ot higher than ttres before imact ston

Al but one patient with £ cupacta posune blood
cufture and (hree patients with P cepacia negatne
blood cultures had hgh ttres against the eight P
cepgcsa antigens Table S Wustrates the differences
between uires obtamed mn the four groups of
samples inyespigated

Crossabsorption tests The Dansh 1solate 60 541
and the Duwh wcolwes B 1132 and P 8737/5
climunated all agelutimins from the Dacsh aad
Duteh <erum samples

The addwion of the £ maltophilia suspension did
oot affect the apglolnanon bires of e serum

samples
DISCUSSION

The biochermcal characters of the epidemic stran
vermitted the duagnosis of Pseudomonas cepacia
Uitont ef at 1979) which 1s 2 somewhat variable

taxon (Bremmelgaard 1975 Doudorofl & Pallerom
1974 Snell et af 1974)

1n the unbroken vials the titres about 104$/0 1
ml were no higher than those obtatned by other
mvesngators with P ¢epacia i distled water
(Carson et of 1973} Under aerobic condivons ~ 1n
open vials {Table 2) -~ the final titres were about the
same In Hutners salisufficient mediom without
carbon source the titres tncreased with about 1 Jogq0
{Table 1} and the preservative methyl p hydron
benzoate as well as arginine covid serve as z cacbon
source in the concentraon used 0 5 mg/m! while
1 mg/ml was mhibrtory to growth As the stock
stramns (P cepecia AB numbers) did not grow at
ewher concestralion these findings suggest the
selection of a resistant clone this as well as the
small tnoculum sufficient to imtiate growth (Table
2) indicates the inadvisability of using p hydroxt
benzotes as preservalives i vaals

The suggested development of resistance to P
hydroti benzoates agrees with the findinpe af 7 o
v

e wds ut vadis was 3 0=3 6 hours (Table 2) but
may have been much longer 1n unbroken vials as 15
the case with P gerugimsa in unvented vacuum
blood culture bottles (Braunstern & Tomasuda 1376
Knepper & Anthomy 1973)

The imhibjion of growth of the stramn at
lemperatures abore 38°5 C may explain the
recovery of the patents afies a penod with ferer
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TABLE 3 M: Tutres of Fnne Pseuds cepacia Strains at Different Temperatures
Temperature 60,541 61,354 62,622 62,669  ABI41s
4°C  log maximum titres 65 75 80 75 NG
number of days
untl maxrmem titres 2] 17 20 20
0 log maximum titres 70 35 60 75 70
14 17 20 18 n
20 log maximum utres 70 85 75 80 80
4 4 4 4 4
30 log maximunm titres 75 85 70 80 75
2 2 3 2 2
35 log mavimum titres 75 90 65 83 80
2 2 2 2 2
37 log maximum tres 75 8s 50 80 70
3 3 N 2 3
38 log maximura titres 70 95 45 75 15
4 4 4 3 4

NG no growth

For each temperature the figures 1n the second row state the number of day s before the maxsmum titres were obtained

than those of the contaminated vials and no higher
in fentanyl than in the pure preservatives The
generation time was 3 0-3 6 hours

Growth Rate at Different Temperatures

The maxunal titres obtamed at each temperature
and the time required to reach these titres are given
n Tables 3 and 4

The clinical 1solates 60,541 and 61,354 and the
fentany) 1solates 62,622 and 62,669 reached about
the same titres at temperatures between 4 and 38°C
(Table 3)

At 38°5 C all but one isolate, 61,354, showed
definstely lower titres, and at 39°C growth of &
1solates was much reduced or completely inhibied
{Table 4)

cepacta Straus at Temperatures Close to the Upper Lt of Growth

TABLE4 Tutres of Five P:
and ar 35°C
Temperature 60 541 61 354 62 622 62 669 AB 1423
35°C  log mavimum titres 61 69 63 77 717
number of days
untif maximum titses 3 2 2 3 2
385 log maximum titres 32 71 32 217 NG
8 5 7 7
39 log maximum utres NG z 7 NG i i NG
395 log maxumum utres NG 17 NG NG NG

NG no growth
For each temperature the figures in the second row state the

\Q

number of #ays before the maxtmum trés were oblamed
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ELECTRON MICROSCOPY AND IMMUNOPEROXIDASE
STAINING OF STREPTOCOCCUS MUTANS DURING
CONTROLLED GROWTH IN TWO DIFFERENT MEDIA

CH BERTHOLD P BERTHOLD and C E NORD

Depaneonnts of Anatomv  Prostheues and Oral \Microbjology  harohmska Instrwiet  S-104 01
Stoukholm Sweden

Bermod CH Berthold P & Nord € E Electron micfoscopy and mmmunoperovdase staumng of

Strept soccus mutans durtng controlled growth 1n o different media Acta path microbiol scand
Sect B 87 21-2% 1979

Steepiococcus musons subspecies subruus serotype d (B3} was culuvated 1 a fermentor under
controffed conditions in two different mediz a complex proteose peprone medium and a defined
munnal medium (C4) Specimens from different growth phases were examined by electron mcroscopy
and (ested efectron immunohistochemically  Irrespective of the growth medwm used no differences
were obsersed 0 the immunohstochernical staning pauers of bacieria dunng the lag the exponeatisl
and the early stauonary phases Specimens obtamned several bours alier evponent) growth contamned
areas where the bacteria showed stasminig that ranged from a sirong deposit of reaction produes o Pp
depostt Thes appearance seems Partiy 10 explan the differences 1 the imensny of mmmunohistochemn

cat stning of certan bicteria observed 1n dental plaques stamed Jor Wenuficanon of S »umns

subepeests sobt s

Rey words Streptn xccts e uta s glycol methacrylate electron microscopy 1mmunohisiochenustry ang

horseradish perovidase

P Berthold Diparyment of Anatomy Rarolioska tasututet S-104 01 Stockholn Smeden

Recenved 10V 78 Accepted 9 v 78

The g of oral by
means of wnmunofluorescence and by elecron
microscopy  has recently attcacied  considerable
nterest (Blesw s 1976) However ordinary electron
oy IS asuli for the 1d: of
for instance dfferent oral vindans streprococe
some of which are considered cartogenic (Fie~gerald
1976 10t & Leadbitier 1976) Antempts hare
therefore been mads 10 sdenufy 7 s growmg
dental plaque microorganisms (S musgns 2nd S
sanglas) by the use of electron immunochistochemu
stry tLay et al 1973 Berthold 1975) In the case of
S mutans t was found Gerthold & Borthold 1978)
that immunoperoudase stamng of ultrathin sec
tons of two-day-old dema) Pplaques gave rse o a
dist1act electron-dense reaction producy which for
med a characterstc thick contmyous 1ayet on the

wafls of some bactera This staung patiern. npe
A %as simiar o that noted on sechionstainsd
bacterts nf o va - e

a ve e BN the

wolibiUOR o Ihese factors The present

investy
uops wss derefore tarmed our wit i

h cm -

.

W
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above 39°2 C Also the Damish stock stramn was
inthibited at 38°C (Table 3) As the stram examined
by Carson et al (1975) and 13 of the 35 strans
examuned by Snell et al (1972} were able to grow at
temperatures above 44°C, the upper [t of
temperature tolerance may vary in different parts of
the world as 1s the case with Flmobacterium
memngosepticunt (Ofsen 1966}

The serological results make st lghly probable
that at least three patients with postoperative fever
but without recognized bacteremua belonged to the
epdemic (Table 5, group 2) The postoperative
clinical features i these patients were similar to
those of the pauents in w hom bactereemya had beey
demonstrated (Stbom et al 1979) This result

Buchanan R E & Gibbons N F (Eds) Bergey s
manual of determinative bactertology 8th ed The
Willtams & Wilkins Company Balumore [974 p
217

Holding A J & Collcc J G Routine brochemteal fests
In Norns 4 R & Ribons D 1 {Eds} Methodsin
mucrobiology vol 6A Academic Press London &
New tork (970 p 4

Hugh R & Lafion £ The taxonomic significance of
fermentative versus ovdative metabolism of carbo
hydrates by various gram negauye bactera J Bict
66 24-26 1953

Amepper J G & Awthoms B F Dimumshed growih ol
Pscudomonas @ ruginsa 10 uniented blood-culure
bottles Lancer 2 285-87 1973

Moody Marca R & Young hede M Tn wino

y of Pseud ecpacia and Pyid

demonstrates the usefulness of serological method
1n elucidating the true extent of hospuital epidemics
due to P cepacia

The cross absorption test showed that the Danish
and Dutch strains had identical antugens, this result
as well as the identity of biotypes and sensitnvity
patterns  supports our assumption that the two
outbreaks had a common origin
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Abbreviations uséd 4 micrographs and legends <ot =
wooteon petlet tikes bodies Cw = cell wall Cwf = call
wall fragment EM - electron mucrograph Wip =
horseradish peroidase reacton product N o= meso-
some N = nuciear region and Or = outer 1im of celt
wall Asterssks indicate notches in the H rp locahized at
the sute of a eross walt formation

Al EMs show glutaraldehyde fived bacieria belonging (o
$ mutans serotype d stran B 13 All secuons were
contrasted with wranyl acetate and Jead curate Unless
oMerwise indicated the bar  the upper part of ach
figure indicates 0 2 pmt

fiz I Exponenual phase Proteose peptone Medium
Vestopal embedding The bacteria appear 10 be welt
preserved and contam Rumerous nbosomes The cell
wall conststs of two parts an mner highly electron
dence lager and an outer thicker less electron-opaque
fayer with an outer rim of increased electron density and
2 fuwzy coat  Closely apposed bactenia show uny
fibniflas interconnections {arrow) The dividing bacteria
disclose cell wall bands fencicled) x 50 000

#ig ! Same sample as shown in Fig | GMA

embedding The appearance of the bacteria 1s Similar to
that n Fiz [ Note the GMA-dependent patchwise loss
+( tonnestion hetween the cytoplasm and the tell wall
and the empty looking defects i the cytoplasm The
wioplasm contawns numerous ribosomes X 50 000

#w 1 Exponential phase Proteose peptone medium
GV A-embedd: € Spectinen W as dase
section stained using anui § mstans snbraes serum All
bacteria are surrounded by a charactensue  highly
electron dense thick coat of Hrp which at some sies
show notches fasterisks) “vore > unstained« cross walls
larrow) « 20 000

Ffig 4 Same spectmen as in Fig 3 The specimen was
immunoperonidase <ection Stamned using normal rabbat
«crum Note the complete lack of Hrp Compare with
Tig 3 «20000

Fee S Sanomary phase (16 hours after exponential
growth) Proteose peptone medfum  Vestopal embed
ding The speaimen contains both ,normal looking ¢

factena fanow  sompare Walh Fig V) more or less
Bcororn at n

1be cyloplasm contains dense bodwes of
many Gifferent shapes The highly electron-dense charac

«t of the nner Laver of the cell wall found 1 the wnor

MalJookings bacteria 15 more or fess fost m the
disorgamized ones (double arrow) x 50 000

s ati

# 2 & Same ample as 10 Fig 5 GMA-embedding The
SPOIMEn Kas Mmunoperotidise sechon stained using
30 S mutans sibrinws serum Several baciena are
surrounded by a thick bighly electsondense H rp
#hereas orhers disclose 8 patchm se distribution of the
> Somne hattena wach a morphology simitar o fully

stavned mebers of the cutture facked H rp (indicated by
white rings) % 20 000

Tnset — (com the sare section as 1 Fig 6 — showing
cell wall fragments on which a heavy Hrp has
developed X 16 000

-

MATERIAL AND METHODS

Bacterial Strain
S mutans secatype d straift (B 13) isolated from
human dental plaque by Ednardsort (1968)

Growt Media

Two growth media Were used 2 tomplex proteose
peptone medum {Linder & Mord 1971) supplemented
with 1% ghucose and a chermically-defined minstmal
medium (C 4) specially devetoped for growth of §
mutans (Carlsson 1970 1971}

Cultnvatom Technigue
Surred fermentors with working volumes of 101
were used (Biotec FL 101 Biotee Stockholm Sweden)

culiures n each medium wese studied The € 4 medium
cultures were grown under anaerobic conditons The
culuvatons were run for 2470 hours and 6-12 samples
were taken from each culture

Preparation of Inocula

The mocula were prepared from overmight cultures
grown under swauc condions i bottles contaning
broteose peptone medium The bacteria were washed
once n phosphate buffered sahine (PBS lacking Mg+ *
and Ca* ~ pH 72} resuspended in fresh medwm
appropriate to the expeniment and then added to the
fermentor ta an wwal dry werght of 0 2 mgfm}

Determunaon of Bacterial Grow th

A 10 mt amount was taken from the cultures al
tntenals centnfuged a1 4 000 x g for 15 myp a1 49 C
washed once 1n 0 0 VM phosphate buffer p}{ 70 and
dned a1 110° € for 13 h before weighing Al weights
were cortected fof the weight of the buffer salts

Efectran Microscopic Procedures

Samples were taken at the same intervals as for
deternunation of bacternal grosth {ef Berrhrtd 4
Berthold 1978) The treatment of the bacterial specimens
differed according 1o the embedding medium  used
\:s;:ml » ((RI/?V & Kellenborger 1958) or Eglycol
methacrylate (GMA  Rosenterg et al 1960
Bernhard 1987y beuc ¢

bestopal embedding The plutaralden,

yde used for

fixauon was prepared fooms a 25% stk soluuon
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Abbreviations used 18 micrographs and Tegends Cpl =
sottan pellet iken bodies Cw = celh wall Cwl = cell
walt fragment EM = electron micrograph Hmp =
horseradish peroxidase reaction product M meso
sone N = nuclear region and Or = outet rim of celt
wall Astensks indicate notches i the H rp localized at
the stte of a cross wall formation

All EMs show glutaraldehyde Tived bactena belonging to
S murans serotype d sham B 13 All sections were
contrasted wuh Uranyl acetate and lead curae Uniess
otherwise ndicated the bar i the bpper part of eath
ligure indicates © 2 pm

Fig 1 Exponenual phase Proleose peptone medium
Vestopal embedding The bacteria appear 10 be weil
prestrved and tontamn mumeroys nbosomes The cell
wall copsists of 180 parts an inper highly electron
dense tayer and an outer thicker Jess electron-opaque
tayer with an obter rim of increased electron density and
a ofuzzy coate Closely apposed bactena show tiny
fiorillar weérconnections (arrow) The dividing bacteria
disclose cell wall bands {enciccled) > 50 000

Fg ' Same sample as shown 1 Fg 1 GMA
embedding  The appearance of the taciena 15 vimylar to
hat e Fig | Note the GMA dependent patchwise loss
of comnection between ihe cyloplasm and the celh wall
and the empty looking defects m the cytoplasm The
cvioplasm contAns numerous nibosomes % 50 600

#w 3 Exponemtual phase Proteose peplone medum
GMA embeddmg The specimen %as immunoperosidase
section stained using ant § mutdns Sobrinus serura Al
bacteria are surrounded by a characterisuc  highly
electson dense thick coat of Hrp which at some sues
show notches {asterssks) Note wunslained« cross wafls
larrow) x 20 000

Fg 4 Same specimen as in Fig 3 The specimen was
mmunoperotidase section stamed using normal rabbrt
serum Note the complete lack of Hrp Compare wih
Fig 3 %20000

Fig 5 Staponary phase (16 hours after exponenisa)
growth] Proteose peptone medfom Vestopal embed

dng The spectmen contins both mnormal looking «
dacteria larrow compare with Fig 1) more ar less
disorganized bactenia and several cell wall fragments
The disorgamzed bacterta show 2 granular cytoplasm of
varying ¢fectron density wiich give the bacteria a pied
appesrance The cytoplasm coniains dense bodies of
™Dy ifferent shapes The highly electron dense charac
ter of the inner layer of the cell wall found mn the »nor
matlookingn bacteria 15 more or less jost m the
disorganized ones (double arron) x 50 00

Fig 6 Same sampleas 1n Fig S G\A-embedding The
#pecimen W2y iMmunoperokdase Section stasned ysing
A0S eutans sobrinus serum  Seveeal baciera are
surrounded by 2 thick, highly ejecteonsdense Hrp
whereas others disclose a patchw sse Aistribution of the
H 1D Some bacteria with a morphology strada to (olly

stained members of the cutture facked H rp Gndicated by
white rings) X 20 000

Inset — from the same section as 16 Fig § ~ showing
celt wall fragments on which a heavy Hsp has
deseloped % 16 000

MATERIAL AND METHODS

Bactenal Strasa
S rmurans serotype d stramn (B 13) wolated from
human dental plague by £dwardson (1968)

Growt Media

Two growth media were used a compley proteose
peptone medwm (Linder & Ard 1971) supplemented
with 1% glocse and 3 chemnically-defined mimimat
medam (C 4} specially derelaped for geowth of §
mutans {Carisson 1970 1971}

Culimnauon Yethmaue

Surred fermentors with working volumes of 10 )
were used {Biotec FL 10! Bionee Stockholm Swedend
The pH was kept constant at 7 0 by automatic addsuon of
TN NaOH (LP 100 3) The terperature was 33 C and
the 1mpeller speed 200 revimin {Bioter 309) Two
cultures n each medism were sudied The C 4 wediom
cultures were grown wunder anaerobic condiions The
cufavatons were vun for 2470 hours angd 6-12 samples
were taken from cach culture

Prepararn of fnorulo

The snocula were prepared from overmght cultures
growa under stauc condions an bowles contaiming
proteose-peptone medium  The bactera were washed
once tn phosphate buffered saline (PBS latking M2 *
and Ca*~ pfl 72) resuspended 10 fresh medium
appropriate o the experiment and then added to the
fermentor to an imitial dry weight of 0 2 mg/m)

Dtermunaron of Bactersal Grow th

A 10 ml amount was taken. fram tha auls e, 2
wtervals centriluged at 4 000 x g for 15 min 2t 4° C
washed once 1 001 M phosphate buffer pH 70 ang
dried 2t 110° € for 18 b before weighing All wesghts
were corected for the weight of the bufler salts

Etectron Microscopie Frocedures
Samples were 1aken at the same mtervals Js for
determmation Of bacterial growth (of  Benhold &
Berihofd \978) The yreatment of the bacterjal specimens
differed acoarding 1o the embedding medium used
Vts;lwpall\\ lg{’” & Aellenbirger 1958) of glycol
methacrylate (GMA  Rosenberg er ot 19,
Bernhard 1967) 60 Leduc &
Festopal embedding The glutaraldehyde used for
fixaton Was prepared from 2 25% stock sofution
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Abbreviations used th micrographs and legends Cpl =
otton pellet liken bodies Cw = cell wall Cwf = cell
wall fragment EM = elettiron merograph Hrp
horseradish peroxsdase reacuon product M = mesd
some N = nucleaf regton and Or  outer run af cell
wall Astenssks 1odicate agtehes wn the H rp localized at
the site of a cross wall formation

All EMs show glutaraldehyde fixed bacteria ‘belenging to
§ mutans serotyee d stran B 13 All sections were
conttasted walh uranyl acefate and lead citrate Unless
atherwase indicated the bar m the upper part of each
figure wndscates 0 2 pm

Fig # Exponenual phase Proteose peplone medwm
\estopal embedding The bacteria appear to be well
preserved and comam Tumerous nbosomes The cell
wall consists of two parts an yner highly electron
dense ayer and an outer tncker fess electron-opague
faver with an outer nim of increased electron densiy and
a >furzy coate Closely apposed bactema show oy
fibnllar tnterconnections (arrow) The dividing bacteria
duelose cell wall bands fencircied) » 50 000

4ie 2 Same sample as shown i Fiz 1 GMA
embedding The appearance of the bacieria ss simlar to
that 1a Fig | Nutg the G4 -dependent patchwise loss.
of connection between the cytoplasm and the cel] wall
and 1he empty fooking defects 1n the cytoplasm The
\vioplasm contains numerobs ribosomes  x 50 000

staned members of the eulture lacked # rp{indicated by
whyte rings) % 20000

Ynset ~ from the same section as n Fig 6 ~ showing
cefl wall fragments on which a heavy Hrp has
developed X 16 DO

MATERIAL AND METHODS

Bacteraal Stran
S mutans serotype d stram (B 13) ssoiated from
human demal plague by Edwardson \196%)

Growi Meda

Two growth media were used 2 complex protec<e
peptone medium {Linder & Aord 1971) supplemented
with 1% glicose and & chemuwally defined mmmal
medium {C &) specialy developed for growth of §
mautans (Carlssan 1970 1970)

Cultnaton Techmqte

Surred fermentors with werking volumes of 10 1
were used (Biotec FL 101 Biotec, Stockholm Sweden)
The pH was kept consuant at 7 0 by automattc addtton of
2 N NaOH (LP 100 3) The temperature was 37°C and
the impelter speed 200 rev/min (Biotec 300) Two
cultures 1 each mediym were studied The C 4 medsum
cuftures were grown under Znactobtc Conditions The

Fig 1 pl pep| medum
GMA-embedding The specsmen was immunopetoyidase
section Stained ustng ant S mrrans sobries serum Al
bactersa are surrounded by 2 characteristic  highly
efeciron densg thick coat of Hrp which at some sites
show nowhes (asterisks) Note »enstained « gross walls
tarrow) % 20 000

Fig 4 Same specimen as iR Fig 3 The specimen was,
tmmunoperonidase section Staned using noymal rabby
serum Note the complete lack of Hrp Compare with
Fig 1 x20000

Fig 5 Smuonary phase (16 hours after exponential
£ronth) Protcose peplone medium  Vestopa) embed

dng The specimen contans both » normal looksnge
acteria tarrow  compare with Fig 1) more or Jess
disorganized bacteria and seseral cefl wall fragments
Ve fusorganszed actera show a granular cytoplasm of
»arpiag clecron density which e the bactera a pled
sppearance The cytoplasm contams dense bodies of
ity dhfferent shapes The highly electron-dense charac

ter of the anner fayer OF the cetl wall Tound 1n the vnor

mal lookinge bagterr2 s more or fess fost in the
Assorganized ones (double atrow) < 30 00D

g 6 Samesampleas mFig § GMA-embedding The
SPECIMen was tmmunoperoxidase secuon stased using
S muans sobrinus Setum Several bacler are
surrounded by 2 thick hsghly electrondense H rp
hhereas others disclose a patchwise hietnbunon of the
W 1p Some bacteria with a marhatasw smiar 1o fully

were run for 24-70 hours and 6~12 samples
were taken from each culture

Preparation of tnocyla

The inocula were preyared [rom overmeght cultuces
grown onder statw, conditions In bottles comamung
proteose peplone mediuny  The bacteria were washed
ance 1 phosphate buffered saline {PBS lacking Mg * *
and Ca** pH 72) resuspended 1w fresh medium
appropnate to the experiment and then added Jo fhe
fermentor to an Inwal dry wetght of 0 2 mg/mt

Determmnation of Bagterial Grow th

A 18 el mdunt has 2ken from the culuees at
tnteevals centnifuged at 4000 x g for 15 min 2 40 C
washed once m 001 M ghosphate buffer gt 70 agA
ried 32 120° € for 18§ before wewhing All weights
were corrected for the weight of the bhulfer sl

Electron Microscapie Pracedures
Samples were tken at the same intervals zs for
deermmation of bacteral prowth (f Rerhort &
Berthold 1978] The treatment of the bactenal specimen,
differed actording 10 the embedding Thedmm nseds
\:s‘(;ypal‘\\ ‘(gw\;er & Kellonperger \358) or ghyoot
methacrytate R
A A Rosenbery et at 1960 Ledue &
Sestopat embedding The

futar
fianon was prevared from 5 25t e S 7

2 25% siock solutioy

~y



punified by shaking wih acine carbon (Falume &

fig 7 Exponenual phase C 4 medium \eilopal

Drochinans 1965) and mna buffer
(Rarlsson & Schulr~ 1965) with an osmolanty of 300

bedding The bacterta are similar to those obtyyped
from the proteose peptone medium  except for qhe

mOsM and pH of 72-74 10 a final of
25% The specimens were fixed for 4 hours rinsed in
the buffer overmight and postfixed n 2% OsO4 1n
veronal acetate buffer 300 mOs\ pH 72-74 for |
hour All procedures were carned out at 40 C
Dehydraton was performed 1n a graded series of acetone
with a subsequent infiltraton of Vestopal W and
polymenization at 45° C for 24 hours and at 60° C for
48 hours
GMA embudding The specimens were fived 1 2 §%
Id dissolved 1n bulfer (see above)
for | hour at 4° C ninsed in the bufler overmight
stepwise nfiltration with GMA and poly merized at 4¢ C
for 24 hours under ultraviolet hight &f Berthold &
Berthotd 1978)

Scctionmng  Sectioning was performed on an LhB
4800 Ultrotome (LKB Bromma Sweden) equipped with
a glass hmfe Sections from the V estopal specimens were
prched up on one hole formvar carbon coated copper
grids and contrasted with bath uranyl acetate and lead
citrate {(Brody 1959 and Reynolds 1963) Secuons from
the GMA spectmens were picked up on one hole
formvar carbon coated plaunum grids and submitted to
immunohistochemistry  Some sections were osmificd
with 2% OsOs 1 veronal acetate buffer and double
contrasted with uranyl and lead (Brody 1959 and
Ravnolds 1963)

Inpmunolustochemeal stang The GMA  sections
were stained according to a previously described indirect
immunoperoxidase method using a defined anu $
mutans sobrinus y globulin for the first incubation

Y electran lucent spots #COUOY pof
let like« bodtes Mesosomes are common % 80 Oyg

Fig 8 Same sample as n Fig 7 GMA embedgne
Disruptions between the celf wall and the <ytoplasn, are
common The morphology of the GMA-embugyed
bacteria are in all other aspects similar to the Vestopat
embedded ones {cf Fig 7) x 80000

Fig 9 Exponenual phase C 4 medium Gygy

b The sp was seu
ton stained using ant S mutans sobrinus serum gy
bactenia are surrounded by a thick highly electron Quqe
coat of Hrp Notches are indicated by astery),
Compare with Fig 3 x 20000

Fig 10 Stationary phase (24 hours after exponepys]
growth) C 4 medwm GMA embedding The specypen
was immunoperoudase seclion stamned using any §
mulans sobrinus serum  Several bacteria are covgred
with the highly charactenstec electron dense coat of iy rp
whereas others more or less lack H rp (indicated by hygcl,
arcles) x 20 000

Fig 11 Stauonary phase (16 hours alter exponenyal
growth) C 4 medium GMA embedding The specimen
was immunoperoxidase section stained using any §
mutans sobrinus serum The picture shows part of a
section where the )mmunoreaction was negauve pnd
where no H rp had developed Note the many baciria
with a disorganized appearance (cf Legend to Fig §)
x 7500

Berthold & Berthotd 1978)  The were
examuned 1n a Philips EM 300 or 301 operated at 80 AV

Cornttrals

GMA secuons ncubated 1n PBS only or submitted to
a first Incubalion with normal ravbit y globuha tc1”
Berthold & Berthold 1978) were used as controls

Chemeals

All chemicals were of analytical grade
otherw ise stated Proteose peptone growth medium was
obtained from Difco (Detrot Mich  USA} The
constrtuents for the buffers acetone 3 3 diaminobenzi
dine tetrahydrochloride and uranyl acetate were obtatned
from Merck (Darmstadt Germany) The lead mitrate and
sodium citrate were obtained from Hophin & Wilhams
(Chadwelt Heath England) Stock solutions of glutaral
dehyde were obtatned from Union Carbide Co {Chicago
1 USA) The osmwum tetroxide was obtamed from
Inra Automauon AB (Stockholm Sweden) Vestopal
W was obtamed from Mme Marun Jaeger (Zurich
Switzerland) and GMA  from Polyscience Inc
(Warrington Pa USA) Normal sheep serum  sheep
antirabbit 1gG and normal rabbit y globulin were
obtaned from the Nauonal Bacterrological Laboratory
(Solna Sweden) and horseradish peroxidase {type ¥V1)
and lysine from Sigma Chemical Corp (St Louis Mo

USA)

unless

RESULTS

Cultination m a Complex Proteose peptont
Meduun

Samples removed from tie lag phase the ey
nential phase and the stationan phasc (4 hours afyr
exponennal growth) The general electron microsgy
pical o bedded and GM A
embedded samples was roughly simular (Figs 1 and
2) The bacterial cell wall was 2530 nm thiek {t
consisted of two layers of homogeneous appearance
(1) an outer moderataly electrondense layer abgut
15 nm thuck and covered by a serrated high-densy
7im 2-3 nm thick and (2) an nner highly electron
dense layer 7-10 nm thick Some bacteria disclosed
wall bands (cf Higgins & Shockman 1971) The
bacterial cytoplasma was separated from the sy
rounding cell wall by an electron Jucent space 2.7
nm thick It was not posstble to determine in the
electron mucrographs whether a plasma membrape
divided the cytoplasm [rom the dense ianer part gf
the cell wall f Swanson e al 1969) The
cytoplasm contained mesosom
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mes (Figs | and 2) and a central nuclear region
(Glauert 1962) In the GMA embedded specimens
the electron lucent space between cell wall and
cytoplasm was unstable The cytoplasm of several
bactenia seemed to have pulled away from the cell
wall feaving irregularly shaped holes or »empty«
spaces 1n between (Fig 2) The occurrence of these
defects seemed to depend on the batch of GMA
prepolymers used All samples contatned many
dividing cells as well as some disorgantzed ones

Irrespective of the growth phase immunoperox:
dase section stamng (GMA-embedded samples)
gave the same highly characienstic prcture (Fig 3)
of bactersa surrounded by a thick highly electron
dense layer {70-250 nm) of HPR reaction product
(cf Berthold & Berthold 1978) which obscured the
cell wall and 1ts immediate surroundimgs The layer
was notched or completely missing at those pornts
where cross walls 1n different stages of development
were seen Many complete cross walls appeared
unstained whereas some carrted a distinet fayer of
the reaction product

Samples removed 16 24 48 and 64 hours after
«xponential growth Although normal looking bac
tena were observed i all samples the number of
more or less disorganized bacteria and cell frag
ments seemed (0 increase with the age of the culture
{Fig 5} Many bacteria had jost the high electron
density of the inner cell wall layer and showed
mcreased width of the subjacent empty space which
1n several cases was divided from the cytoplasm by
a double contoured cell membrane like structure

Immunoperoxidase staining gave rise to a reac
tion product distributed on top of the bactersal ceff
wall the amount and distribution of which ran the
whole gamut from a thick continuous layer over a
comparatively thin and discontinuous rim to a few
electron-dense specks (Fig 6) Many bacteria Which
were free of reaction product were aiso observed
More or less intensvely stained cell wall fragments
were common (Fig 6 1nset)

Cultnation i a Munmal Medwum (Mcduon C 4)
Samples remored from the lag phase the expo
nential phase and the stationary phase (¥ hours after
exponcnnial gron th) The general electron microsco
pical appearance of the samples was roughly
similar  arrespective of the embedding medum
(Figs 7 and 8) In contrast to bactena grown n the
proteose peptone medium those m the C 4 cultures
showed a large number of diffusely demarcated
globular cytoplasmic bodies of low electron density
These bodies heremnafter designated otton pellet
like « bodies were paruicularly distnct after Vesto

pal embedding
As judged qualttatively after immunohistechem:

cal staming (Fig 9) neither the amount nor the
distribution pattern of the HRP reaction product
dsffered from that observed on bacterra cutiyated 1n
the proteose peptone medium

Samples removed 16 24 and 48 hours after
exponential grow th »Cotton pellet Ithe« bodies were
not seen and the samples were stmilar both a5
regards general ultrastructure and immunohistoche
mucal stamming (Fig 10) to those removed from the
later stages of cultures grown on proteose peptone
The samples from one of the cultures showed Jarge
areas where all mucroorgamsms lacked reaction
product (Fig 11)

Immunolustochemical Controls
No reaction product developed after incubation in
control sera (Fig 4)

DISCUSSION

The present observations show that the efectron
microscopical appearance of S mutans serotype (B
13} 15 1n hne with that gnen earlter for viridans
streptococel (n general and S musans i particular
(Guggenhesm & Schroeder 1967 Natbandian ¢ o)
1974 Holi & Leadbetter 1976} However
contrast to the distinct appearance of the bactaniah
plasma membrane after primary Os0y fixation
(Holt & Leadbetter 1976) the plasma membrane of
mtact glutaraldehyde fixed S murans serotype ¢ {8
13) could not be rdentified This difference between
05Oy and glutaraldehyde fixed baclena has betn
discussed by Swanson er al (1969) These authors
were unable to recogmze the plasma membrane
glutaraldehyde fixed Lanceficld group A strepla
cocct and described the cell wall as consisting of an
inner highly electron dense layer and an ovier
moderatly electron dense layer It has been sugges
ted (Swans m & Gorschhich 1973) that thus wner
layer may be particularly rch in techoe acid
Conflicting wth ths 15 the opinion that texchoic acid
1s distrebuted throughout the celt wail (Meward &
Reareh 1974)

The occurrence of »cotton peltet ke  bodies m
bacteria grown n the mumma) medmm constivied
a clear morphological difference as compared with
bacteria grown in the proteose peptone medipm In
view of earher observauons (Cedergren & Holme
1959 du Pursw <t af 1974) and the fact that §
mutans growng under nutnent deficiency or i an
acrdic environment stores polysaccharides nracel
fufarly Gan Houtc & Savion 1971 Matings et a!
1976 1977) 1t ts Likely that the »cofton pellet Tike ¢
bodies represent storage granules which are consu
med when the growih conditions detenjorate
{Gibbons & Socransky 1962) These vanations in the



general ultrastructural appearance of bacten be
longmg to the same sitam ot grown under
dulferent conditions strongly SUPPOrL At SieH Pt
forward by 1an Houte & Saxton {1971) and others
regardng  the tmpossibility of xdenniym% n
situ growmg plague By A\

cultures C ly, dental plague

sms which after jmmunohistochemical staining
for the denufication of S mutans serotyde 4
bactena, show a moderate fo-weak positive reac
nop deseibed previously s a reaction product

geat critena alone
Immunchistochemical stuning 6f baclena T8

moved from the cultures during the iag phase, the
exponenual phase and several houss after the end of
the esponentsal phase showed bacteria with an
HRP reaction product comparable in se and
electron density 1o that deseribed earlier as being
wsefif for sdentification of plaque growing bactenia
Bercholy & Bertiofd {9780 The cross walls of
doading cells Were unstained Whereas cocar found
close together revealed cell walls pl covered

pattern of type B Berthold & Berthold
1978) may well represent S mufans serotype d
Tactena i 2 state of dechination
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Fig 1 Structure of the O antigenic polysaccharide chain 1n the lipopolysaccharide from § mew port serogroup C2, and
S kentucky, serogroup C3, according to Hellerquist et al (11) )
In S kentucky a 2-O-acetyl-p—glucose restdue 15 linked to p—galactose at the 4-position

Abb

used Abe, abeg Gie glucose
Gal, galactose, Man mannose
Rha rhamnose
n=4-16

and subsequent coupling to a proten should, at least
theoretically, provide immunogens able to elicat
monospecific antisera This was true also m practice
when antisera against syntheuc Salmonella O-
antigens 2, 4 and 9 coupled to bovine serum
alburmn (BSA) were used for identification of
Salmonella bacteria by indirect immunofluorescence
(IFL)} and by co-agglutination {COA) using sensiti-
zed protemn A contamning staphylococar (20-22)
The high specnﬁcny of such antisera was also

pathogenic enteric bacterta The Salmonella paranrh A
strains came from Professor L Le Minor International
Salmonella Centre, Pastenr Insutute, Pans France
Isolation and |dennﬁcauon of the bacteria were carned
out d: to doll @
Salmonella bactersa were 1solated on desoxycholate
atrate agar (Ovord CM 35) and on brithant green phenol
red agar after ennichment in Rappaport s broth
Staphlococcus aureus strain Cowan 1 known to
produce Jarge amounts of protein A was used for the
preparation of COA reagents The stram came from the
1 of Professor Tord Holme Department of

evident in passive t tve

n, enzy bent assay
(ELISA) and complement-mediated bactericidal
tests (1, 5, 12)

The structure of the repeating unit of the O-
antigenic polysaccharide chain 1n Salmonella sero-
group C2 and C31s shownn Fig 1 (11) The group-
specific determinant of these serogroups 18 O
antigen 8, which (analogous with O antigen 2 4

linked

Bacteriology Rarolinsha Institutet Stockholm Sweden

Lipopols soccharide Lipopol des
{LPS) from Salmonella newport (O anugen 6 8} §
thompson (O antigen 6 7) and S nphumurium stra
SH4809 (O antigend 5 12;7) were used for the enzyme-
hinked immunosorbent assay (ELISA) The LPS were
extracted by phenol water from batch grown bactena as
described elsew here (15)

S\nllmrc immunogen and immunization procedure
of the drsaochzndc p-natropheny! 3-04a

and 9) 1s probably g by the d. haride
abequose I3 rhamnose (11, 17 18) The
disaccharide has been syntk d (6) and linked to

bovine serum al {BSA) as an

carrier (via the synthesis of the phenylisothiocyanate
disaccharide glycoside) (19) This paper presents the
use of this synthetic disaccharide protemn conjugate
as immunogen 1n rabbuts for production of specific
08 antiserum The serum was further tested for
specificity in ELISA and used for 1dentfication of
Salmonella serogroup C2 (O antigen 6 8) and C3
{G antigen 8, 20) bacteria by ndirect smmurnofiuo-
rescence (IFL} and by co agglutination (COA) using
sensitized protein A-contaiming staphylococc:

MATERIALS AND METHODS

Bactenial strarns The enterobacterial strains used 1n this
myvestigation were obtained from the culture cotlectron at
the Department of Bacteriology National Bacteriologeal
Laboratory Stockholm Sweden or from fresh faecal

pY de with anugen
08 spec:fc:(y has been described previously (6) The
hapten was linked to BSA via the synthesis of the
phenylisothocyanate disacchartde glycoside {19) The
substitution of disacchande was 8 mol per mol BSA a3
estimated by sugar and protein analyses described
elsewhere (3 16} The disaccharide protein conjugale
will be referred to ta this imestigation as AR BSA
Immunization of rabbits with the synthetic immunogen
was performed as described previously (20 21) Three
New Zealand white rabbits weight 2 0-25 kg were
immunized five times at intervals of one month and <erd
were drawn about ten days after each immumzatron
Salmanella O factor serum 8 was prepared according t0
Aauffmann (13)

Kuzime-lnhed wmmunosorbent assay {ELISA) Thi
ELISA was performed essentially as described earhet
(2) Anusera acainst AR BSA were titrated and teste
against BSA and LPS from § new pors (O anuigen 6 8)
S thompson (0 anugen 6 7) and S h phimuriam straim
SH4809 (Oanugen 4 5 123) Sheep anu rabbi
immunoglobulin was punfied on insolubilized rabbit Ig
and d with alkaline by the addiuon

samples delivered to the laboratory for for

30



of glutardialdehyde Conjugated materi2l was separated

afier three myections (Fig 2A) The utre aganst

m d enzyme and by gel
filtration on Sepharose 6B (Pharmacia AR Uppsala
Sweden)

Immunofft arescence stud es The ndirect immunofTy
orescence method was used as described previously 0
The sheep anti rabbyt immunoglobulin conyugated with
fluorescemusothiocyanate molar F/P ravo 46 was
obta ned from the Depastment of Immunology Navonal
Bacteriological Laboratory Stockholm Sweden The
working tire of the conjueate was 1740 A lew
orthaplan flugrescence tctosoope wuth medent ight
and a mercury HBO-200 lamp as ight source was used
“The fluorescence reaction was graded from 1+ 104 + as
descnibed peeviously 4+ and 3+ indicaung posive
and 2+ and |+ negatve reactions (20)

Co ogglutination stud es (COA) The preparation of

Shp LPS was 10 Apamst S thompson
LPS no ttre above precmmunization level could be
registered  The corresponding values after five
immunizations were 107 agamst S newport LPS
105 agawnst BSA and {04 aganst S fyphusmurgem
LPS whereas no ttre was registered against
S thompson LPS (Fig 2B) The ELISA ttres of
conventional Salmonella factor 08 serum agamst
e dfferent antgens 2te shown . Fig 2C The
ttre was 2 hundred times lower agamst the
homologous S new port LPS as compared to the titre
of the antt AR BSA serum

Indirect Immunoftuorescence Studies Using Known
b Strains

the saphyk and their subseguent with
antt AR BSA serum was perfarmed as described previo
usty {22} Briefly the procedure was as follows
Stwphvococcus aureus stram Cowan 1 was grown

B N

neat treayment the washing procedure was repeated twice
and the bacteria were finally resuspended o 10% as
vefore 01 ml anuserum was added to 1 m) of e
prepared staphylococ: and allowed to react for three
O re 3t ranm am

o

The performance of the COA test was as described
previously 4221 & few bactenal colomes were mived
with COX reagent on # glass shde which was ocked
backwards and forw ards for one minute Agglunination
was registered as 2 + when dlearly visible by the naked

oveand as 1+ 1f 2 magmify g plass was needed for the
obserranon

RESULTS

Envme tinked Inmunos srbent Assay (ELISA)

The specificity of the rabbrt antt AR BSA serum
wsed 1 the YFL and COA studies was tested 1n
ELISA using 8SA and LPS from S new port @
anugen 6 8) S thompson (O antigen & 7 and
5 nphumuraum stratn SH480% (C-anngend 5 12,)
3 anligens Preimmungation sera wese tested as
Well a5 sera drann after three and five immuniza
tions The end pownt utre defined as the reciprocal
e dudason value which gave an sbsotbance of
01 at 400 nm/100 mn was 3 185 agasnst
5 newport LPS and 105 against BSA with sexum

Antsera agamst AR BSA from three sabbits
were trated i twofold dilutian steps and tested
against a § new port indicator Stram (O antigen 6 5)
The end point utre defined as the last diluuon
which gave a 34 reaction varted bewwesn 1/20
and 1/160 afier three immunizations The corre
sponding values after five immunzations were
1/2560-1/10 240 When the antisera were tested
agamst a S agona stram (O antigen | 4 12) po
fluorescence reaction could be seen at any ddunon
(serum tested 1n dilutions of 1/5 and upwards) Nor
did presmmunization sera or ants BSA sera gne any
flugrescence reacuon when tested with the same
diutions The last diluton which gave a 4+
reaction was chosen as the working didution 10 the
expenments reported heremafter  The working
diluon was usually two or three twofold steps
lower than the end pomt titre An antiserum
obtained after three smmunizations from the rabbnt
which gave the highest utre was used 10 the
follow ing expenments

The spearficity of the ant AR BSA serum was
tested aganst §74 known Salmonette strans
representing the serogroups most ustally 1solated
.»IUOKa‘nngenl 2 12) BOantgen1 4 5 12 C

= -
12)
9 - v Lo valiella umost of
the strains befonged 10 serogroup £2) gave a strong
fluorescence reaction with the anis AR BSA serusm
(Table 1) Ouly i three mnstances was the stalming
taction doubtfl bul whep these strams were
retested they all staumed 4+ When 113 bacteria
befonging 1o other Serogroups were tested no
fuorescence reactions occurred (Table [) The
westigation s performed without the yy, estiga
tors bewng aware of the stram or seratype used

When & conventional factor 08 Serum was used
for 1be YFL imvestigation the 62 serogroup C2 or
€3 bacterna also gave 4 strong fuorescence reaction
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Fig 2 Turaton of rabbit antt AR BSA serum and
Salmonella factor O8 serum against BSA (coating dne §
EOSINEE i~ ¢

LIRS

4 5 123 coaung dose | pg/ml) All sera were lestey
diluted 10 310 7 using tenfold dilutson steps

A Anti AR BSA serum after three immunizations
B Ant AR BSA serum after five immunizauons
C  Saimonella factor 08 serum

Antigens @ ® S ncwport
o O S thompsan
A DS plumurian
A A BSA

However 1/12 strains belonging to serogroup Cl
(O antigen 6 7) also stained (Table 1) The end
pornt titre of the factor O8 serum tested against the
indicator S newport strain (O antigen 6 8) was
moreover much lower viz 1/5 as compared to
that of the anti AR BSA serum [t should be
stressed however that the factor O8 scrum used
had been prepared for standard shde aggluunation
tests



TABLE 1 Indirect Smmunofluorescence (fFL) Studies of
Salmonefla Using Anti-AR-BSA and Factor O8 Sera

Indirect Immunofluorescence Studies Using Known
Non-Salmonella Enteric Bacterta

No postuve s IFL®

Satmonela No of

serogroup AR AR BSA  Factor 08
A 2 ] [}
©1 212

B 25 0 0
©1 4512

ci 12 0 1
0o N

c2-3 62 62 62
(06 8 8 20)

D 25 0 0
©1912)

E 25 0 0
©3 10 315

330319

Toual 174 62 63

4+ and 3+ reactions were scored as posiuve
Dilutions of anusera antt AR BSA 1740 factor 08
15

TABLE 2 fudwect Immunofiuorescence Studes of
Enterobacteria other than Salmenella Using Antt-AR-

-_—

BS4 serum
No of No posine

Genus/speares swams  niFL
- T
E ot 236 0
Shigella ) 0
Crirobacier 5 ¢
Alebsielta 42 0
Enicrobacicr 16 ¢
Serratia 4 [}
Proteus 67 0
Fseuttomonas 41 [
Alcaligcnes 4 0
Aeromonas 2 0
Aconetobacter \ [
Yersima enscrocoliirca 2 0
Yersima pseudopubircul sy 7 L]

bibeo choterue 5 0
Vibrisens fitudis 3 0

bsbet s parohacmots hows 2 )
Barteriides fragihs 50 1
—_—
Tout 502 1

+ Seoning of the fuorewcence reaction was a5 1n Table |

Strain scory

ed 35 FAUNE When reexamined

A further tigation was performed by tesung
502 non Salmonelfa bacterial stramns represeating
either other pathogemc enteric bacteria or the
normal flora 1n the gut All strams belongtag to
Enterobacteriaceae as well as all stramns of Pseudo-
monas Alcal: A A and
Vibrio were negative 1n the IFL test (Table 2}
However, one stran of Bacteroides fragilis belong
1ng 10 the subspecies thetatoraomicron stamned with
the ant1 AR-BSA serum, but the reaction was not
reproducible

TABLE 3 Indirect Immunoffuorescence Studies of
Suspect Satmonella Bacterial Colomes

Noof  No posiuve

Serogroup* strains wmIFLY

A ©t 2 1 [
I species.

B (014512 187 4
16 species

ct 0N 99 )
13 species

c2 (06 8 36 36
4 species.

c3 ©8 20 1 1
I species

DI (©1 9 12 2 0
6 species

El (03 10) 7 o
9 species

E2 (03 1%) 2 0
1 species

E4 (01 319 10 0
3 species

F(OID | o
1 spectes

Gi 01 13 2 2 0
I species

KO 9 o
1 species.

L ©w § o
2 spectes

M {028) 1 0
| species

0 (035 1 0
1 species.

P (038) 2 °
| species
o Salmonelta 65 0

—_— Y
Totat an 37

* Serogroup class
pres P dassificaon i according 10 Kauffmann

® Scoring of the Nuorescence reaction w asasin Table |



TABLE 4 Co agglutination {COA) Studes of Salmonella
Bactersa Using Staphy fococct Sensitr ed with Antt AR
BSA Serum

serogroup C2 and C3 bactena was proved by tesung
115 known Salmonelia bactena representing sero-
groups A E All 22 strans belonging to Salmonelis

p C2 ar C3 agglutmated stronely aed
within seconds with the anti AR BSA sensiizet
reagent (Table 4) No agglutination could be seen
when 93 bacteria representing other serogroups

An undduted antt AR BSA serum was used to
sensttize the staphylococt: in these experiments

DISCUSSION

The use of synthettc Salnonella O antigen determt
nants as haptens coupled to an immunogent
carnier protein for production of group specific
antisera has been shown previously to be a good
alternative to conventional immunization with
whole bacteria (20 21) In this study antiserum
agamnst the synthetic disaccharide abequose 133

we of most likely O antien

Salmonella No of No positive
Serogroup Strains 1 COA
A 20 0
©1 112 were tested
B 20 0
©1 4512
C1 13 0
{06 7)
C2-3 22 222
106 8 8 200
D 21 0
©1 912
K13 9 o
©3 10315
31341319
Totat i
o s z 3 coupled o BSA

2 Agglutination was clearly visible by the naked eye and
appeared withun seconds

Indirect Immunofluorescence Studies Using
Unhnown Enteric Bactersa from Faecal Samples
The anti AR BSA serum was subsequently used
far detection of Salmanela serogroup C2 or C3
bactera 1solated from faecal samples delivered to the
laboratory for exammnation for pathogenic enterse
bactenia Part of a suspect Saimoneffa colony was
taken from erther a desoxycholate citrate agar plate
or a brilant green phenol red agar plate and
suspended 1n a drop of PBS on a glass slide for
fl i) Part of the same
colony was also inoculated 1 test tubes for standard
biochemical reactions and on agar plates for
subsequent serological investigation 474 suspect
Salmonella colones were tested Of these 37 stawed
with the anu AR BSA serum (Table 3) Conventio
nal examination revealed that 36 of these stramns
belonged (o Salntonella serogroup C2 and one to
Satmonclla serogroup C3 bath serogroups shanng
the O antigen 8 All 372 stramns belonging to other
Sabmonellg serogroups Were pegative as were 65
strams whih were aot Salmonells Among the
non Salmenctla strans Frorcus species and E coli

dominated

Co aggluunation Studies
The applicability of the COA method mtroduced

vy Kromall (14) for groupmng of Saimonclla

was used for detecton of
Salmonella serogroup C2 and C3 bactena by IFL
and COA

The specificity was evident m IFL m tha alt 99
serogroup C2 and €3 bactera among 1150 emterc
bacteria tested stamed brilliantly with the antt AR
BSA serum (Table 1 3} No posine reactions
occusred among 484 Salnonella bacterra belonang
to other serogroups Among 567 non Salmonella
enteric bacteria only one posive reaction covld be
seen 1€ one Bacteroides fragilis ssp thetawta m
cron stained with the anti AR BSA serum (Table 2)
The reason for this remamns unknown and the
reaction could not be repraduced

The anti AR BSA serum end posmt tutres in IFL
varied between 1/2560-1/10 230 after five smmy
nizations Thus the antt AR BSA serum consump
hion 15 Jow and as 2 consequence ughly economic
The end point ttre of a conventional Salmonclla
factor O8 serum was much fower vz (/5
Morepver 1712 Salmonella serogroup Cl strams
(O antigen 6 7) gave a fluorescence reactian with
the factor O8 serum (Table 1) The reason for this 15
probably the difficulty n absortung  the »06
antibodies completely when prepanng factor 08
serum

The specificity seen 1n IFL 1s a consequence of the
spectficity of the anui AR BSA serum ELISA
titrations revealed that the bitre agamst the S new
port LPS antigen was approumately a thousand
times ltugher than the tire azainst the
S nphimurnon LPS anugen (Fig 2A B) Compan
son with the S 1 plumurtum LPS antigen confirms
the specificity The only difference between the 08
and 04 antigens s that 1n the former abequose 18



a1 3 linked to t thamnose (which 15 6 deoty L
nannose) whereas 1n the later s al 3 linked to
»rannose The antt AR BSA ture 1n ELISA was
Uiso approvimately 3 ‘hundred umes mgher than the
oaventional factor O8 serum ttre (Fig 2B C)

Also in the COA test the antt AR BSA serum
was shown fo be speafic 2nd useful All 22
Salmonella C2 and C3 bactera tested agglutinated
strongly and within Seconds with the antt AR BSA
sensttized reagent No positive reactions could be
seen when 93 bactena belonging to ather Salmo
nedla serogroups were tested (Table 4)

The high speaificny of the ants AR BSA serumiss
probably a direct consequence of the » taitor madex
immunogen which lacks the multitude of anugenic
determinants involved when whole bacteria are used
as Moreorver proten
conjugates mostly give mise to IgG antibodies as
compared to 1gM antibodies elicited preferably with
whole bactenia

o

o
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ELECTRON MICROSCOPICAL STUDY OF ANTIBODY
BINDING TO MYCOPLASMA GALLISEPTICUM
INDIRECT IMMUNOFERRITIN LABELLING

O VINTHER and E A FREUNDT

Insutute of Medical Microbiology Bartholin Building University of Aarhus DK 8000 Aarhus C
enmar]

Vmther O & Freundt E A Electron microscopical study of anubody binding to M coplasma
gall sepucurn Indicect immunofernun labelling Acta path mucrobiol scand Sect B 87 3744 1979

The ultrastructural aspects of the mteracuon of My coplasma gallisepticum with specific rabbit anubody
have been swdied In parucular fixauon conditions which aflow the simultaneous preservation of
cetlular fine structure and membrane anuigenicity have been eswblished and applied 17 a procedure of
indirect labelling of the d orgamisms with ferriun corjugated sheep ant
rabbit 186G The advaniages of working wuh agar embedded organisms i a mulustep labelling
procedure are discussed [n membrane fractions of M gallisepucumt prepared by osmolysis and freeze
tawing only sealed membranes retained their anubody binding capacity Electron microscopical
evamnation of break through colomes from immune growth mhibiuon zones revealed that the
majornty of cells mn hese colomes were destroyed someumes hmited only by a single layered
membrane and without extracellutar anubody ¢oat An exception from s was the presumedly young
cells 1n the periphery of colomes and 1 microcolonies which appeared to be itact and had a heavy
antibody layer surrounding the cells Based on these charactenstics a possible sequence of events 15

suggested eventually leading © destrucuon of mycoplasma orgamisms w imrnune growth hibiion
zones

Rey words V) coplasma gallisepticum ulirastructure indirect immunoferniun labelling membrane antt
genxity wmmupe growth inhibiion

O Vinther Insutute of Medical Microbiology Bartholin Buitding University of Aarhus DK 8000 Aarhus
C Denmark

Accepied as submutted 24 vin 78

The reactions of mycoplasma towatds homoto
gous anubodies differ 1n some respects from the
reactions of other prokaryotes as demonstrated by
the miubion of growth on sobd medm of
mycoplasmas exposed 0 specific antibodies (9) and
by the inhibiion of metabolism observed 1 Lquid
media (13) The possession of a triple layered

between and b delt

muted prokaryotes The mam purpose of the present

wnvestuganon therefore has been to determne

conditions suitable for ultrastructural study of the
between b

and pl
cells and by an indirect
lateling method  with pasicviar emphasis on

fixauon problems

cytoplasmuc membrane a5 the only boundary of the
mycoplasmas probably accounts i some way for
heir paricipaton 1n these peculiar serological
reacions

The mechanisms of the growth mnhibuon and
metabohsm inhibition reactions are largely unk
nown asare also the submicroscopical detads of the

In addition some electron
microscopscal results are presented which relate
directly (o the growth mhubsson test.

MATERIALS AND METHODS
Organsms M gallsept cum (PG 31) w
2s used thy
Bout s ivestgauon For wse 1 ey
labelling experiments the OTEaniSm was grown on solid






Fig | Mheoplasma gallisepticum £l n agar growan
calouy treated with specific antbody afier prefitation 1
Q3% glutaraldehyde The cell shows & well preserved
cytoplasmic content including one targe thuster of
cibosomes The exteror side of the ofll membrane 15
covered with a umform layer of antbody motecules
about 15 am thick Section post stained wih magnestm
yranyl acetate and Jead curate x 81000 The bar on thus
snd all following micrographs represents 100 nm

Fg 2 Cell nottreaed with snubody An extramembra
rieous 1ayeT 18 DOt preset but thete are 3 few floceules of
fatenal adheniag o the membrane Post stamed with
magesiim uranyl acetate and lead curate x 81000

Fig 3 Celis snrubated weih specifi. aruserum and ihe
{ernun label follow g prefixauon with 0 3% glutaralde
nyde Cells are sructurally sell preserved and are coased
with a umform layer of antbody decorated with
sppatesily randomly scattered fzrrun parucles Secuion
unstaned  x 8100(

F g 4 Expersmental conditions &8 1n Fig 3 except that
prefitation was carried out with (% glutaraldehyde
Both targe cells with lnde cytoplasm and smaller cells
with dense cytoplasm are covered with anubady and
ferntm One uny cell also lapelled 15 seen farthest 1o the
nght Section unstamed X 63000

Fig 5 Cell treated with specific anhbody and ferritmn
label after prefixation with 3% gluaraldebyde The cell
structure 15 well preserved but a uniform anubody layer
corenng the kell membrane 1s not observed Instead 2
very thin layer and some floccules of materia) containing

attached ferrinn particles can be seen Section unstamed
~ 61500

Fre 6 Cell wncuhated with speaific anubody and ferria.
{abel prior ta any fixation The cell content seems to be
shrunken whereas the membrane appears to be 1atact
and covered With extramembraneous matérial and
ferrian particles Fernun particles in (ke wtenior of the
cell are not observed Section unstamed  x 72000

Fg 7 Cel moubared woh prevmmone serum and
ferrmun fabel after prefivaton with 0 3% glutaraldehyde
A uniforem estramembraneaus fayer ts not present buy
some fiocctles of material contming attached fereitin

panicles can be seen close 10 the membrane Section
unstaimed  x 63000

Fig g 0

fertn

Labetter .
tiffer § .

unstaines wauyu

{::g 9 Unsealed membrane of 3 golliserncum drevared

e Wyl
luted Unly afew ferntn particles gre seers near the

membrane Section stained with lead citrate X 90000

B medium (10) contanung heat mactvated 156°C 45
rmun) horse serum Plates were incubated a 33°C for 34
days wih an wmoculum sufficient 1o give father heavy
growth coaststing of 2 mixture of farge colomes { ~ 1 00—
200 pm) and small colomes {<S0 pm) For the
of antigen and p of

Tembrane fiachions M galhisepcunt was geowo w
ahiquots of hquid B medsum fo yields of about 103 CFU/
=l

fmmun aten pricedure Rabbit hypertmmune serum
agasastgelly o0 AL gallisep! cin Was produced essennally
as described by Black (2} Blood samples were taken
before immunzatson and five days after (he fast mjection
of antigen and the serum was stored at —20°C Ope
bateh of immune serum and of premmune s¢rum both
heat nactivated and absorbed with the growth medium
(3before use were applied throughout The sera showed
hugh tiures and not detectable titres  respectively when
tested against the homologous antigen by the prowth
mhibition (21 and metabolism inhivition 119) methods

Indirect immunoferriun labdiing Two layer immuno
ferniun labelling of mycoplasma cells tn agar grown
colomes was carred out both on unfited coloties and on
cotomes prefived v suw Wi varymg concentranons of
glutataldehyde m Veronal acetate bufler contaimng D 01
MGy g 61 (VA bulfer) (20V as described
previously (22) The concentrations of glutaraldehyde
tested were @ 3 1and 3 percent After fixauon colomes
ta be examsned were covered With one or two drops of
warm {(45°C) 1 per cent Noble agar (Difco}in V A buffer
and after soltification smal) agar blocks (1 x } x 4
mm?) generally contaming one farge colony and 3~4
small colories were cut out The thickness of the agar
overlay measured on sectons in the electron mucro
scope varied between O 1 mm and 025 mm  Afier 2
briel washung first 1n YA buffer then 12 01 M tris
buffer pH 74 the colony-contaiming blocks were
sncubated with rabbit ant mycoplasma serum dituted
148 sn tris buffes for § ¥ h at room temperature the
blocks being agiated gently durmg the whole incybation
tme To remove unbound anubody the blocks were
subsequently rinsed 1hree tumes for 15 mim by agitation
n tns buffer Tncubauon with the second step reagent
fernn Tabelled goat anti rabbst 1eG diluted s tris
buffer took place for 2% h at room semperature as
described for incubation with the first Step réagent
Remosal of unbound label was accomplished by a briel
wasting in 1S bufler follow ed by cvernight washing of
the plocks 1n this buffer a1 4°C and a final washiag 1n
VA buffer for 19 a whese sueps ‘being carred out by
agiation Finally blocks were processed for efectron
TMUCTOSCOpy as destribed below

The fome 1

Al vorjugate was purified by
2gar0se gel chtomatageaphy (1§) moswored by 310 m:;

1q



absorption and used 1 the dilution emerging from the
column

Control experiments were carried out in Which
premmune serum or tns buffer was substituted for
rabbyt immune serum 1n the first step using the same
dilutions of preimmune serum as m the actual exXpen
ments

exy nts A washed susp, of Af

the tmmunological ferritin label or to remove unbound
mycoplasma antibody

RESULTS

Indirect ummunoferrinn labellng Thin sectioned
cells of M gallisepircum from agar grown colomes
bated with specific rabbit ant mycoplasma

galitsepticum cells 1 tns buffer about (g9
cells was spun down at 27 000 g for 40 mm and the
resulting pellet resuspended m 5 ml distlled water
Breaking of cells was 2ccomplished by incubation of this
suspension at 37°C for 30 mun followed by ten cycles of
alternate freezing at —70°C and thawing at room
temperature After washing 1n 0 15 M NaCl membrages
were collected by centrifugauon at 37 000 g for 40 yyq
and prefixed by 1n 0 3 per cent glutara)
hyde i VA buffer for one hour at room temperatyre
The suspension of fixed membranes was subsequently
distributed over the surface of a standard petrt dish
contaming B medwm agar The suspending buffer was
allowed to drain 1nto the agar and membranes on the
agar surface were covered with a thin layer of melted
agar After solidification smalf agar blocks were cut gut
and to indirect ferritin labelling as
described eariter The rabbit antiserum (agamnst whole
cells) was used 1 dilytons 1 100 or 1200 and the
comjugate 1n the dilution | 60 Parallel contro! expep
ments were carried out 1n which preimmune serum or
inis buffer was substituted for rabbut immune serum
Electron nucroscopy  Agar blocks contaiming fernun
labelled my or Wwere
fixed for one hour at room temperature 1n 3 per cent
glutaraldehyde 1n VA buffer to improve preservation of
fine structure and also to secure firm binding of the labe|
duning subsequent treatments These included fixation jn
1 per cent OsOy4 fixative {14) for 4 hours followed by
dehydration 1n acetone water mixtures and embedding 1n
Vestopal W Sections were obtaimed with an LRB
Ultrome 11 microtome and were evammed either
unstamed or after section staining with lead cutrate alone
of lead citrate and magnestum uranyl acetate 1n a JEQL
JEM 100B electron microscope
Growth ubition expcriments To study the ultry
structure of Af gallisepucum cells 1 break through
colonies within growth inhibition zones petr1 dishes
containing solid B medium were equipped with a centragl
well which was filled with 15 ¢l immune or preimmune
serum diluted 110 Serum was allowed to diffuse
radsally for three days at 4°C after which the plates were
1naculated evenly with 0 5 ml of a liquid culture of the
organisms contmning 5 x 107 CFU/ml After incubation
for 4-5 days at 37°C growth inhibiion zones With
diameters of about 30 mm had developed on the tmmune
serum plates whereas the preimmune plates showed
umform growth However a small number of colonies
were observed within the growth inhibition zones and of
these colonies not farther away from the central wef
than § mm were chosen for examination by electron
using the prep methods already
deseribed No attempts were made to fabel the cefls with

40

antiserum after prefixation with 03 per cent
glutaraldehyde are shown in Fig 1 The ultrastruc
ture of the cells was well presened and the
geometrical nbosome condensations characteristic
of M gallisepticum (8) were evident as well as the
»bleb « structures (17) on properly orentated celis
In addtson these cells were coated with an
amorphous weakly contrasted 10-20 nm thich
layer covering the cell membranes umformly On
untreated cells only an extremely thin membrane
coat 1f any was observed together with a small
amount of flocculent matenal adherng to the
membranes (Fig 2)

Cells treated with specific antibody after prefixa
tion with 0 3 per cent or | per cent glutarafdehyde
and subsequently incubated with ferriun labelled
goat antirabbit IgG also showed a untform
extramembraneous layer about 15 nm thich besides
the small electron dense particles Wentfyng fersn
(Figs 3 and 4) In contrast cells incubated with
spectfic antibody and the ferntin label after prefixa
tion 1n 3 per cent glutaraldehyde consistently
exhibited only a very thin layer with some floccules
of material surrounding the cells (Fig 5} Some
ferntin particles were also observed attached to this
extramembraneous matenal

There was considerable difference 1n the preser
vation of fine structure of cells fixed it glutarakde-
hyde prior to the of the 1
gical reacuons and cells not prefixed The cytoplas
mic content of prefived cells was well preserved
iwrespective of the concentration of fixatve used
(Figs 3 4 and 5) whereas 1n unfixed cells the
cytoplasm was shrunken and blebs were less
pronounced (Fig 6) In both cases however
membranes were mntact as judged by the absence
generally of outleaking intracellular material and of
fernitin particles nside cells Unfixed or prefixed
mycoplasma cells treated with preimmune serum
and the fernitin label under the same conditions
showed similar features with regard to preservation
of structure as those already described but instead
of & uniform antibody layer surrounding cells onfy
patches of matertal adhering to the membranes were
observed (Fig 7) Mast of these patches contated
attached ferritin

The distribution of the ferritin particles of the
secand step reagent on the sui
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Fy 10 Sealed membrares fr

preparation Section unstained 250000

om the same preparation as 1 Fig 9 The membranes are covered with a unsform layer
of anubody decorated witp ferntn particles Few ferriun past

actes ¢an be seeq 1 the cellutar debns found in the

Fg {1 Membrane treated with preimmune serym and ferntin label A un form extramembraneous layer i1s not
tesgnt thangh same toatenial contaimng fermitin can be seen Rear the membrane Section unstained X 108000

Fg 17 Membrane treated wth trs bufer followed by ferriun labellimg reagent \o exiramembraneous material or
Gerrsun pecucles are present Sect on unstained  x 81000

Fg 1% Cells Tound in »break throughe colon 5 1n mmune growth tmubiton zones Cells ase nearly ¢mpty the
rema nag cytoplasm appearing ih clumps The central cell shows remnants of geometrical ribosome structutes and s

Vmied on part of s cwcumference by an extremely thin single layered membrane Section stamed with urany!

aceutte and lead citrate % 67500

was wregular consisung of stngle particles or
clusters or arrays of 2-4 parucles i}

ants rabbit 1gG and examined 10 thin $ecuons non

scattered at random around the circumference No
special labelling of the bleb membrane region was
obsened (Fig 3) Ferntin paricles were seen only
rarely 1n the mtercellular space Anubody layer and
fernitin label were present on all the morphologl
cally different forms of mycoplasma cefls both on
very small cells and on relauvely large cells with
httle cytoptasm (Fig 4)

A exp W hen of b
gallsepticum prepaced by dvmotie iysis foliowed by
repented freeze thawing were incubated with anty
serum tow ards whole cells and fernun labelled goat

sealed or (Fig 9)
were observed as well as structures resembling
sealed membranes or empty cells (Fig 10) Both
¥mds of mermbranes contained adherent matersal
though the layer of matenal was much more
umformly arranged in the case of sealed membra
nes Inaddition a relatively large number of fecraen
parucles was invariably found attached to the
ettramembraneous layer of the sealed membranes
(Fig 10) whercas the non sealed membranes only
Orcasiomalty snuwed 2 few autached particles (Fig
) Ferrmn labeling of the proten debris also
found 1 the preparations Wwas generally absent

"



When preimmune serum was substiupted for
immune serum sealed membranes showed only a
patchy distribution of extracellular material labelled
with ferritin (Fig 11) the unsealed membranes
having the same appearance as that described for
t bated with serum  In
preparations with tris buffer substituted for rabbit
serum extramembraneous material was absent as a
rule and ferritm particles were not seen (Fig §2)
Growth mhibiin experuments Electron micro
scopical examunauon of > break through colomes
found i a small number tn zones of smmune
growth inhibition showed colonies populated to a
high degree with deteriorated cells characterized by
the presence of only a small amount ol cytoplasm
which appeared to be clumped or by the absence of
cytoplasm At least on part of therr surface a
considerable number of these detertorated cells were
Limited by an extremely thin single layered somety
mes broken envelope or membrane (Fig 13} A
uniform antibody layer was not observed on such
cells At the periphery of such colonies and also in

. S
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Fig 14 Cells from a microcolony found in immune

¥
1
L L

growth inh b t on zone Both empty and mtact cells filled
with ribosomes can be seen Both kinds of cells are
heavily coated with antibody Sect on stained w th uranyl
acetate and lead curate X 67500

a2

mucrocolontes made up of no more than 20-50
mycoplasma cells there were well preserved offt
nisms contamning nbosomes nuclear strands and
mtact membranes (Fig 14} These celly were
surrounded by a thich layer of antibody as were
also some empty cells located in the same are®s
Mycoplasmas 1n colomes grown on agar ples
containing preimmune serum instead of immufe
serum did not show any of the above memioned
characterisucs

DISCUSSION

Indircet immunoferritin labelting 1t has been sho®2
tn the present study that incubation of M gall s’
et cells with specific antiserum resulis 1 the
attachment of a uniform layer of anttbody mok¥
les 10 the ¢y toplasmic membrane of the organis®
a layer which 1s visible 1 electron microscop al
thin sections without further labelling A somew!at
sumilar coat of externally adhertng matenial e
ung from incubation of A ladlawu cells wih
speaific antiserum in an mvestigation of oom;"e
ment mduced lysis was presumed to be antibody
but no d auon of the lobu! 1
nature of the layer was given (5} On the other hatd
directly visible individual immunoglobul n moler
les radiating from the surface of virus partct®
have been demonstrated by the negatne stamis
techmque (1) The average thickness of the antibot)
coat measured 1n the present investigation about
nm s of the same order of magnitade as the overdd
hinear dimensions of single 1gG or lgM molecu!®
(11) thus suggesting that the obsery ed antbody 0
on the mycoplasma membranes may be made up @
asingle layer of immunoglobulin mofecules Sien!!
cant variations n the thickness of the coat as""
function of serum dilution 1n the range 130
1 200 were not observed

The capacity of mycoplasma cells to b
specific antibody and the ferriun label 1n relation to
the extent of prefixation of the orgamsms wa
mvestigated 1n order 1o establish opumal conditto”
for the simultaneous preservation of cellular fin
structure and membrane anugemeity Prefixat O
with glutaraldehyde 1o the range of 0 3 10 } per cent
was found to fulfil both these requirements Lach @
prefixation resulted 1n unsatsfactory preservaud®
of the cytoplasm of the cells after the long af
somew hat drastie labelling procedure although e
memb of the ) cells were app?
rently intact and carried a umiform antibody 1ayé"
decorated with fernun In contrast fixation with
per cent glutaraldehyde caused a parual or totd!
nhibttion of antibody binding abtlity as visualized
by the appearance of a patchy mstead of a umfor™
extracellular coat Iabelled with ferritin

\nd




The ferritn particles of the second step feagent
were generally atiached 10 the outer side of the layer
of specific mycoptasma antibody and were scattered
around the cell outlne The Jack of uniformuy of
this arrangement certanly does not reflect a
Aistribution of antigen:c sites on the mycoplasma
membranes since the layer of first step aptibody as
mentioned 15 very uniform Higher conoentrauons
of ferriun Iabel m the ncubation mixtures might
have resulted 10 a more dmform organzation of the
particles Possibly also lateral movement of rabbit
antibody ferriun Yabel complenes 1n the phane of the
mycoplasma membrane can take place {23) explat
amg o pant Vne ungven dSnvton of Yokel
However the results show that care should be
exercised 1 drawing conclusipns about the detaled
organization of antigeruc sstes on P!

i membrane preparations and by the absence of
labelling of membranes wncubated with tns buffer
instead of the first step rabbit antserum On the
other hand the reaction of M gallsepticum with
antiserum was 1ot entirely specific 1n the sense that
Noccules of material adherimg to the cell membranes
were observed when the cells were incubated with
preymmune serum as the first step reagent These
patches consisted of rabbit smmunoglobulin as
shown by therr labelling with the ferntin reagent
but the fi was easily d

thed from the specific antibody bindiag which was
much heavier and almost entirely umform Unspe
afic absarption of serum groten, 1a particular y-
globulin 10 Af gallisepticum cells has been reported
previously (4)

membranes on the basis of wndirect labeihng
methods as has also been potnted out 1n the case of

sy g
anuserum resulted 1n heavy and apparently rather
uniform labelling of the orgamsms (12)

The membrane 1n the bleb region of Af
gallisepticum cells ¢hd not caffer from the Test of the
cytoplasmic membrane with respect to antibody
‘binding and ferrtin Yabeling The membrane 1n this
regron has been shown to be the site of ATPase
acuvny {18) and 10 possess a parucular affimty of
adherence to some mammalsan cells (24) However
the disinbution of negative charge on the merabrane
1s umform or at feast not especially located 1n the
bleb region 1)

The procedure used i this study showed that all
the different morphological forms of M gallisepn
cum also apparently old and damaged cells were
coated With Tabbil anubody and fernun label thus
demonstrating the homogeneous distribution of
antigens 1n a mycoplasma populaton

The method of indirect smmunoferrsun labelling
used ¥ this study 2ppears 1o be well suned for the
purpose In particular it was found advantageous to
bave the mycoplasmas embedded in smah agar
blocks during the whole of the procedure since this
readered superfiuous the necessity of several
centrifugations following the different wncubation
and washwg steps and alfowed the

P The distinct
cal labelhing of sealed membranes or empty cells 1

b: fracuions of A gall: is n strong.
tontrast 10 the 2ppearance of unsealed membranes
or membrane fragments in the same fractions
which although covered with an amorphous layer
of material did not bind the ferriun conjugate It
thus scems that fragmentation of membranes has
resulted 1n loss of antibody binding capacity the
‘matenial adherent 1o these fragments probably beisg
denved from the cell contents Since only one gentle
washing of the lysed unfixed cells 1 0 15 M NaCl
was apphied the step mn the lysis procedure most
Tkely responsible for the loss of membrane
antigenicity 10 the case of unsealed membranes 1s
the osmolysis 1 distiled water M gallisepticum
membranes 1solated after digitontn lysis have been
Shown 1o retam a high immunogenic potency as

. ’
m

gical studies tn which only average properties of
membranes are detected

Growth wnhubilion experyments The observation
of destroyed cells with single-layered membranes
2nd no antibody coat n the uwtenior of »break
through ¢ colonies and intact cells with heavy
antibody coat in the periphery of such colones and
1n microcolones possibly illustrates the sequence of
events in the grawth inhibition reaction viz the

experiments to be carned out with mumumal
amounts of reagents The absence in general of
fernun parucles in the space between cells shows
that the diffusion rate of the large fevnun 1gG
complex utilzed as label was high enough to effect
the removal of unbound tabel by washing The
speaificity of ferntin labelling was likew 1se demon
strated by the absence of labelhing of protein debns

are first covered with antibody
subsequently a gradual destruction of cells takes
place leading to dissolution of the outer antibody
coated layers of the cytoplasmic membrape The
appearanct of a single layered cel Imutauon 15

1S not

very otd cultures or
prepared by different proce

TES TOF IS 1t generally observed in badly fixed

g This
Observed for wnstance 1n celis
10 membrane fractions
dy
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specimens of cells or membranes It 1s not unlikely
that the binding of antibody to the outer layers of a
triple-membrane makes these more easily soluble
The detaled mechamsms of the serological
growth inhibition reaction of mycoplasmas are stiil
unexplained However, 1t would appear from the
ultrastructural nvestigations of cells 1 wbreak-
through« colomies that mycoplasmas are able to
divide even when heavily coated with specific
antibody, but that the time such cells remain alive
and 1ntact 1s shorter than the normal hfe time of
agar grown mycoplasma cells The »break through«
colonies are certainly not populations of mutants
incapable of binding antibody specific for a parent

©
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Edward D G Jf & Fizgerald W A Inhibuionof
growth of pleuropneumonia like orgamisis B
antibody J Pathol Bacteriol 68 23-30 1954
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Green N M Electron microscopy of the immunog
lobulins Advan Immunol /7 1-30 1969
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ding to infective tissue Tohoku } exp Med m
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Jensen K E  Anubodies to Micoplasma pni™®
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5

form A mutant of 4 laidlaw u resistant to
lysis by complement but with unaltered antibody
specificity has recently been characterized (6)
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HAEMAGGLUTINATION BY
STAPHYLOCOCCUS SAPROPHYTICUS
AND OTHER STAPHYLOCOCCAL SPECIES

BIRGITTA HOVELIUS and PER ANDERS MARDH

Iastizute of Medical Microbiofogy Usnversity of Lund Lund Sweden

Hovews B & Mirth P A ¥ by Siaphl s
staphytococcal species Acia path mucrobio] scand Sect B 87 A45-50 1979

s and Other

Staphylococcus soprophyiics was found 10 differ from Siaphy and Staphy

aureus by 1ts abiity to agglutnate sheep erythracytes On testing 30 strams of each specwes 23 sufatas
o 8 saprophy ticus and ong strain each of the other two species caused agglutination Twenty-eight of
30 strams of Staphilococcus cohn « and Staphy oiests hled 1o tavse hoemoggivtasuon The
faemaggluunatng acuvity of § saprophtucus when using a 10 per cent bacteral suspension was
demonstrated n dilunons of J 2-) 32 ft was reduced cwofold at most when exposing the bactera to
56° C for 30 minutes While no agglutinauon could be demoastrated afier treaunent for 10 minutes at
86° C No haemagglutinauon could be d?monstrated after (reatment of the bactersa %ith a § per cent
soluton of ypsin Treatment of § soproppprcus with 01 M EDTA did not affect the
hacmaggluunatng activity Whereas exposure of the bactersa 1o 1D per cent trichloroacetic acid reduced
the acuviry The baemagglutination was D mannose resistant, and it was inlubued by homologous
rabb 1 anuserum The apglutinates dispersed when beated a1 45-56°C for 30 munutes A few of the
strans oF 5 saproph facus tested also agplutnated human bovine and puinea pig erythrocytes

hey words Siaphlococcus saprophy ticus  coagulase negative staphylococs haemagglutynation

B Hovelws Insutute of Medical Microbiology University of Lund Solvegatan 23 $-223 42 Lund

Sweden

Recerved 27 v 78 Accepled 411 78

Bacteria of certain species can cause direct
agghunnation of human and other ammat eryihrocy
tes (13) In some species eg Escherichia coli and

The atm of the present study was {o study the
;bdny of Staphylococcus saprophyticys S anrews

de ey a0d § xfesus 10

Aessena g L} % thas besn
associated with the cocurrence of fimbreae (1 10
15) while ta same otper species such aggiannaton
has been aweribable to other mechansms o
contrast to fimbrial haemaggluunation this other
e of agglutination s usually manpose resistant

and dispersed when ¢xposed fo temperat
o o perature over

pudera

i\ human and ammal erythrocytes The
capacity of £ sapsopdyncus to haemagglutinate
afier treatment with beat EDTA trichigroacenc
acd and wypen wos also sindied as was the
influence on the haemagglunnation, of heating
‘EDT-‘\ a;nd D.mannose  Finally haemagglutina
px::; o‘::‘edm‘m NS uSing rabbit aniisera were

ac



MATERIALS AND METHODS

Bactera a d Cult re Tecingre

Th rty strams of S aureus 1solated from pus and 30
strans each of S epder dis and S saproplys cus
solated from voided urine specimens were tested In
add ton tests were made on 15 strains each of § cof i+
and § vlosus 1solated from urethral specimens The
staphylococct tested had been classified accord ng to
Kloos & Scllefer (9) Two of the strains of S
epder 1ds were resstant to 2pg/ml of novobiocin
wh le the other strains of th s species were suscept ble (o
th s concentrat on

The bactenia stud ed were 1noculated mto tryptone
broth (Oxo d) and ncubated at 37° C overmight Also
staphylococct grown at 37° C overnight on a med um
cons st ng of Blood agar base No 2 {Oxo d} with 4 per
cent defibrinated horse blood were used

Enitlrogus

One per cent suspens ons of fresh washed human
(blood groups AB Rh+ and O Rh+) guneapg ox
and sheep {3 an mals) erythrocytes 1n phys olog cal saline
were used

Treat et of Bacter a

Before use the bacter al suspens ons were centnfuged
at 3000 x g for S m nutes and suspended n phosphate
buffered sahine (PBS) pH 72 Ths procedure was
repeated once If not otherwise stated 10 per cent (v/v)
bacter al suspens ons i PBS were used

Forty per cent {v/v) suspensons in PBS of four
strans of § sapr pf 1¢ s thal cawsed haemaggiut na
ton of sheep erythrocytes and of four non agglut nat ng
stransof S ep der d s were heated at 37°C 45°C 56°
C and 86° C for 10 and 30 minutes respect vely The
bacterra used had been cultured in tryptone broth Other
Algts ol these 2ght susqensiacs e @ ved W thoaa
equal amount of 01 M dsodum ethylene d am ne
tetraacetate (EDT A) or 10 per cent (v/v} trichloroacet ¢
acd (TCA) at 4° C for | hour The four strans of §
sapropi ¢ s were also exposed o an equal amount of a
5 per cent solut on of bov ne pancreas tryps n type m
(Sigma) at 37° C for 20 m mutes All m xtures were
centr fuged washed four t mes n PBS and re suspended
10 the or g nat concentrat on Un rea ed bacteria n PBS
were used as controls

Ten per cent suspens ons (v/v) of 20 sirans of §
saproplytc s n PBS s ored a1 4° C for 2 weehs were
harvested by cenir fugat on and used n haemaggly na

ton tests

S per aa sof Stapl loc ccal Bro ! C lurs
1n some exper memis the sypernatanis obta ned by
centr fugat on as descr bed above of | and 3 day old
broth cultures of § sapropl ¢ sand S epder ds
ere used n haemagglut naton tests Supernatants
obia ned by centrifuga on of the 70 cultures of §
saproph ¢ S stored for 2 weeks were also tes ed

Hae agglut nat o1 Tests

Twenty five 1 of the bactersal suspens ons wefe ¢
ded to 25 pl of the erythrocyte suspens ans n wels of
d sposable plastic m croutrat on plates (Flow Lab?f2 0
res Lid) The plates were sealed wth cellophane
shaken and incubated at room temperature for 2 hours
belore read ng

Haemagglut nat on tests with sheep erythrocytes % ¢
also made on glass shides The tests were read af er b 2
kept for 5 mnutes at room temperature Bi€¢ 32
harvested from blood agar plates were also used i e
two haemagglut nat on test runs

Twofold sersal dilut ons of 10 per cent suspens ¢1S of
fve strans of S saprop/3fc s were made m ppS 2
m crot tration plates In each well 25p of the bac ¢3!
suspens ons were mixed w th 25 pl suspens on ¢ the
human sheep ox or gu nea p g erythrocytes

The otcurrence of aggluinate was determ el by
wnspect on of plates and glass sl des by the naked ¢¥¢

Hac agel a0 Testsw | Sleep Er throc es " 1
Prese ceof EDTAa d D a ose

Four of the stra ns of S saproplyec s were uF"”"
to wncreasing concentrat ons of EDTA Twofold % ¥
d lutions of the 40 per cent bactenal cell suspens of
ul 1n each well were made in PBS using mcro ¢
plates Toeach d lution 25 plofeither 01 05 10 5
or 10 0 mM EDTA were added These suspens ons %€
used 1n agglut nat on tests with sheep erythrocy es

Tests were also performed n the presence of 9 P¢
cent D mannose (Merck) Four stra ns of § saprop
cus were tested us ng a 10 per cent bacter al suspen® O
wh ch was twofold ser al d luted in PBS Twenty [ ¢
of the suspens on were m xed with 25 p} D mannosé "
25 pl of the sheep erythrocytes

ffleceofTe pera re Ha agglu at n
Agglut nates of sheep erythrocytes and 10 per “.“

‘acter A suspensions ol Tour stra ns ol 3 sapropn "E

performed 1n m crot trat on plates were stored at

459 C and 56° C for 30 mnutes and therealef ™

exam ned

Preparato [A sra

Ant sera aga nst one straneach of § epder 4
S saprop! ¢ s ere prepared in rabb1s The bac era
used had been gro  n in tryptone broth formal n tre® <
washed three mes n sal ne and suspended n the st 1
o form a 10 per cent suspens on The rabbts v e
mjected 1ntra enowsly weekly for 3 weeks with ! o 0
the suspension and boostered af er | and 2 months The
rabbuts Were ear bled 2 5 and 12 weeks af er the { ™
wngecuion The sera were hea eda 56° C for 30 m o ©
and absorbed w h a 50 per cent suspens on of sH
erythrocytes before use

Thet reof agglu nat ngan body to S sapr p! peus
In the rabbit sera collcced 12 weeks afer ¢
mmunzaton wih S sapr plytc s was 1512 whl¢
that of the rabb 1 immumized % th § ¢pder of 5 #45
132
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Haemaggtunmanon Inksburon Tests

Pre immune and 1mmun sera from two rabbits were
used 10 haemagghuunation tnhibiton tests with § sapro-
phyticus Al sera collected from each rabbyt were sequally
diluted 1n FBS Twenty five pl of the dituted sera and
the same volume of 2 § per cent suspensiont of the strain
of § saprophy ticus tsed fof tmmumzation were ymved in
wells of micfottration plates Which Were mcubated at
37° C for 30 minutes Thereafter 25 pl of the suspension
of sheep erythrocytes were added Afier 2 hours
incubation 2k Toom tempetature the tests were read In
cantrol experiments, PBS was used 1nstead of serum

RESULTS

Agglutination of Varwous Erythrocytes

Sheep erythrocytes Al but two of the 30 siraims
of § saprophylicus grown 1 tryptone broth
agglutinated erythrocytes from two of the sheep
used while 25 of the sirans caused agghutinauon of
erythrocyles from the third sheep studied (Table 1}
The five strains which did not erythro-

gumea pig and bovine erythrocytes Four of these
SIX stramns also agglutnated human erythrocytes
One strain each of S aureus and S epidermudis
agslutmated exythrocytes from all the ammal and
huraans tested (Table 1)

The highest diutions of five strams of S
soprophyficus which caused agglutination of hu-
man, sheep, guinea Pig and ox erythrocytes, are
shown 1n Table 2

Haemagglunnation by Four Strains of S saprophy
ticus after Various Treatment of she Bacteria

Heat S saprophyticus heated 10 86° C for 10
minutes did pot agglutinate sheep erythrocytes The
baemagglatnating actvity was reduced by [ to 2
steps of dilution after treatment of one of the stramns
tested 2t 56° C for 30 minutes, but not for 10
miaies The agglutination with the other three
Striups was not affected by thas weaxment The
h

cytes of the third sheep meluded the two strains
wiuch did not agglutinate erythsocytes of the other
wo sheep Only one strawm each of 5 epidermidis
4 and S pureus

activity was pot affected by

e Wil
h

erythrocytes of any of the three sheep § saprophy
ticus harvested from blood agar plates never caused
haemaggiutinaton

o comparable experiments po differences in the
test results were obtaned when using microtitration
plates and glass shdes

Two of the 1§ steamns of § xylosus caused
haemagglutination whereas none of the 15 strains
of § cohnn thd so

Gunea pig bovine and human erythrocytes Six
of the 30 strains of 5 saprophytreus zgelutinated

TABLE 1 Direct Haemagglunngtion of Human Sh,

TCA Treatment with 10 per cent TCA reduced
‘but &id not abohish, the capacity of three of the four
strans of S saprophyicus to form agglutinates
Alfter the treatment, haemagglutination occurred
but only when using higher concentrations of the
bacteria One Strain was not affected by treatment
with TCA

Tnpsin Treatment of the strams with trypsm
::Ehshad the haemagelulinating attvity comple-

Storage The bacterial suspensions of § Soprop-

. exp Gunce Pie ond O Enthracytes by 30 Sirans of
No
E;,;mc,m S aureus °”"“g‘ causing aggluunation —
o __S epudermdes suprogton
N N=30 TNew

AB Rh+ |

O Rne H 1 4
Steep ! 4

1

1
1

::‘ ! ' 8
Guinea pag H h b
o 1 K 6

03
* 10 per cent bacteriad suspenstons wece used



TABLE 2 Diect Haemagglutination of Human Sheep (2 Ammals) Guinea Pig and Ox Evy throcy tes by Fyve Strans

Luch of Staphylococcus saprophyticus, Staphylococcus aureus and’ Staphylococcus

epidermudis® Reciprocals of she

Highest Difutions Causing Agglutinagon are given

Species
ups:::, Sl;zm Human Sheep Guinea pig Ox
AB Rr+ O,RH+ I I

§ saprophyticus i ~b - 2 15 4 -
2 8 4 32 32 4 8
3 - - 2 16 2 -
4 8 4 16 16 8 3
5 ~ - 16 32 32 -

S aureus -5 - - - - - -

S epidermidis 1-5 ~ - - - -

2 10 per cent bactenal suspensions were diluted twofold in phosphate buffered saline pH 7 2

hyucus kept 1 4° C for 14 days stll caused
haemagglutination

Haemagglutination Tests Using Supernatants of
Staphylococcal Cultures

No agglutinating actwity could be demonstrated
when testing the supernatan(s from (- and 3 day-
old broth cultures of § sapropiyucus and §
epidernudis Nor possessed the supernatants of
cultures stored for 14 days any such activity

Haemagglutination Tests tn the Presence of EDTA
and D-mannose

The hasmagglutination of the four strains of $
saprophyucus tested was not affected by the
presence of 0 1-10 mM EDTA Nor was the
haemagglunnaimng achvity affected By the presence
of D-mannose

Influence of Temperature on Haemagghetnation
Agglutinates of sheep erythrocytes and S Saprop-
hyticis were not affected When stored at 4° C for 30
munutes The agglutinates dispersed when ¢xposed
o 45° C for 30 munutes i three of four Stramns
tested This also occurred with all four stramns
when heated at 56° C for the same peniod of ume

Haemagglunnation-Inhibiion Tests
The preammune serum from the rabbit il

from the rabbit immunized with § eprfermsdis
inhibited the agglutination at the same low utre vz
14

DISCUSSION

The ability of most Strams of S saprophs ficus to
agglutinate sheep erythrocytes distmguishes them
from most strans of the other staphylococea)
species tested, including those of the two other
tve -resistant  species
viz S cohnn and S xylosus The three species
mentioned have been distinguished from other
== * +herr resistance
we also have
. epidermudis
all solated from hospitalized patsents, to be resistant
to tius concentration of novobiocn {5} The two
novobocin-resistant straimns of § epidermidis tested
m this study did not cause haemagglutinatson
One of the few practical applications of bactersal
haemaggluunation reported s that by Finkelstein &
Mukeryee (4) who by such tests distingmshed El
Tor vibrios from other Vibrio cholerae Haemaggly
tination can also be used to separate S saprop -
cus from other staphylococcal species provided that
they have been cultured ;m hquid medsum sych as
tryptone broth but not when using strains hanes
ted from blood agar plates
Drrect } caused by certain bac-

zed with S saprophy ticus d

tion by S saprophpticus a1 a nre of 14 asdid the
serum drawn 2 weeks after the first mmunization
The sera drawn S and 12 weeks aftes \he‘ first

terial spectes has been assocrated with filamentous
appendages viz fimbriae This type of haemagglut-
nation bas been shown to occur 11 £ colr and 10 be

(2} Ful dages are

10n caused h 1| tion
atatireof | 32 The pre immune and immune sera

not known to occur 1o staphylococer On scanning



and transmussion electron micrographs we were not
able to detect any difference 1o surface structures of

presence of EDTA The haemagglutmating activity
of § saprophyticus was destroyed when the

strans of S saprop and S ep used
1n the agglutination tests

The actvity of S
cus after treatment with EDTA or TCA was not
obviously affected Tt has been suggested that such
treatment of fimbriated bacteria stnps off the pily,
thereby inhibiting thewr haemagglutmating ability
)

Bacteria can cause of er

had been heated at 86° C, but was only
shightly affected when 1t was exposed to 56° C
Furthermore, treatment of S saprophyticus with
trypsin abolished the haemagglutinating actuvity
This suggests the haemagglutimin to be a protein
Sera of the rabbit immunzed with S saprophy 1~
cus 1ntubited the haemagglutination of S saprophy-
frcus while sera of the rabbit immunized with

of certain aimal species, but not at all

ep. did not do so This suggests that the

or less readily erythrocytes of other species (13)
With a few exceptions, the tested strams of §
saprophy ticus caused agglutination of sheep erythro-
cytes while only some of the same strams
agglutinated erythrocytes of the other anmals
studied The reason for these species differences 15
not known

In in witro expennments, we found that §

1prop. us had a more capacity to
adhere to human urothelal cells than had §
epidermidis (12) £ colt K88, has a pronounced
capacity to adhere to epithelial cells of the Jeunum
Of p1o§ {7} Th g lnemey o 20y 2 "

. N . ] :
R, H .

i e fegpt
abllity to adhere and to agglutinate has been
suggested 10 be mediated by the same proten
antzgen (8) The K88 antigen causes mannose-resist
ant haemagglutination and the aggluunates disperse
when exposed to heat Ike § saprophyticus

e -

t
c

utiary tract infections ‘caused by S saprophy nicus
Aggregates of erythrocytes and cocer are a common
finding 1n unine sediments of such patients (6)

S saprophy ficus 15 also often found to be adhered
to urothehal cells In prelmenary tests, such
orgamisms harvested direct from the unge of
women with urinary tract infections usually caused
haemagglutinaton This 1mplies that the haemagg-

luunating acuvity of § saprophynicus may be
present i1 yno

ned

H. by Fusob X
s Ca~ + dependent. The hae; Tuty
sy magglutination

proph tecus was not affected by the

may act as an antigen

Thus study was supported by grant No 16X~4509 from
the Snedish Medical Research Council
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TABLE 2 Deret Haemagg!u(llllm‘wn of fuman Sheep (2 Ammals) Guinea Pig, and Ox Evy throcytes by Five Strans

Each of Staphy S
1eus, Stap aurens gnd Stap epidermicis?  Reciprocal
Highest Dilunons Causeng Agglutination are grvent worocals o e
Spe::‘es Strain Human Sheep Guwnea pig Or
tes¥ ne AB.Rh+ ORH+ 1 1
S saprophyheus { b - 1 16 4 ~
2 8 4 3 32 4 8
3 - - 2 16 2 -
; 8 4 16 16 8 8
- - 16 2 -~
§ aureus [£5) - - - 3— 33 -
S epidermudis -5 - - - - - -

: 2 gcr cent bacteria) suspensions were diluted twolald m phosphate buffered safine, pH 7 2

hyticus kept m 4° C for 14 days stll caused
‘Thaemagglutination

Haemagglutination Tests Using Supernatants of
Staphylococeal Cultures

No agglutipaung activity could be demonstrated
when testing the supernatants from t- and 3-day-
old broth cultures of § sapropfyucus and S
epidernudis  Not possessed the supernatants of
cultures stored for 14 days any such acuvity

Haemagghunation Tests i the Presence of EDTA
and D-mannagse

The haemaggluunation of the four strams of §
saproply ticus tested was not affected by the
presence of 0 {~10 mM EDTA Nor weas the
haemaggluynatng acuvity affected by the presence
of D-mannose

Influence of Temy e on H.

Agglutinates of sheep erythrocytes and S saprop-
Iy trcus were not alfected when stored at 4° Cfor 30
minutes The agglutinates dispersed, when exposed
0 4§° C for 30 munutes m three of four strams
tested This also occurred with all four strans,
when heated at 567 C for the same period of tme

Haemaggluynanon-inkibuion Tesis
The pre~mmune serum from the rabbit immunt-
1

from the rabbit immumzed with & epidermudis
nbites the saghvhmation 2t the sams low te, vz
t4

DISCUSSION

The ability of most strams of § sapraphyhicus 10
agglutinate sheep erythrocytes distinguishes them
from most strains Of the oiher staphylocoscal
speces tested, mcludmg those of the two atér
gatl novobioCr tant  species,
viz S cohmy and S xplosus The three speciss
mentioned have been distingumshed from other
negative stap cer by therr
1o 2 pg/ml of novobiocn However, we 2ls0 have
found 10 per cent of 150 strains of S epidernudss
all 1solated from hosputalized pateents, to be resistant
{0 this concentration of novobiocin (5} The (wo
fnovobiocin-Tesistant strains of S epidermudis tested
1n thus study did not cause haemaggletunauion
One of the few practical applications of bacternal
haemagglutinaton reported 1s that by Finkelstemn &
Mukerjee (4), who by such tests distinguished El
Tor vibr1os from other Yibrio cholerae Haemagglu-
unation ¢an also be used to separate S saprophyir-
cus from other staphylocoocal species provided that
they have been cultured 1n hquid medtum, such as
tryptone broth, but not when using strams harves-
ed from blood sgar plates
Durect b caused by certam bac-

zed with S sapropip icts d

tion by S saprophs ticus at a utre of } 4, as & the
serum Oraws 2 eehs aftes the first ImMUNIZALON
The sera drawn 5§ and 12 wechs after lhi first

ter1al species has been associated with filamentous
appendages, viz fimbriae This type of haemaggluti-
pation has been shown to oocur in E colt and to be

QI E dages are

tion caused h 1
atatitre of 1 32 The presimmune and immune sera
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COMPLETE AND INCOMPLETE lbc PROTEIN
FRACTION IN GROUP B STREPTOCOCCI
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Bevanger L & Maland I A Complete and wncomplete [bc protein fracuon 1n group B streptococc
Acta path microbiol scand Sect B §7 51-54 1979

The Toc protein fraction of groap B streprococat was ssolated {rom the type Ib stramn H36B the type I
swan AS09 and the type fo stram 335 and examined against anusera by simmunodiffusion and
immunoelestrophoresis The fraction from the Ib swram and one of the L strains (A909} contained two
antgens of groups of anugens called the a and § anugens Tespectively Strain 335 produced the a but
not the B antigen This was 2iso the case with three other group B isolates previously classified as type
Ic One type Il and one type 111 stram produced both anugens The resuls svggest that group B

streptococer producing the Ibe fraction can be subdiided further on the basis of the antigens that are

present tn that fracuon

Key words Group B streptococer Ibe proten fracion complete and incomplete

L Bevanger Deparument of Microbiotogy Regional Hospial N 7000 Trondheim Norway
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Division of group B streptococt: 1nto serotypes
Ia 1b II or 111 15 based on specific carbohydrate
anugens produced by the bactera Group B
streptococct may also produce the protesn antigen
ongnally called the I¢ protein by Huhinson &
Eagon (6) and later designated the Ibe protewn
anugen by HdRinson (S) The anugen was prepared
by eviraction of whole cells of the bactersa with kot
HQl and separated from the polysaccharides
present in the evtract by precipitaion with cold
acd (6) On the fbc

with the ants Ib conjugate This report presents the
sesults of 2 study designed to compare the Ibe
protemn fractions from different group B strams

MATERIAL AND METHODS
Stra s
The followiag type strains of group B sireprococan
were used Typela 090 typeIb HI6B type Ic A909
tpeH V8 typell 18RS2) andtypedif DIISC Other
strains used were the chmcal isolates of group B

Pprotein preparation produced tw o precipitation hines
against ansera (6) Probably all type 1b strams and
some type 1} and type I stramns possess the protein
antigen {2 4 7 8) Straws that produce both the
carbohydrate antigen la and the lbe protewn are
currently classified as serotype [c (5 6 9)

Recent expertments showed that the fluorescent
2nubody test can be used for rapid Wepufication of
those group B strams of the carbohydrate anugen
%pes 1a 11 and 111 that produce the [be protein
antigens (2) Such strans showed cross reactny uy

described previously 12) m parucular the
type [e strain 335 Al strans were kept at ~80°C 1p

Stuart transport medium and thaw ed smmeduarely before
culturing

Culiure

Todd Hewit broth modified by neTeasing  the
concentration of “a;HPO4 and glucose eight umes (1)
was 1naculated with the bacieraa and incobated at, 3rC
for V8 h under constant agitation The strepiococes w ere
<otiecied by cennfugation at 5000 x 2 for 10 mn and
washed nce 10 phosphate buffered saline PH 7 2 (PBS)
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335

g 7 [nmunoelectrophoresis Anugen wels were filled
wih the lo¢ fract on from the type 1o syams 335 2nd
4909 respecurely or the type Ib siran H36B as
nd cated Serum basins contained ant 1o {22 and Sorer
any {6 absorbed with extract from sirawm 335 (%Y
Anode 10 the £ ght

antt 33§ serum was tested against the ettracts only
e « e 02 produced (Fig 1)

Absorpuion of the antisera with the Ib or ASD
ekt elminated all antibody actvity detectable by
the precipitauon test Absorpuion with the 335
extract or with bacters of thus stramn resulted 10
remoraf of the antibody 1o the a anugen but aot to
the § an gen

h o - -

A daugen wih 2 comparatnely fast anodic
UNETRUOR Was present 1 all three extracts The
A90% and 1y extracts but not the 335 extract also
produced 2 second lme with slower anodic migra
uan frequently w the form of a cluster of hines
Presumably (he two antigens or groups of antigens
wofTtsponded 10 1he a and B lines observed 1n the
3331 precipitation fest

Digestion of the estracts with pepin resulted 1in
removal of the precipitaion with antisera Troypun
¢ gtsuon ehmunated the formation of the f line but
did not affect the o lae The aand B hines formed as,

before when the extracts Weré onidized with
penodate and then examined

Ibc Protein Fraction from Other Sirains of Group 8
Streptocoret

Extract was prepared form other isolates of
group B streptocoot and tested by 2gar precipuation
and immunoelectrophoresis aganst the antisera
From each of the serotypes Ia T1and I one strain
hat did nat show cross reactivity with the b3 11V
antt b conpugate was studied Precipitation vath the
antisera was not observed when using extract from
any of these strams Extract prepased from a type {{
and a type 11 strain that showed FA staming by the
conyugate produced both the aand p hines on tesung
with the antisera On the other hand extract from
ach af theee type e strams produced the « line but
not the B line simular (o the stean 333

DISCUSSION

“The Jbc protein fraction from the type strams Ib
{5126B) and 1o (A909) contawnad two greciputeno-
gens here called the o and § antigens respectively
The P antigen w a5 susceputie 10 1yPsm and pepsin
the o anttgen to pepsit only These findings are
simular to the abservations of i¥iikinson & Eagon(6)
warkimng with the same strains

The @ antugen gave rise to a Sing)e Iine 1n the agar
gel diffusion test but showed 2 more complex
pattern of Lines on tmmunoelectrophoresis 1t bas
10t been established as yet whether this was due to
the presence of different antigens wath Similar
electrophoretsc mobilny or 10 a heterogeneny of
one and the same anngen possibly induced by the

harchneer ¢ .

Lhe demonstration 1 tus study of the o and B

. apvaes w U) uis LIALLION contained the a
but not the B anugen Moreoter antbody ¢ the §
antgen could not be detested In the any 335 serum
and absorpton of aptisera wath exiract or bacterta of
this stram fatled (0 remove antbody 1o the B
antigen It must be concluded that the fantigen was
not produced by stram 335 which accordingly
Produced an incomplete Ihe proten (taction

Group B 1solates of the serotype Ic produce both
l;x:aﬁarbahnim: antrgen la and the Ibe fraction (S
G . -
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Extraction

The Ibc protem fraction was 1solated from whole cells
of the streptococc: essentrally as reported by Witkinson &
Eagon (6) The bacterta were extracted with 0 2 N HCl at
50°C for 2 hand then removed by centrifugation at 8000
X g for 10 min Protems were precipitated from the
supernatant flud with four volumes of 10 per cent
inichloroacetic acid (TCA) at 4°C for 20 h The pellet
obtained after centrifugation was dissolved m 0 15 M
NaCl and precipitated again with an equal volume of 10
per cent TCA The final precipitate was dissolved 1n PBS
and dialyzed agamnst water Undissoived material was
then removed by centrifugation and the solution (the Ibe
protein fraction) was lyophihized

Annisera

Antiserum agatnst whole cells of the type Ib strain
(H36B) and the type Ic strains A909 and 335 anu Ib
A909 and 335 respectively was prepared by immuniza
ton of rabbits as reported earher {2) The anusera were
used unabsorbed after adsorption with whole cells of the
bacteria (2) or with the Ibc fracuon One mg or more of
this fraction was added to 02 ml of anuserum the
mixture was Kept at 4°C for 20 h and centrifuged at 8000
% g for 10 min the supernatant was used 1n the tests

Fluorcscent Antibods (FA) Test

Immunoglobulin from the anti Ib serum conjugated
with fluorescern wsothiocyanate (FITC) was used The
preparation method and data charactenizing the conjugate
have been described earlier (2) Stramns of group B
streptococer were examned by the FA test as described

Imnumodiffusion and Inmun dectrophorests

The immunodiffusion test was performed as before
{2) using shides prepared with | per cent agarose (Noble
Difco}in PBS For the immunoelectrophoresis 1 per cent
agaose 1n 0 03 M veronal buffer pH & 6 was employed
The electrophoresis was run for 90 min at a constant
voltage of 10 V per cm 1n 0 05 M veronal buffer pH 8 6
Unabsorbed or absorbed antiserum was then applied and
the shdes were kept at 4°C for o days Anugen in a
concentranon of | mg per ml was used for the agar
precipitation test and 8 mg per ml for the immunoelect
rophoresis The sitdes were washed dried and stined
with Coomasste Brilliant Blue as recommended (3}

En yme Digestion and Pert date Ovdation

Digesuen of materials with trypsin (B grade Calbio
chem) was carried out in a 0 05 M tnis HCI buffer pH
80 and with pepsin (B grade Catbiochem) ma 0 05 M
curate phosphate buffer pH 26 a1 37°C for 4 h with a
substrate 10 enzyme rauo of 41 (w/w) The mmuris

RESULTS

FA Test

The effect of absorption of the FITC oconjugate
agamst the type strain Ib (H36B) with bactersa of
type Ic strams A909 or 335 was etamuned
Absorption with strain A909 eliminated the FA
staung of both the type Ic strains On the other
hand absorption with strain 335 did not eliminate
the staining of strain A909 The results suggest that
the Ibc protein fraction of stram 335 may not be
1dentical with that of strain A909 or the type Ib
strain This possibility was tested by examunation of
the Ibc fraction isolated from bacteria of these
strans

7 ,

and 1 lctroph

Testing of the Ibc protein fraction from each of
the three strains against the anti Ib serum (Fig 1a)
resulted 1n a precipitation pattern simular to that
obtamned with the antit A909 serum (Fig 1b) A
continuous precipitation hne the a line was caused
by an antigen present in all three extracts A second
line the B line was produced by an antigen in the Ib
and A909 extracts but not by the 335 extract When

1a

1h

1
@ @ @
Fig 1 — M Penphﬂal_w'clls:om:m the

were then dialyzed aganst water and |
Material 4 mg per ml was dissolved 1na 0 25 per cent
(w/v) solution of Na nretapertodate n PBS The mixture
was kept in the dark at 20°C for 20 h dialyzed against

water and Iyophilized

52

Ibe protein fraction from the type lc stramn 335 (1} the
type lc strain A909(2) and the type Ib strain H36B (3)
Central wells contamned ant 16 *** - e i
ant1 335 (6) aand B sec text
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SEROLOGY OF NEISSERIA GONORRHOEAE
DEMONSTRATION OF STRAIN-SPECIFIC
ANTIGENS BY IMMUNOELECTROPHORESIS,
IMMUNOFLUORESCENCE AND
CO-AGGLUTINATION TECHNIQUES

DAN DANIELSSON and ERIC SANDSTROM®)

Department of Chmical Bacteriology and Immunology C:mn:a\ County Hosptal Orebro ls‘;d ad\:\:
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Danelsson D & Sardstrom E Serology of Aessera gonarrhoeae Demonstraton of strain specific

antigens by and ¢o techmiques  Acta path
mucrobiol scand Sect B 87 55-63 1979

. W wiiL up UILMS LU LIES Wi antigen containg intermediate agar gel as a two peak
precipiin line one peak close to the antigen well the other towards the anode A simular pattern Wwas
found for each of the four stramns stdied These st + = cnen ™ -
rocket line immunoelectrophorests (R LIE) tests w
Using whole cells strain specific antsgens were also
od cross absorbed antbodies The results correspe

Immuncsorpuon expeniments indicated identity between the strawm-speaific antigens shown by COA
tests and those demonstrated by C LIE and R LIE esis

hey words Aesseria gonorrhoeae stram specific antigens co agglutinanon  immunoelectrophoresis

indirect immunofluorescence

D Danielsson Department of Clunical

Orebro Sweden

Recerved 161 78 Accepted 27 11 78

Serclogical investigations with the aim of class:
fying Mersserra gonorrhoeae have shown these
orgamsms to be complex and heterogenous from an
antigenic pount of wiew @f ref 11 14 23)
However common as well as ngroupe >type« or
wstran « speafic antigens were demonstrated 1n
studies of viable or killed whole cells by agglutina
uon(27 30) complement fixauon (22) immunoflu
orescence (8 21 29) and bacienaidal tests (13 28)
and 1n studies of disintegrated organsms or
antigenic fractions in vanous stages of punfication

and

Central County Hospital $ 701 85

by agar gel precipitation (1 2 8 12 {4)and passive
haemagglutination or haemolysis {5 18 19) Very
few of these studies correlated the sesologica)
findings og whole cells with those of disintegrated
organisms or antigenic fractions

We described recently use of the so-called co
agglutination techmque for the serological identif
cation of Newsseria gonorrhoeae (10) 1n the present
study we used this techaique 1 combination with
indirect tmmunofluorescence to demonstrate strain
spectfic antigens of viable of kalled whote gonococ
cal (GC) organtsms These findings correlated we]]

55



type II or type III stramns has not as yet been
established, although this has been proposed (2)
The strain 335 used in this study was classified
previously as type Ic, due to FA staimng of the
bacteria both by the anti-la and anti-lb FITC
conyugates (2) Staining by the anti-Ib conjugate can
be explained on the basis of antibody to the «
antigen produced by this strain However, 1t 1s
debatable whether this stran and others that
produce an incomplete Ibc fraction should be
classified as serotype I¢ The results of this study
suggest the possibsty of further serological division
of the Tbc protein producing group B stramns
according to the antigens of this fraction Qut of a
total number of eight Jbc producing strains, four
stramns produced an incomplete fraction, and all of
these were previously classified as serotype Ic
However experiments to date have not revealed the
actual frequency of an incomplete Ibc fraction tn
group B streptococcl, or the impact that this
observation may have on the classification of the
bactena

The techmical assistance of Mrs Augusta Nass 1s greatly
apprectated
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1l of the supermatant of disrupted GC organisms (200
mg mi 1of the wet weight see above)n the anugen well

The seference gel contaned § i per cm? of the undituted
anty GC antiserum The second dimension electrophore

srs Was T overnight with a potenual gradient of2V
cm | The anugen wells were filled correspondingly for
R LIE and with corresponding amounts of antt [}

antserum In the reference anubody gel The intermedsate
gels with anugen contaned 4-5 mg dissupted GC eells
per cm? and those with absorbed antt GC anuserum 16
Wl per em?

After electrophoresis the plates were washed over
rughtin saline then for 10 min 1n d stlled water pressed
under moist filter paper and soft blotung paper dried
and finally staned with amido black or Coomassie
brilliant blue (3)

Co agglutination (COA}

The production and stabilizanon of protein A
contauming staphylococt: 1o make COA reagent followed
the procedures described by Kromwal (17) For coaung
of the st2phylococet with anubodies 1 ml of a 10%
suspension (w/v based on the sediment obtawed after
centnfugation at 2 500 g for 15 min) was added to 0 1
mt of undluted or twofold dluted unabsorbed or
absorbed rabbut anu GC antserum  After muxing the
suspension the staphylococct were washed twice and
suspended (or L% {¢/¥) 1n PBS conmiung 0 1% {w/v}
sodium azide In this way 10 ml reagents were obtained
from 01 ml serum Control reagent consssted of
suphylococc: uncoated or coated with gammaglobuln
from normat abbit serum The suspensions were stable
for at least 3— months when stored at +4° C

COA 1es1s were performed with GC organisms grown
for 18-20 h on CMT medim One drop ofa | % (w/v
wet wheight after centnifugauon at 2 500 g for 15 min)
suspension of GC cells in PBS or 3-6 colonies collected
wihaloop was mixed thoroughly on a glass side with
one of two drops of reagent staphylococet The slide was
then ulted approximately once a second for 2 mun and the
reaction was read 1n oblique hght COA tests were
carried outun the same way with 2 | % (% /¥) suspension
of GC cells treated by heat at 100° or 120° C for 60 mun
or with the supernatant or the sediment afier ceatrifuga
uon at 15000 g for 30 mun} of cells somcated as
deseribed above Negative reacuons were graded or £
weak reactions +  moderately strong + + and strong
orvery strong + + + The + + and + + + reactions
usually started 10 appear within ane man and gradually
became suonger within the nevt munuwte The +
reactions usually toak 2 mun 1o appear

Ind rect fn mun fluorescence (IFL)

IFL tests were carried out with whole untreated GC
Cells e wuh cells treated by heat 2t 100° € or 120° C
GC cells at an approumate concentration of $ x 107
mld wece placed on 3 girenlar area fabowm 1 ¢m ) on
ord nary microscopie glass shides dried 1n air and
fxed by heat Unabsorbed or absorbed ;u“gucy
anuserum was diluted 1 ofold with a starung dilution of
L 19 One dsop Gapprocimately 0 03 mb) of each diluuion
was placed on the cells The shdes were then kept at

room temperature 1 a moist chamber for 20-30 mn
and washed twice (2%$ mn} m PBS afier winch
fluorescern tsottuocyanate labelled sheep anti rabbit 1:G
(Catbiocher) was apphed This conjugate had 2 weight
F/P rato of 8 5x 10 3 with an antbody concentraton
of 18 mg ml ! It was used at a diluuen of 120 as
ascertamed by checkerboard titration (4} After a reacuon
tume of 2030 mun the shdes were washed and mounted
under cpver glasses in the usual way Microscopy was
carried out with a Zetss RA Tl Nuorescence microscope:
equpped with an Osram HBQ 200 tugh pressure
mercury lamp and a dark field condensor BG3 was used
as primary and Zens 47 as secondary filters The tests
were read at a magmficaton of 400 x and the rexcuons
were graded as — 1+ 2+ 3+ or 4+ as described
previously (7 B) Reacuons read as 3+ or 4+ were
considered positve

RESULTS

Crossed Immunoclectrophorests
Examples of CIE tests of GC antigens with their
fiomologous rabmt antisera are shown in Figures §
& 2 The number of precipitn Itnes was dependent
on the antiserum used Three to four and up to 20
lines were formed with some of the homologous
GC antigen antibody combinations and numbers of
bands varying between these extremes With others
Anusera from rabbits ymmunized with antigen 1n
Freunds adjuvant regularly gave more precipiin
hines than those from rabbits immunized by (iv)
route only Precipsm bands obtamed with homolo
gous antigens were also demonstrated with the
I anugens thus confj the presence
of commen antigens (8 11 14 23) However
o

rroardtoce Al

M auugen well and the other 1owards the anode
appeared regularly m CIE tests of the various
antigens with homologous or heterologous antisera
1n the reference antibody gel

Con AT s

1

= u€ g vecause of the complexity of the
precipitin Lines demonsirated C LIE and R LIE
tests With antigen contatmng intermediate agar pet
as described by Axelsen et al (3) were therefore
performed  since these techmques  permit the
demonstration of strain-specific antigens in complex
systems  The overall results of these tests are
summarzed 1n Table 1 The homologous GC
strains formed a speaific precipin Iine with therr
homologous antibodies when Somcated cells of one

<7



with the strain specific antigens demonstrated by
cross hine and rocket ine immunoelectrophoresis of
disintegrated organtsms

MATERIAL AND METHODS

Netsseria gonorriocae strams

Four GC strans with our provisional designations
GC 670 GC EJ (both of auxotypes Arg~ Hyx Ura )
GC SOA (Pro Met Jand GC 505(auxotype Zero) were
used mn this study (auxotypmg kindly performed by Dr
{ Afoberg Natonal Bacteriglogy Laboratory Stock
holm) These Strains had been selected from a group of
I7 straips on the pasis of serological diversity In the
fotfowng they wil{ be referred to as strains 4 8 € and
D respectively All strains were solated from genttal
specimens in 1973 at our labaratory 1n Orebro Sweden
strain 4 from 2 fermale with dissemunated gonococeal
nfection stram § from a patient with acute salpingitis
and strains € and D from two males with uncomplicated
gonorrhoea The infection With stram C was acquired 1n
South East Asia the others 1h Sweden

The GT orgamsms were 1solated and 1aennfied as
described previously (9 10) Colomes were transferred
after first ar second subculture on the colony morpho
logy typing medium (CMT) described by Aetlogs ef ol
(167 for selecting the virulent colony morphology types
T1/T2 and the avirulent T3/T4 For the subsequent
expenments the virulent colony types fulfined tae criteria
of T2 according to Kellogg et al (16) while the avirulent
were a mixture of T3/T4 Alffer a mmimum number of
subcultures (usually 3-7 for T2 and 10~15 for T3/T4)
the strains were suspended 1n trypucase soy broth and
stored 1n small tubes at ~63° C Small aliquois were
taken from these tubes with a platium loop or Pasteur
pipette and recultured on the CMT medium when
needed

Gonococcal Antisera
T2 colony morphology types of the four GC strains
were cultured on the CMT medym for 18-20 h in
candle jars at 35°=36° C The orgamisms were harvested
n stertle saline  treated with formaln as described
previousty (7) and adjusted 1o a concentration of
P! ately 4 x 10% organisms ml ! ding to a
AMcFarland scale Groups of eight rabbits were immum
zed With each of the four GC straims s follows One
group of tabbits (wo for each swan) was injected
subcutanously with GC orgamusms mived with an equal
part of complete Freund s adjuvan Smland | Omlin
each nd and fore leg respecuvety A Series of four
Intravenous (v} injections were gisen 4--8 weeks later
the first dose 0 25 ml and the fotlowing doses evesy 34
days increasmg to 05 1 0 and 2 0 m! The rabbus were
bled 7~10 days alter the ast tjeci on Andiher group of
eight rabbts {two for each GC strain} were immunized
by the intravenous route onjy With doses and Lme
intervals as above These rabbits were g en two senes of
injections {n) with two weeks Test berseen They
were bled 7—10 days after the Jast ajecion Both antisera
and preimmune sera wWere stored an ahquots of 1 mtat

cr

—40° C After thawing merthiotate (1 10 000) was 2¢
ed to the serum which was then stored at +4°Ca
used within a period of 4-6 months

Absorptions of antisera were pesformed with on
misms (250 mg ml ! wet weight) suspended 1n phosph:
buffered saline (PBS) pH 72-74 and distupted
sonicatton With a 100 watt MSE 2pparatus operated
maximum efficiency as described below under CL
and R LIE tests One volume of undiluted serum »
mied with one volume of somicated organsn
concentrated by negative pressure dilysts correspon
ng to a wet weight of 1000 mg m! ! whole cells T
mixture was incubated 11 a water bath ag 37° Cfor
hours and 1n the refnigerator overnight Absorb
antiserum was recovered by centnifugation twice
30 000 g for 30 min In this way the absorbed antisera
was diluted [ 2 Additional absorpttons were somet m
carried out with formalin treated whole cells One part
antiserum Was mited with one part of packed celis {afi
centrifugation at 2 500 g for 15 min) 1ncubased at 37°
Tor 3~4 hours and then recovered by centrifugation

dnununoclectrophoresis
Crossed rnmunoelectrophoresis {CIE) and crosse
Line and rocket line immunoelectrophorests (C LIE at
R LIE) wth antigen of antiserum contatmng intermed
ate agar gel were carried out as described by Axelsen
al (3) using the miccomodification With §x 5 cm gl
plates An electrophorests apparatus cooled with water
15° C was used The barbutal buffer (LB Bromm
Sweden pH 8 6 sonic strength 0 1)1n the electrophores
vessels was recirctlated to mmsmyze changes of the pH1
the buffer The electrophoreses were run i 1% (/'
agacose (Mites fot SC 3) contmning LRB barbt
buffer pH 8 6 tonic strength 0 025 The areas covert
by reference antibody gel i CIE tests (Fig 1 and 2w
approxmately 17 5 ¢cm” and those covered by interme
diate gel and reference antibody gel i C LIE and R L
tests (Fig 3 and 4) approumately 5 and 125 om
respectively
The antigens used in the immunoetectrophoresis &<
were derived from cells scraped from pistes contasey!
more than 904 colony morphology type colomes Tt
cells were suspended 1n barbital buffer 1250 mp mt lwe
weight) and disrupted by sonic treatment with a {68 %3
MSE ultrasonic apparatus operated at magmal effitiess
for pertodic intervals of 30 5 The suspensions becant
transparent after somicanon for a total of 150-740 ¢
Smears stuned by Gram or immunofluorescence techtt
ques showed 100 ¥ distntegrauon of the cetls Referenc
antigens were tested 1n concentrations from 123 m
mi |~ 400 wg wl 1 (calculated from the wet weight o
cells centrufuged at 2 500 g) and i was found that 20
me tal ! gave optimal results Tests with this crud¢ ant
gen gave the same precipitin patiern 2s the supernatan
{abtained after centrifugation at 30 000 g for 20 mun!
which was subsequently used since 1t made interpretatiol
of formed precipiin lines easter GC antigen reated by
heat at 100° C or 120° C for 60 min was used 1 som¢
of the expertments
The first dimension of CIE or C LIE was carried ou
with a potential gradeent of 6 Vem ffor 45 mun wiih 10
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 of the supermatant of dssrupted GC orgamsms (200
mg mt T of the wet we ght see above) in the antigen well

The reference gel contamed 8 pl per cm? of the uadiluted
anti GC anuserum  The second dimension electrophore

sis Was run overmight with a potential gradient of2V
cm | The anugen wells were Mled correspondingly for
R LIE and with corresponding amousts of anu GC

antiserur 1 the reference antibody gel The mermediate
gels with antgen contamed 4-5 mg disrupted GC cells
per cm? and those with absorbed an GC anuserum 16
ul per cm?

After electrophoresis the plawes were washed over
aught 1n saline then for 10 mum in distilled water pressed
under most fifter paper and soft blotung pager dred
and finally stamned with 2mido black or Coomassie
britlant blee (3)

Co agglutnation (COA)

The producuon and subifzaton of protem A
containimg staphylococe: to make COA reagent followed
the procedures described by Krorwall (17) For coating
of the suaphylococer with anubodies 1 ml of 2 10%
suspension {w/v based on the sediment obtamed after
centnfugation at 2 500 g for 15 mun) was added to 0 1
ml of undilued or wwofold diluted unabsorbed or
absorbed rabbit any GC antiserum  After miung the
suspension the siaphylocoeer were washed twice and
suspended for 1% (v/v} i PBS containg 0 1% (w/v)
sodiim azide In this way 10 mi seagents were obtaned
from 01 ml serum Control reagent consisted of
saphylococer uwacoated or coated wuth gammaglobulin
from normal rabbit serum The suspensions were stable
for 2t least 3~ months when stored at +4° C

€04 tests were pesformed with GC organisms grown
for 18-20 h on CMT medium Onedropofa % (w/v
wet whesght after centrifugaton at 2 500 ¢ for 1S mm

w ¢l u wd approximately once a second for 2 min and the
Teaction was read i obhique light COA ftests were
carTied out 10 the same way witha 1 ¥ {w/v) suspension
of GC cells treated by heatat 100° or 120° C for 60 min
o Wiih Wit supernatant or ihe sediment lafter centrifuga
ton at 15000 g for 30 mun) of cells sonicated as
described above Negalive 1eachions were graded —or *
wesk reactions +  moderately stong + + and srong

Teervalrong + + + The 4+ + and + + + reacvons
usally started to appear wathin one mun and gradually
became stronger within the next mumuie The +
reacuons usually took 2 min to appear

Ind vect Immunofluorescence (IFL)

IFL 1655 were carried out with whole untreated GC
celis or wath cells treated by heat at 100° C or 120° C
GC cells at an approumate concentration of § x 107
T | Wt Piaed on 3 circular area Ghout § om 3 ~n

room temperature 1 & moist chamber for 20-30 mun
a:: washl:i wice (2xS mun) in PBS after which
fluorescein isothiocyanate labelled sheep anl rabbit G
{Caltiochiem) was apphied This conjugate had 2 weight
F/P ratio of 8 §x 10 3 wath an antibody concentration
of 18 mg mt b It was used at 3 dileton of 120 as
ascertamed by checkerboard ttration (4) After a reaction
tume of 20-30 min the stides were washed and mounted
under cover glasses mn the usual way Microscopy was
carpied out with 3 Zesss RA 11 Quorescence mecrascope
equpped with an Osram HBO 200 high pressure
mercury lamp and a dack field condensor BG3 was used
as pnmary and Zesss 47 as secondary filters The tests
were read 2t 2 magnuficauon of 400 x and the reacyons
were graded as — |+ 2+ 3+ or 4+ as described
previously {7 8) Rescuons read as 3+ or 44+ were
considered posiuve

RESULTS

Crossed Immunoelectrophoresis

Examples of CIE tests of GC antigens with thewr
homologous rabbit antisera are shown mn Figures 1
& 2 The number of precipitin hnes was dependent
on the anuserum used Three to four and up ta 20
lines were formed with some of the homologous
GC antigen antibody combmations and numbers of
bands varying between these extremes with others
Anusera from 1abbits rmmumzed with antgen m
Freund's adjuvant regularly gave more prectpitin
nes than those from rabbits mmumized by (iv)
route only Precipin bands obtained with homolo
gous antigens Wwere also demonstrated with the
h anlgens thus the preseace
of common antigens (8 11 14 23) However
regardless of the total number of precipitin Iines and

= v wuldnd the other towards the anode
appeared regularly in CIE tests of the vanous
antigens with homologaus or heterologous antisera
in the reference anubody ge!

Crossed line and Rocket hne Immunoelectrophorests

Comparative CIE, tests of homotogous and
beterologous GC apugen anubody combinations
were unrewarding because of the complexuty of the
precipiun lines demonstrated C LIE and R LIE
tests with antigen contaiming intermediate agar gel
as described by Axelsen et af (3} were therefore
performed  since these techniques permut the
demonstration of Strain-specific antigens 1 complex
Systems The overall results of these tests are
summanzed i Table | The homologous GC
stramns formed a speafic Precipitin line with their
homologous anubodies when sonicated cells of one
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Fig I and 2 Schematc drawings (1 & 11) and photos of crossed immunoelectrophoresis tests of GC antigens with
homologous antt GC antiserum  The round basins A and C were filled with antigens of GC A 2nd GCD
respectively before the first electrophoretic run (arrow 1) the rectangular areas B and D with agarose contanmg
anttGC A and antt GC D antiserum before the second electrophoretic run (arrow 2) The heavy and regulacly
appearing precipitin lines with two peaks (see text) are marked with — Dashed lines on the draw ings mndicate pre-
cipitin Itnes which were fatnt but clearly visible on the original plates

of the other three heterologous strans were
mcluded 1 the intermediate agar gel Figure 3
llustrates the specific precipttin line formed 11t such
a C-LIE test It had two peaks one close to the
antigen well and the other towards the anode The
shape and position of this hand corresponded to the
one regularly formed 1n the CIE tests (Figures 1 &
2) but was less heavy Figure 4 demonstrates how
these stran specific antigens appeared as rochet
lines 1n R LIE tests which allowed examination of
antigens from sIx or seven SIrains at a tyme I one
microplate Figures 3 and 4 also show that the
common antigens between the examined strains in
the antigen wells and between those tn the
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intermedrate agar gel formed crossed lines of fused
rocket lines with the reference antibodies 1t %1l be
seen from Table | that there was an antigen
relationship between strains A and B when antigens
of strain D were included 1n the ntermediate agar
gel

Effect of Hear Treatment

The strain specific antigens demonstrated tn C-
LIE and R-LIE tests with heterologous GC antigen
m the intermediate agar gel also appeared after
treatment with heat at 100° C for 1 h, but not after
heating at 120° C
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d 0 C LIE cated GC cells in formed 1n C LIE and R LIE texis with
"andR LIE intermeduate gel A GCB oy GCD
A
Anu A 5 At
c plint
D plint pi/n
AnuB A riin
B
c pilnt
D pi/n piin
A pitnt
Anti C A e
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" v specific precipiun line formed an C LIE {See Fig 1)
fl speafic rocket line formed in R LIE (See Fig 4)
N e} rocket line formed was faint but clearly visible

C LIE Tests with Intermediate Agar Gel Contaimng
Specific Antbodies
CTm

fne with two peaks was formed which had a
DOSIE AN and nat o w .

P

Co agglutinanon and Indirect Immunoftuorescence
of whole GC Cells

COA and indirect IFL tests were performed with
whole untreated GC cells with unaly anty

COA and from 1 80~1 1280 for IFL. Any GCD
differed from the other antisera and gave sigmfi
cantly lower titres with heterologous organisms in
' - -

iy UL 0S¢ 1Irom the rabbits first Immunized with
GC organisms 1n complete Freund s adjuvant
Stnoe unabsorbed antisera did not discriminate
between the GC test strains COA and Indirect IFL,
tests were performed with ant GC antibodies
absorbed with homologou;
orgamsms The results of
zed 1n Tables 2 and 3 The tests were negative after
absorption of the anusera with their homologous
Abs:

hese tests are summar;

GC antisera as used 1n the mem -

v vevus vigdmisms varied from 1 (-1 20 for

with heterologous orga
ons with the organisms of
tle posiuve reactions Were
th the homologous ones

nisms abolished the reacty
the absorbing strains ‘whi

reacted with ant) C abs,
from Tables 3 and 4 y



Fig 1 and 2 Schemauc drawings (1 & 11) and photos of crossed rmmunoelectrophoresis tests of GC antigens with
fhomologous anti GC antiserum The round basins A and C were filled with antigens of GC A and GCD
respectively before the first electrophoreuc run (arrow 1) the rectangular areas B and D with agarose contaning
antiGC A and ant GC D anuserum before the second electrophoretc run {arrow 2) The heavy and regutarly
appeanng precipitin lines with two peaks (see text) are marked with — Dashed lines on the drawings ndicate pré
ciputin lines which were famnt but clearly visible on the original plates

of the other three heterologous strains were
included 1n the intermediate agar gel Figure 3
1llustrates the specific preciprtin line formed 1n such
a C-LIE test It had two peaks one close to the
antigen well and the other towards the anode The
shape and positton of this band corresponded to the
one regularly formed n the CIE tests (Figures 1 &
2) but was less heavy Figure 4 demonstrates how
these strain specific antigens appeared as rocket
lines in R-LIE tests which allowed examination of
antigens from six or seven strains at a ime 1n one
microplate Figures 3 and 4 also show that the
common antigens between the examined strains 1n
the antigen wells and between those in the
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intermediate agar gel formed crossed Iines or fused
rocket lines with the reference antibodies It will be
seen from Table 1 that there was an antigeni¢
relationship between strains A and B when antigens
of strain D were included 1n the intermediate agar
gel

Effect of Heat Treatnent

The stram specific antigens demonstrated 1n C-
LIE and R LIE tests with heterologous GC antigen
i the intermediate agar gel also appeared after
treatment with heat at 100° C for 1 h, but not after
heating at 120° C
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* ! specific preciprtin fine formed in C LIE (See Fig 3)

1 spearfic nrocket« hine Tormed 1a R LIE (Se¢ Fig 4

91 (xlk wrocket« line foremed was faing but clearly visible

C LIE Tests with Intermediate Agar Gel Comtmmng
Specific Anubodies

C LIE tests were also carried out with intermed:
ate agar gel coptaining holomogous GC antibodies
absorbed with heteralogous GEC strains A precipitn
bne with two peaks wag formed which had a
posiion and patiern corresponding to the stratn
specific fine (see Fig 4) demonstrated 1 C LIE tests

with heterologous aatigen sn the intermedidte agay
gel

Co and Indirect I

COA and from 1 80~ 1380 for IFL. Aot GC D
differed from the other anusera and pave sigmfy

AT tn 6 ear R

antisera from rabbus immunized by the Gv) rome

only o those from the rabbats first immunized wnh

GC organisms in complete Freund s aduvant
Since unabenrhord awr o~ s

w1 huinologous or heterologows GC

of whofe GC Cells
CIOA and mdirect IFL tests were performed with
whole untreated GC cells with unabsorbed any

ant camn

tests

gous

[S=1 o G aunon ot u | mi of anuserum to make
10 ml reagent staphylococer) and ipdirect IFL fitres
from 1 630-1 1230 The corresponding utres with
heterologous organisms vaned fram 1 1-t 20 for

The results of these tests are surtar
zed i Tables 2and 3 The tests were negative after
absorption of the antsers with their homologous
Absy with ke g arga
msms abolshed the reactions with the organisms of
the absorbing strains wlule posive reactions w ere
consistently obtawed with the homologous ones
Strans 4 and B crossreacted after ahsorpuon of
therr antisera with stratns € and D nd they also
reacted Rith ants € absorbed with D It can be seen
from Tables 3 and 4 thar the COA reactions here

g
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Fig I and 2 Schematic drawings (¢ & I1) and photos of crossed 1mmunoelectrophoresis tests of GC antigens with
homologous anui-GC antiserum The round basins A and C were filled with antigens of GC A and GCD
respectively, before the first electrophoretic run farrow 1) the rectangular areas B and D with 2garose contamning
anilGC-A and aptt GC D antiserum before the second electrophoretic run (arrow 2) The heavy and regularly
appearing precipitin lines with two peaks (see text) are marked with — Dashed lines on the drawings indicate pre
cpitin hines which were famnt but clearly visible on the oniginal plates

of the other three heterologous strains were
included n the intermediate agar gel Figure 3
Wlustrates the specific precipitin line formed in such
a C-LIE test It had two peaks one close to the
antigen well and the other towards the anode The
shape and position of this band corresponded to the
one regularly formed i the CIE tests (Figures | &
2) but was less heavy Figure 4 demonstrates how
these strain-specific antigens appeared as rochet
nines 1n R-LIE tests which allowed examination of
antigens from S1¥ Or seven stramns al a time 1n one
microplate Figures 3 and 4 also show that the
common antigens between the examyned stramns 1n
the antigen wells and between those 1n the
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intermediate agar gel formed crossed lmes or fused
rocket hines with the reference antibodies It will be
seen from Table | that there was an antigenic
relationship between strains A and B when antigens
of strain D were included 1n the intermedsate agar
gel

Effect of Heat Treatmens

The strain-specific antigens demonstrated i C-
LIE and R-LIE tests with heterologous GC antigen
n the intermediate agar gel also appeared afier
treatment with heat at 100° C for 1 h, but not after
heating at 120° C



[ABLE 2 Co eggluttnation Reactions of GC Organisms wath Reagent Staphy lococei Coated with Anil GC Antbodics
{bsorbed with Homologous or Heterologous Stramns of Newssenia gonotthoeae The Final Dilution of Absorbed Antiserd
Used for Coating of Staphslococci was 1 2 Reactions Graded as Described in Materials and Methods

Reagent stapbylococat

Co 2ggluunauon teactians

coated with absorbed 2?22’:: obtasned with
a0t GC antbodies GCA  GCB  GCC  GCD
Anu A A
B re
c P PO
b es ‘e
Anu B A + 4
B
c O ++)  +44
D 4 +4+ o+ +)
AnuC A POV
B PO
C
D v e ees
A D A T
B + +
c + 4+
D

*oce occasionatly Iests gave + + reactions

TABLE 3 Resufts of fadwrecs IFL Tests of GC Orgarusms with Antt GC Antibodres Absorbcd with Homologous or
Heterologous Strains of Neisseria gonorrhoeae Tirres > [ 10 are Indicated

Absorbed anu GC

indiect IF]
anusera used in Absorbing bL titres {reciprocal}
GC strain obtained with
wdirect FFL ——  cbuwmedwh
GC A GCB GC-C GCD
Anu A A
B 160
¢ 160 'y
D 160 4
60
[
¢ 160 660
D 160 640 160
T S

ﬁ 150
c 160
b 160 160 160
B 160
c 160
o 160

N R
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Fig 3 Schemauc drawing and photo of crossed hine

with antigen nterme
diate agar get Basiny A and B were filled with anugens
of GCD and GC A respecuvely before the first
electrophoretic run (arrow [} the rectangular area C
with agarose contaimng antt GC D anuiserum and area D
(intermediate Gel) with agarose wontainung GC A before
the second run (arrow 2) The antigens of GC A n the
intermeduate gel have formed crossed Iines {marked with
~+) 1n common with those of GC D Anugens of GC D
1 basin A have formed a speaific precipiun band wnh
o peaks The anugens of GC A w basin B formed no
precipiin band (see Table 1}

Fig 4 Photo of rocket lime immunoelectrophoresis
Basins 1-6 were Tilled with GC D (1) GC A GC B
(1) GC C{4) GC A (5) and GC D (6) the intermediate
agar gel contamning GC C anugen and the reference
antibody gel containing antt GC A before the electropho
et run  Antigens 1n the intermediate gel and 1n the
bastns have formed crossed lines with peaks representing
common antigen Antigens in basins 2 & 5 (GC A) have
formed specific, rocket Lines indicated by ~

o

were weaker or variable, and the indwect IFL ttres
sigmificantly lower

A comparison of the results grven in Tables 2 and
3 with those of Table 1 shows that COA and
indirect [FL tests of whole cells with absorbed
antisera were congruent wuth the results of C LIE
and R LIE tests with antigen containing intermed
ate agar gel

COA and Indirect IFL of GC Cells Treated by Heat

GC cefls treated by heat at 100° C for 1 h gave
the same reactions as the untreated cells with the
reagent staphyloccocer coated with absotbed anubo
dies The reactions with the heated GC cells were
generally even more clearcut, and + + reactons
With untreated cells were often read as + + +
COA tests of GC cells treated by heat at 120° C for
1 h were regularly negative with the specific reagent
staphylococer

Indirect IFL tests with absorbed antisera gave the
same results with GC orgarusms treatd by heat at
100° Cfor | h as with the untreated However cells
{reated by heat at 120° C appeared differently and 2
typical peripheral staining could only occasionally
be seen

€04 and indirect IFL with GC organmsms of colom
morphology yypes T3 /T4

Indirect IFL tests with unabsorbed or absorbed
antisesa were simalar with GC cells of colony
morphology types T3/T4 as with those of T2 In
this respect the COA reactions differed from thost
of IFL. As can be seen from Table 4 the reacuons
with reagent staphylococe: coated with unabsorbed
or absorbed anubodies were read as weak of
negattve with untreated orgamsms of TI/T4
colontes mn contrast ©© + + + reactions with thos¢
of T2 colonies The table shows however that aftel




OA tests but they agglutinated after being
:‘;\fd 2t 100° C for 1 b #¥idson (30) also described
\magglutmable GC organusms which were not
however referred to colony morphology types at
that ume Noteworthy are also the COA reactions
of straips A and C with absorbed ants B antibodies
obtamed occasionally (Table 2) Further studies
have shown fhat this may be due to the ocourrence
of colour/opacity colonial variants of T2 orgausms
described by Swanson {26) (Damelsson & Sand
strom 10 preparation)

An mdirect IFL techmque the so-called micro-
immunofluorescence test was used recently by
Wang er al (29) for serological chassification of GC
straims With the use of cross absorbed anu GC
antsera we found the standard indirect IFL
techmique useful for serological dufferentiation of
GC strans The results agreed with the stram
specific anugens demonstrated by CUE R LIE
and COA Like Wang et al (29) we found the
resulis 10 be dependent on which GC strams were
used for absorbing the antisera Our findings Iike
those of O Reilly et al (21} and Wang et al {29)
mdicated that some GC strains have a broader
antigenuc spectrum than others

Recently Smyth et al (24) were able to
differentiate GC membrane antigens from those of
protoplasmic origin by the use of CIE which has a
hugher resclutton than the Quchterfony method for
studying precipitating antigen anubody systems (3)
To our knowledge the present work 15 the first
report of strain spearfic GC anugens with C LIE
and R LIE using the antigen intermediate agar gel
techmque The R LIE was found to be useful for
comparattve studies of antigens from several GC
strams 2t 2 tme This wethod was 2150 Somewhat
more sensiuve than CLIE for detecting cross
™atupg anugens These immunoelectrophorests
techmques 1n combination with COA and IFL
methods have a great potential use for serologcal
studies of anugeme fTactions and whole cells of
Newsseria gonorrhoeae OTganisms treated in various
ways by physical or chemical means

The precipitin knes demonstrated by C LIE and
R LIE to represen strawn speailic antigens indicated
complexity It 1s of interest to note however that
their basic pattern was similar for the four GC
Strans stedied  Antbodies reacting with these
anugens were also demonstrated regulatly s the
séra of rabbus hypenimmuntzed with antigen in
complete Freunds adjuvant or by the {v) route
only This was tn contrast to the other precipitin
‘zms (he appearance of which Was dependent on the

nuserum used Our findings indicate therefore

that the stram speaific antigens were nghly immu
nogenc

-
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TABLE 4 Co-agglutination Reactions of Untreated and Heat
treated GC Orgamsms of Colony Morphol
and T3/T4 with reagent Staphylococer Coated with Unabsorbed or Absorbed Anufgc Jnf:;;i (ol

;\‘ne;t stlram Treatment Anty GC-A A GCC
colony of cells Not Abs with Not Abs
orpholo; ye
morphology abs GC-B abs GCaA
GC-A, T2 None ++ 4 ++ 4+ + 4+ -
100°C ++ 3+ + 4+ + + o+ o+ -
GC-A.T3/T4 None * -~ + -
100°C + o+ + 4+ + 4+ -
GC-C. T2 None + 4+ +++ 4
100°C ++ 4 - +++ +++
GC-C, T3/T4 None E3 - = -
100°C +++ - + o+t + 4

heating of the T3/T4 cells at 100° C for | h, the
reactions were congruent with those of the untrea-
ted or heat-treated T2 cells

Relationship of Strawn-specific Antigens

Demonstrated tn C-LIE, R-LIE and COA
Experiments were carried out to study the

relationship of the strain spectfic antigen(s) demon-

29) These observations were confirmed m the
present mvestigation, and bath common and steain
specific antigens were demonstrated by two immt
noelectrophorests methods, C LIE and R-LIE of
disrupted prganisms, and by mdirect IFL of wholt
cells Corresponding results were also arrnved at by
the COA technique, which we found to be sensive
rapid and sunple Moreover, this techmque needed
1o special eq

strated 1n C-LIE and R LIE tests with d
antigens to those shown by COA tests with whole
GC orgamsms

Reagent staphylococct coated with absorbed anti
GC-A anttbodies (absorbed with stram C and
reactive only with A, Table 2) were used as
immurnosorbent and were mixed with soncated
cells of stratn A A control test was performed with
uncoated staphylococct The mixtures were incuba-
ted at 37° C for 2 h, after which the staphylococct
were removed by centrifugation Both the immuno
sorbed GC-A antigen and the control antigen were
then tested m C-LIE and R-LIE with stram C
antigen 1n the intermediate gel and with antt GC-A
1 the reference antibody gel The strain-specific ine
was formed with the control antigen but not with
the immunosorbed antigen A COA test with
specific reagent staphylococc and sonicated antigen
was postuve before immunosorption but negatrve

The herent autoaggluttnation of both viulent
and avirulent GC cells (16, 25) have made
serological studies of these orgamsms by classicd)
agglutination methods unrewarding (27, 30) The
COA method offers an advantage from thts point of
view, since 1t 15 not influenced by autoagglutinaung
bactersa {6, 10, 17) Tt can also be used to sy
soluble anugemic fractions or antigens of disrupted
organsms as shown 1n the present work and by
others (17 20) COA studies of whole cells of
pneumococer {17), streptococey (6) mycobacter?
(15) and mentngococc: (20) have shown that ¥#
specific antibodtes coated on protein A-containié
staphylococct react with surface antigens expressit?
serogroup or Serotype specificrues 1t may "
assumed therefore that the stran specific antigenS
demonstrated by the COA method and by the other
two immunologtcal techpiques used were probably
of the outer membranes Our resuls

afterwards Correspond ption experi-
ments with the other three GC antigen-antibody

systems gave stmular results

DISCUSSION
The Ouchterlony method and direct and mdirect
IFL techmiques were used i Previous studies to
demopstrate antigenic  stmilafity and diversity

among strains of Neisseria gonarrhocac (8, 12, 14,

indicated that they were resistant to heat at {06° c
put not at 120° C It1s worth notng that the stra”
specific antigens demonstrated by C-LIE and R-LIE
could be removed by immunosorption with reagent
staphylococer coated with the corresponding strain”
speafic antibodies

1t 15 of interest that untreated gonococa of colony
morphology types T3 and T4 were mmagglunnable in



A tests but they agglutinated after being
‘h!:tccdil 100° Cfor | h Hilson (30) also described
inagglutimable GC orgamsms Which were not
nowever yeferred w0 colony morphology types at
that e Noteworthy are also the COA reactons
of strams A and C with absorbed ant B antibodies
obtatned occasionally (Table 2) Further studies
have shown that this may be due to the oocurrence
of colour/opacity colopual variants of T2 organisms
described by Swanson (26) Danwelsson & Sand
strom in preparation)

An indirect IFL techmque the so~called mucro-
immunofluorescence test was used recently by
Wang es af (29) for segological classificatson of GC
strams With the use of cross absorbed anu GC
antisera we found the standard indirect IFL
techmique useful for serotogical dufferentiation of
GC strams The results agreed with the Stram
specific anugens demonsirated by C UE R LIE
and COA Like Hang et al (29) we found the
results to be dependent on which GC straws were
used for absorbing the antisera Qur findings like
thase of O Redlly er ol (21) and Bang et al (29)
ndicated that some GC stramns have a broader
antigensc spectrum than others

Recently Smpeh et al (24) were able to

studying precipitaing anugen antibody systems {3)
To our knowledge the present work is the first
report of stramn-specific GC antigens with C LIE
and R LIE using the anugen intermediate agar gel
techmque The R LIE was found to be useful for
comparative studies of antigens from several GC
strains at 3 yme This method was also somewhat
more sensittve than C LIE for detecting cross
reacing antigens These immunoelectrophorests
technigues 1 combnation with COA and IFL
methods have a great potenual use for serological
studies of antigemic fractions and whole cells of
Neusseria gonorrhoese orgamisms treated 10 vanious
ways by physical or chemical means

The precipitin Lines demonstrated by C LIE and
R LIE to represent stram-specific antigens indicated
complexty 1t 15 of interest to note howsaver that
therr basic patlern was smlar for the four GC
Strans studied  Antibodies reacting with these
antigens were also demonstrated regularly n the
sera of rabbits hypenmmunized with antigen 1n
complete Freunds adjuvant or by the (v) route
only This was 1n contrast to the other precipitin
lines the appearance of which was dependent on the
anuserum used Ovr findings mdicate therefore

that the strain specific antigens were highly tmmu
nogenye

Tius work was supported by grants from the Swedish
Medical Researh Council (Projest ho 4778) and from
the W orld Health Organszation. We are 1ndebled 1o Mrs
G Malmros and Mrs M Jursirand for techmeal
assistance and to Miss £ Guatavsson for typing ihe
manuscript
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EXPERIMENTAL ACUTE SALPINGITIS
IN GRIVET MONKEYS
PROVOKED BY CHLAMYDIA TRACHOMATIS

K TORVALD RIPA BIRGER R MOLLER PER ANDERS MARDH EVVIAD A FREUNDT
and FLEMMING MELSEN

Insttute of Medical Microbrology Unuversity of Lund S 223 62 Lund Sweden and Depariment of
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Ripa k T Voller B R Mirdh P A Freundt E A & Melsen F Frperimental acute salpingitrs

I grivet monkeys provoked by Chlanndia trachomatis  Acta path microbiol scand Sect B 87 65—
70 1979

Chlamydia trachomans 1s a common cause of sexually transmutted diseases Recently it has been shown
that are also for to such lower gemtal tract infections In this
study 1solates of € frachomans from the fallopian lwbes of patients wih acute <alpingits were
wnoculated direct into the fallopian tubes of two and through the cervical canal into the uterime cavity
of one grivet monkey The evpenmental mfections resutied 1n a seif hrited acute satpangins i the three
ammals € rrachomatts was tecovered from the monkeys 2 and 3 weeks post inoculatton As found at
liparotomy the infected tubes were swollen and reddened and there was watery exudate 1n the
abdominal ostra Microscopically cellular infiltrates — mainly lymphocytes ~ were seen in the mugcosa
muscularis and subserosa of the whes Serologically a primary anubody response with an IgM o 15G
conversion was found Salpimgius did not ocour 1n 2 control monkey nocutated 1n the tubes with a
medum lacking Chlamdia The histological changes 1n the fallopian tubes of the infected monkeys
Were reminncent of those described as bemg charactersstic of »>gonococcal « salpingatis in man The
fulfilment of hochs postulates 1n the ammal model used adds to the earher evidence that ¢
frachomatis 15 capable of causing acute salpmeutis 10 humans

Key words Chlamd g irachomans salpingits experimental infection

K T Ripa tnsttute of !

fedical Microbsology Unnersity of Lund Solvegatan 23 $223 62 Lund
Sweden

Accepted 2s submitted 11 x 78

Acute salpingitis senerally a comphication of
sexvally transmitted lower genital tract nfection 15 v -
a disease with an ncreasing incidence Chlamydiae '
gonococct  mycoplasmas  and strictly  anaerobic
bactenia have all been considered 1o be etiological
agents of thus disease {6 9 |y

Expenimental genital infections with C tracho
S

intections ol the falloy
an
In studies on the role

ptan tubes by mycoplasmas

Chlamyda trachomans 15 noy believed to be the
most common cause of Sexually transmatted disea
ses both 1n Europe and 1n the US (1 14 15) A

€ trachomans wfection a5 ndicated
studies including 1solations f,
ao

by culture
om the fallopran tubes

of chlamydiae 1n acute

salpmgitis we noculated C trachomans mto the

fallopian tubes or 1nto (he



MATERIALS AND METHODS

Monkeys Four female grivet monkeys (Cercopethecus
gethiops) which had been captured in East Africa were
used They had been kept 1n quarantne for a minmum
of & weeks before use 1n the expersments Duning the
perjod the k were housed
wdvidual cages in an 1solated roony They were fed with
a commercial primate food supplemented with fresh fruy
and water At the start of the experiments their weights
were 2 0-2 3 kg
Chlamydial sirains Two straws of C  trachomans
immunotypes k and I which had been 1solated from the
faltopian tubes of two patients with acute salpingitis
were used The strains had been isolated on cyclobexum
de treated McCoy cells (13) and passaged twice in the
yolk sac of embryonated hens eggs After the second
passage the yolk sac material was frozen to —§0° C asa
20% suspension in sucrose phosphate buffer (2 SP) (7)
containing 10 pg gentamicin and 2 § pg amphotenicin B
per ml The two suspensions contamned 2 x 105 inclu
sion forming umts each of chlamydiae per m! A 1 {00

On each day of laparotomy spectmens were collecad
with swabs from the cul de sac the abdomtnal ostum of
the fallopian tubes and from the cervix The specimens
were studied for the presence of chlamydize mycoplas
mas and bacteria From the monkey inoculated into the
utering cavity biopsy specimens from the tubes Sure
cultured for chlamydiae

Blood samples were taken from the femoral artery on
the days of laparotomy and on day 2§ p1

Culture studies € trachomans was coltured us g
cycloheximede treated McCoy cells as described earl ¢
(13) The culture techmque for M homms has by
described in detail elsewhere {11) Cultures for bacterz
were made on blood haematin and lactulose bromihy
mol blue agar plates and in bramn heart infusion broty

Serological studies The presence of serum antibodies
to C trachomans was studed using 2 micro immunofly

test (16) F h conjugted

rabbit ant human ant 1gG and anti JgM globuly

(Dakopatts A/S Copenhagen Denmark) were used The

monkey sera were titrated 1n twofold dilutons The
lowest dilution used was 1 8

Histol { studies The ttssue specimens were fited

ditution of the yolk sac n buffered
saline was used to infect the ammals A yolk sac
specimen from a non infected egg was treated 1n the
same way and used to moculate the control monkey
Sampling before inoculation Before the expertments
were started swabs were collected at three consecutive
occasions from the throat the cervix and the rectum
The sampling was made when the amimals were under
general anaesthesia using ketamine chioride (hetafar® §
mg/kg 1m) The samples were studied for the

i [0% formalin and processed by stawming Wih
hematoxylin and eosin

RESULTS

General condition leshogyte count ESR and body
temperature Duning the expenimental peniod the
general condition of the four monkeys remaind
ed No rnse m rectal temperature was

occurrence of C rrach and Af) homims
In addition cervical specrmens were studied for Tricho
manas yaginalis

Blood samples for antibody deternunations leukocyte
counting and determination of the erythrocyte sedimen
tatton rate (ESR) were taken under general anaesthesta
by puncture of the femoral artery in the ingumal region

The rectal temperature was recorded daly with a
thermustor

Infection of the monkers The animals were anaesthet
zed wsmg 015 ml pheynylchidine hydrochlonde
(Sernylan® 20 mg/ml) 0 5 m! chlorpromazine {0 25 %
solution) and 0 2 ml atropine (0 1% solution) Surgery
was performed under aseptic conditons as described

5.

observed The monkeys gamed 01-02 kg W
weight during the mvestigation period of 84 days

The ESR was moderately elevated on days 34
1n aif three monkeys noculated with C trachamatts
viz from 1 to 13 mm from 2 to'8 mm and from 1~
24 mm respectively The leukocyte count in the
same monkeys increased from 9300 to 13800 from
6900 to 8000 and from 6500 to 7600 per mm'
from days 7-14 In the control monkey ESR was®
to 4 mm There was no change in the feukocyle
counts

Gross lesions No signs of mnflammation of the
f: tubes were scen on day 3 p1 Four davs

glsewhere (11} Of the ¢ X 02 m
(corresponding to approximately 200 inclusion formmg
umis) was snjected 1t the lumen through the wall of the
jateral part of each fallopian twbe using an 08 mm
needle One monkey was mnoculated with C trachomaus
ymmunotype | and another with immunotype K The
control ammal was injected with the non mfected yolk
sac specmen tn the same way One monkey was
snoculated through the cervical capal into the uterine
cavity with immuroty pe K

Assexsment of lesions and collection (f specimens
Laparotomy was performed as described above on days
37 14 21 35 56 70and 84 posnn[ccuon(pl)()nau
days mentioned biopsies were taken from the tubes and
the parametria by means of a 2 mm surgical ear forceps

jater the tubes were swollen and reddened and
exudate appeared in the abdomnal ostia of the tubés
— findings which were farrly unchanged on day 1%
and 21 p1 Thereafier the gross lesions regressed
On day 35 the tubes looked virtually normal On
days 7-35 p 1 a serous watery exudate was found in
the abdominal ostia of the tubes and in the cul-de
sac Purulent exudate never occurred The parame
tria the ovarwes and the ulerus were macroscop
cally mvarsably normal throughout the experimen
tal pertod Cystc structures did not develop

In the control monkey no inflammatory changes
were found 1n the tubes and parametria
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Figures 1-4 are histological sections of monhey uterine twbes stained with hematosylin and cossn Figures 1-3 are

from a monkey 1n0culated 1nto the faffopizn

umts of C trachomatis ymmunotype K

Fig I Section of a normal tube a1 day of fecvon % 40

be with 200 mclusion formng units of C srachomats immunotype h
Figure 4 15 rops a monkey thoculated through the cervical canal into the uterme

cavity with 200 inclusion forming

Fig 2 Early inflammatory reaction savolving the epithelium and subepsthehial connective ussue Exudate in the (ubal

tomen Day 7 post infecton X 100

Fig 3 Pronou il of
infection % 60
Frg 4 Pronounced

nssue and partly of the muscular layer Day 14 post

y unfiltrate m the
tnfection x 10¢

He

findings Py Gt

ussu¢ and partly 1n the epuhelum Day 3 post

changes of the fallopian tubes were found in the
wnfecied monkeys Already on day 3 pr there was
an wfittrauon of the subepithehal tissue partly
twvolving the epithebum  wath abundant lymphocy
tes and some polymorphonuclear leukocytes The
cellular infiltration extended 1nto the muscular
agers The wohal epwhaloom was morpnologically
intact and no €tudate was seen in the fubal lumen

On day 7 p1 2 marked wflammatory nfiltrate
mvolved the mucosal epithelium which Was injured
1n some areas The mucosal folds were oedematous
and infiltrated with lymphocytes The wnflammatory
reaction involved the subepirhehial conpectyve issue
ln the lumen an exudate containg Symphocyles
and small clusters of ¢ juamated epithellum was

seen The 1 {indings during the following
3-4 weeks were substantially unchanged Op day
35 a moderate celtular infiltration was found in the
epitheliim 2nd mn the mucosa The epithebal lining
of the tubes was then pracucally mtact An exudate
was stll found 1o the lumen The mflammavon
declined during the subsequent weeks but o day
$5p1 2 small number of mflammatory cells were

ot Monram —

In the fallopian tubes of the control monkey only



2048
10244

nal ostia of the tubes or from the cul de sac from
these two animals From the monkey moculaed
nto the uterine cavity C trachomatis Was recove
redonday 21 pt from tubal biopsy and cul-de sze
specimens The strains recovered from each animal
were of the same immunotype of C rachomatis z
that used to infect the ammal On no occasion
chlamydiae were detected 1n the control monkey
Neither mycoplasmas nor bacteria were recovered
from the tubes or the perrtoneal cavity of any of the
four monkeys

Antibody deternunanions No IgM or 1gG antibo
dies to C trachomans were detected 1m serum
samples taken before mfectton IgM antibodies
reacting with pool Il m the test system {contamning
antigens prepared from C trachomats mmunoty
pesD E F G H I and K) were detected on day 14
p1 m the two monkeys infected with immunotype
K and on day 21 p1 mn the ammal nfected with

7 1421 28 3542 49 56 63 70 77 84
DAYS

Fig 5 Reciprocal IgM (@ —@) and IgG (@ ——- @)
antibody titres to C trachomans 1n three grivet monkeys
moculated with immunotype T (A) and K (B) mio the
uterine tubes and 1mmunotype k (C) mto the uterine

cavity

shight inflammatory changes were found mn the
subserosa The muscular Jayers the tubal mucasa
and epithelum showed no signs of mflammation
throughout the experimental period There was no
exudate in the lumen

The parametriza of all four monkeys studied
presented grossly no signs of inflammation The
istological examnation revealed only a moderate
mflammatory mfiltcation of the subserosa No
oedema or hyperaemia mvolved the tissues studied

Culture studies Before infection no chlamydtae
or mycoplasmas could be isolated from the throat
the cervix or the rectum of any of the four monke3 s
C trachomans was isolated from cervical specimens
from the two monkeys inoculated direct into the
fallopran tubes but only on days 14 and 2! p1
Chlamydiae could not be 1solated from the abdomt

ype 1 The ttres were | 64 in the amimal
moculated nto the wierne cavity and | 2048 and
1 512 1n the other two The IgM antibodies were
non detectable after 5-8 weeks p1 IgG anubod es
reacting with the same pool of antigens were
detected on days 21~28 the highest ttres were
found during the 4th and the Sth week viz 1312
and 1 256 and were still detectable at the end of the
experimental pertod [0—12 weeks p1 (Fig 5}

No IgM or IgG antibodies to C trachomars were
detectable 1n the serum samples from the control
monkey

DISCUSSION

During the last decade substanual evidence has
accumulated that C trackhomatis is & major enolog!
cal agent of sexually transmutted diseases (1 14 15
Recently 1t has been demonstrated that the organism
1s an important cause of complications tn such
mfections tn both the male and the female e acute
epididymutis (3) and salpingitis (10)

In an earlter study (10} we isolated C rrachoma
s from 19/53 patients with acute salpingttis and
from the fallopran tubes of 6/20 of these patents
We also found serological evidence of a recent or
active chlamydial mnfection 1n 62% of a senes of
143 female patients hving in southern Sweden whe
bhad laparoscopically verified acute salpingitis (f D
Ireharne K T Ripa P A Mardh L Siensson L
Westrom and S Darougar Br 1 Vener Dis 1
press)

Hitherto no natural infections with C trachoma
tts have been reported in non human primates
None of the four grivet monkeys included tn our
study {and none of 24 other such monkeys studied

Y ya



by us) hasboured chlamydiae 1n the lower genital
tract the rectum of the pharynix

Expenimentat infection of the lower gental tract
and the eyes of monkeys by means of strains of C
trackomans wolated from humans have been found
10 produce clmical infections (2 4 5)

The present study shows that it 15 possible o
ehcit acute salpmgitis . gnvet monkeys by
1noculation of chiamydiae direct 1n1o fatiopian tubes
of mio the uterme cavity Histologreal signs of
wnflammatton 1 the tubes were found between 3
days and 8 weeks affer the inoculanon The
endowbal nfection thus caused a self hmiing
salpmgits The antibody response was that of a
primary nfection with an 1gM to 1gG anubody
comersion The IgM utres reached a height
generally not seen in infections With C zrackomatis
n man

Re 1solation of chlamydiae from the two mon
keys noculated mto the tubal luma was onlv
successful from cervical specimens and only on two
samphing occastons Apparently the infection had
spread n the opposite direction proposed to that
occurning 1n natural infections with chlamydrae m
the female Sampling from the fallopian tubes of
these monkeys was done by swabbing the fimbria
ted ends of the tbes since the small size of the
tubes do not allow endotubal sampling This might
explain the pegative culture results On the other
hand from the monkey 1noculated mto the uterine
@wy C rrachomans could be isolated from the
tubes 3 weeks pr Tubal blopsy specimens were
used for cultres from the ammal

“The usiological changes in the tubes of the grivey
monkeys resembled those described in cases of
»gonococeal « salpingitis in man (12) The epithe
hum of the tbes was affected and the lumen
contained exudate which was also seen m ihe
abdominal ostiae of the tubes

Gonococer are recovered from the faltopran tubes
! only a fracuon of pauents with cervical
gonorrhoea and acute salpuigis even when exami
ned in the acute stage (9) Salpingitss cases have
often been classified as » gonococcal 1 spue of the
Tack of bactertological studies on samples from the
site of mfection viz the utenae tuts

In non gonococeal salpngitis described wm text
books as occurring as a postpartim of postabortive

complication or as a comphcation of surgical
procedires ¢+ o o

vel B leutved 1o gain entrance to the nternal
female genital organs through lestons wn the cervical
mucosa or the endometrial epithelum and spreads
thence to the parametria brogd ligamments and later

1o the tubes via blood vessels and lymphatics fn 2
recent mvestigation (13) the type of infecuon
mentioned has been shown to develop 1 grivet
monkeys after moculation of Ay coplasma homins
|t the same way as used jn our study
Double infections with N gonorrhocae and C
trachomatis commonly occur in the cerviv (8) The
histological changes n the tubes caused erther by
gonocacet or chlzmydiae have many features in
common as discussed above Both types of
1nfecuons seem 10 be spread canalicularly from the
cervical ¢anal to the endosalpinx mnvolving the
D and prod an y exudate
m the lumen
The nave recenily examined an estirpated fallo-
pian tube from a patient with acute pyosalpint from
which C irachomahs but no other orgamsms
including gonoceoct could be recovered Nor did
cervical cultures reveal any other organmsms pos
sibly causing the salpgus {to be published) The
mucosal folds of the tube were oedematous and
mfiltrated with polymorphonuclear and mono-
nuclear leukocytes There were marked reactine
changes 1n the tubal epitheium The inflammatory
wnfiltrate and the oedema 1nvolved the tubal wall
and the serosa The pathological changes wn this
patient were the same as those described to be
characteristic of »gonococcal « salpingitss (12) and
also stmilar to those found in the tubes of the three
experimentally mfected monkeys t this study
Thus the experimental acute salpingius produced
m motkeys and the findings i the patent with
ydial suggest that sal cau
sed by C trachomatis leads to tustotogical changes
mn the tubes which are very similar 1o those
described as occurning in »gonococca! « salpingitss
whale M hominus infections (11) produces changes
simglar 1o those found m patients with »non gono-
coceal « salptngitis
T ssolavon of C trachomans from the fallopian
tubes of patients with acute salpingits the detection
of sperific anubodies . these pangnis 20 he
fulfilment of Koch s postulates 11 the animal model

used ndieate thar € trachomans can cause acute
salpingiuis.

i

The serotyping of the chlamydial strains ysed was kindly
performed by J Treharne Insutute of Ophthalmology
University of London U k

This ROTK wac € nacmns
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BRIEF REPORT

F ENTEROVIRUS 71
EUTRALIZATION OF AGGREGATED STRAINS O
]\AND ECHOVIRUS TYPE 4 IN RD AND VERO OR GMK AHI CELLS

G von Zewpel

The Central Mycrobiologieal Laboratory of Stockhalm County Counall Stockholm Sweden

Zeipel G von Neutralization of aggregated strams of enteroverus 71 and echovirus type 4 in RD and
Vero or GMK AHI cells Acta path muctobiol scand Sect. B 87 71-73 1979

Strains of enterovirus 71 and echovirus type 4 containing aggregates which were poorly neutralized by
anubody 1 cell lmes of green monkey kidney onigin such as Vero and GMK AHI were as easily
neutralized as non aggregated strawns when grown 18 human RD cells The explanation for this may be
a tesser degree of aggregaton of viral materils oniginaung from RD cells andfor the use of lower
doses of virus for neutralization tests in such cells The latier was a consequence of a higher sensimvaty
of RD cells to mimmal amounts of virus than that shown by Vero and GMK AHI cells Thus virus
grown in RD Vero or GMK AH1 cells reached a utre 10 to 100 umes higher 1 RD ¢ells than in the

othey eell tines

Key words Cell line enteroviruses neutralization tests viral antigens

G von Zeipel Virus Depariment of the Central Microbiological Laboratory of Stockholm County Counca

P O Box 177 5101 22 Stockhotm Sweden

Receved 2078 Accepted 30m 78
Enterovirus 74 was first isolated from cases of aseptic

men ngius 1n Stockholm 10 1967 (1) and has since given
e a4 —

40 epidemic of severe pol o Iike disease 1n Bulgaria (2)
The typing of enterovirus 71 has rased Some
4 iculues 1n several countnes mcluding Sweden {1}
USA (7 and Australia {6) suxce many strains have
been poosly neutralizable Thus s apparently due 1o their
Bigh content of viral agaregates Which prevemts aeuteat
g anubodies fror reachung hidden rafectious partic
les Effective neutralization 1s achieved if the. aggregates
a1t removed by filtration (9) prior 1o the neutralization
test or oceasionally if they are dissolved by the addition
of sodum deoxycholate (4) As shown 1n the present
SWAy however such procedures are unnecessary 1f the
Peutralization tests are performed n RD cells

Maserials and Methods

Roller tube cultures of Vero and RD (8) cells were
mantined tn a medwm composed of equal parts of
Eagte s Basat Medsum and Medium 199 w1th 20 per cent

trypiose phosphate broth and 2 per cemt inacuvated
foetal calf serum For GMA AHI cells serum was
omitted from the medium

Fu o ~e

witnout prefitiration (1}

Echovirus ty0e 4 The prototype strain Pesascek non
neutratizable 1 GMK AHJ cultures without prefiltra
ton and the durectly neutralzable stran Du Toit were
used A%

Hyperymmune sera Monkey serum 2gamst strain BG
25% puinea pig sera against S $2500 and Du Toxt and
horse serum agamst Pesascek were used

Results
aen -

. pe 1vSasen were neutralized only i RD
cells Strans S $2343 angd § 6041 behaved like li): latter
strans The virus vsed 1n these Reutralization tests were

-



TABLE | Neutralization of Enterovirus 71 and Echovirus 4 in Cell Cultures of RD Vero and GMK AHl

Virus TCDso Antiserum Tutre of serum “‘v

strain 1n tests aganst ero

kD GMk

BG 258 60~160 BG 258 96002 12000

» » S 52500 12000 6000*

S 52500 250-400 S 52500 6800 30

» » BG 258 3300 30

Echo ¢4 160-250 E 4 DaT 2250 860°*
DuTont

Echo 4 60 E 4 DuT 1560 <30°*
Pesascek

» 250 E 4 Pes 2200 <20t

2 Titre of serum given as the mverted value of the serum dilution per 0 05 ml

grown 1n the same kind of cells as those used for the
particular test Serum utres were taken 6 to 7 days after
the break through of the virus dose in the tests

Other experiments showed that Pesascek virus origt
nating from GMK AH1 cells was also directly neutraliz
able if tested m RD cells whereas virus grown m RD
cells was less well neutrahized when tested 1n GMh AHI

TABLE 2 Titres of Enterovirus 71 and Echovirus Type 4
w Tube Cultures of RD and Verd or GMK Cells
e —

b

Virus Last passages n 17E "‘3; ‘;{
strain cell lines RD ohthee
BG 258 2 n Vero 6 5¢ 55"

» 2 nRD 67 61
§ 525002 4 1n Vero 75 53

) 2 mRD 71 59
S 52343 2 1n Vero 69 51

’ 2 mRD 17 55"
S 6041a 3 n Vero 63 43

» 2 1nRD 69 51
Echo 4 2 mGMA AHI 81 67"
Pesascek 4 mRD 79 67°°
Echo 4 3 mGMh AHl 77 75°°
Du Tont 4 mRD 85 75

a Aggregated strain of enterovirus 71
b The same dilution series of each matermb was iested

sinultaneously in RD and/of Vera/GMk AH!
¢ Logio mean tissue culture dose per 0imt

cells though clearly better than the apparently I
aggregated virus grown m GMA AH! cells

Further studies revealed that RD cells were
susceptible to mnimal amounts of sirus of the st
tested than Vero and GMA AH! cells As showt
Table 2 virus grown m RD Vero and GMh?
cultures reached a ttre 10 to 100 times higher 10
cells than 1n the other cell ines when noculated from
same dilution sertes Thus 1 realty higher dose
Virus containing more aggregates were used for neut
zation tests with 100 TCDso of virus m Vero and )]
AHI cells than was 1ndicated by the cytopatme effes
these cells This would contribute to the poor neutra!
tion of aggregated strams in Vero and GMK AHl o

All twelve strams of enterovirus 71 tested ¥
without adaptaton given a complete cytopathi effx
RD cells n which 5o far also two new such strains
been 1solated from vesicle fluds Work 1sm progres
test the sutabyity of RD cells for the typing
aggregated strains of enterovirus types other than tt
referred to above

—
A Summary of this work was presented at
Internattonal Congress of Infectious and Parat
Diseases Varna Bulgarta October 1978
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TABLE | Neutralization of Enterovirus 71 and Echovirus 4 in Cell Cultures of RD Vero and GMA 4H]

\:xrus TCDsy Anuserum Titre of serum 1n

strain n tests agamst Yero?

RD Gwthee

BG 258 60-160 BG 258 96002 12000°

» » S 52500 12000 §000°

S 52500 250-400 S 52500 6800 30

» » BG 258 3300 30

Echo 4 160-250 E 4 DuT 2250 860°°
Du Toit

Echo 4 60 E 4 DuT 1560 <30°*
Pesascek

» 250 E 4 Pes 2200 <20°*

2 Titre of serum given as the inverted value of the serum dilution per 005 ml

grown 1n the same kind of cells as those used for the
particular test Serum titres were taken 6 to 7 days after
the break through of the virus dose In the tests

Qther expertments showed that Pesascek virus ongl
nating from GMK AHI cells was also directly neutraliz
able 1f tested 1n RD cells whereas virus grown in RD
cells was less well neutralized when tested 1n GMA AH!

TABLE 2 Tutres of Enterovirus 71 and Echovirus Type 4
n Tube Cultures of RD and Vero or GVMA Cells

cells though clearly better than the apparently mor
aggregated virus grown 1n GMA AH1 cells

Further studies revealed that RD cells were mon
susteptible 10 mmimal amounts of virus of the sta®
tested than Vero and GMK AHI cells As showo i
Table 2 virus grown n RD Vero and GMA AH!
cultures reached a tre 10 to 100 times higher m R
cells than 1n the other cell Lines w hen moculated from tht
same dilution series Thus i reality higher doses ¢
VIrus contamning more aggregates were used for neatral
zation tests with 100 TCDsp of virus in \ ero and G\
AH! cells than was mdicated by the cytopathic effect &
these cells This would contribute to the poor neutral 23
ton of strains tn ¥ ero and GAfA AHI el

Thtrebn cells of

Virus Last passages 1in
Vero®

strain cell lines RD GMR**
BG 258 2 n Vero 6 5¢ 55

» 2 mRD 67 61*
S 525002 4 1n Vero 75 53"

» 1 mRD 71 5$9*
S 523432 2w Vero 69 51

> 2 wmRD 77 55
S 60412 3 i Vero 63 43

» 2 wRD 69 51°
Echo 4 2 mGMK AHI 81 67"
Pesascek 4 nRD 79 67"
Echo 4 3 mGMRAHI 77 75°°
Du Tort 4 mRD 85 75

a Aggregated stran of enterovirus 71

b The same dilution series of each material was tested
simultaneously m RD and/or Vero/GMk AHY

¢ Logyp mean tissue culture dose per ¢lml

All twelve strans of enterovirus 71 tested haé
without adaptation given a complete cytopathi effectan
RD cells 1n which 50 far also two new such strains hané
been 1solated from vesicle luids W ork 1s 1 progress
test the suitabiity of RD cells for the typmg ©
aggregated stratns of enterovirus types other than thos
referred ta above

A Summary of this work was presented at I
International  Congress of Infectious and Parasitc
Diseases Varna Bulgara October 1978
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TRISODIUM PHOSPHONOFORMATE INHIBITS HEPATITIS B DANE PARTICLE
DNA POLYMERASE

Enk Nordenfel!! E Helgsirand” and B Oberg”

llstute for Medical Microbiology University of Lund Lund and "Research and Development
Laboratories Astra Lakemedel AB Sodertalle Sweden

Nordenfelt. E Helgsrand E & Oberg B Trisodtum phosphonoformate inhibuts hepautis B Dane
particle DNA polymerase Acta path microbiol scand Sect B 87 7576 1979

Evidence avarlable indicates that the so<alled Dane parucles are the hepatis virus A DNA
polymerase 15 associated with the core of these particles The probability that this 15 the viral DNA
polymerase offers (he possibiity of preventing hepatius B muluplicauon by selecuve inhibition of thus

enzyme This investigation reports that tnsodm

(PFA) at low but

oot phosphonoacetate acid (PAA) inhubits Dane particle associated DNA polymerase

ey words Hepauus B DNA polymerase mhibtor phosphonoformic acid (PFA)

Exik Nordenfelt, Insttute of Medical Microbiology Solvegatan 23 S 223 62 Lund Sweden

Accepted as submitied 7 xn 78

Hepaus B virus (HBV) has yet not been isolated and
whured »n yuro However all evidence available
mndicares that the so<called Dane parucles are the HBY
(Darte et al 1970} They are about 45 nm 1n diameter
and hava han o - .

luund 16 be associated with the core Hirschman er al
Y921 Aaplan et al 1973) The probabutiy that this s the
virel DNA polymerase (Krugman e1 af 1974) offers the
Possibility of prevenung hepautis B multiphcauon by
selective nhubion of the Dane parucle DNA polyme
Tase and tus enzyme has recently been utdized 1o select
Potental therapeutic agents for hepatiis B mfection
Hirschman & Garfinke! 1978)

Ve now repont that trisodwm . phosphonoformate

(PFA) at low concentrations inhibits Dane partcle DN A
Polymerase

In a sereemng pro
PFA was found recent]

Pphate and may interact with a Ppyrophosphate binding site
on the polymerase

Serum specsmens for DNA polymerase assay were
prepared as described previously (hordenfelr & Kelten
1975) The serum was taken from three Patents
-

‘ .
\ .
Sslunl Viorueniels & Kyellen 1915 Couteru er af 1973
Electron mucroscopy studies have been repested on
Serum preparations from two of the pauents {Ass and
ESG) which showed a Iugh number of Dane pariles 1n
the pellets with polvmerase actvity Assay condions for
:k:’g ‘,)olym:(as: here the same as descnibed earher
niona 1075
.

as pe
NG incorporation of PHMTTP 4neo m‘l ;cf:;':,g\e

75
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Co-agglutination
a new, but proven, technique in microbiology
R, )
The Phadebac’c@
Snowstorm

¥
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TABLE | [nhtbution of Dane Particle DNA Polymerase at Different Concentranons of PFA and PA4

Percentage PFA Percentay
ge PAA
C<:\1;c remarnng No of deter No of determnino:
o ”";:Z;;y' SD Tauemt Patent Pavem 20V, R
Ass ESG AA mean Ass  EG A
10 837 222 5 3 1 144 600
§0 456 178 7 2 1 - - -2— 1
0 301 179 5 2 - 153 240 2 |
100 12 153 8 3 i 142 30
200 132 - - ! - - —0 3 1
500 51 12 2 1 1 721 171 2 1

table radioactivity as compared to the meerporation
withoutinhubitor A control serum from HBAg negatine
persons was always included but did not show any DNA
polymerase acuvity

A summary of the results 1s given i Table | The

ds d of the inhib by PFA s
Ppresented and also compared wth the effect of PAA The
Dane particle DNA polymerase was inhibited 10 50% by
20 pM PFA while 20 pM PAA seemed to have a shght
sumulatory effect At 100 pM almost all DNA
polymerase activity Was inhibited by PFA but PAA was
sUl stimulatory A slight inhibitton was caused by 500
uM PAA The lack of inhibition of the DNA polymerase
by PAA correlates with earher results where nho
was seen at up to 1 mM (Mao
& Robishaw 1975)

PFA and PAA have simlar activities on herpes virus
DNA polymerase which is inhibited to 50% at 3and 7
uM  respectively (Helgstrand et al 1978 Helystrand &
Oberg 1978) A difference in mhibtion was observed
with mnfluenza virus RNA polymerase where PFA was
more inhibitory and for vaccrma virus muoltiphcation
where PAA was the more active compound (Helgstrand
et af 1978) Despute the shight difference in structure
between PFA and PAA their acuvities on viral enzymes
could evidently be quite different No differences
between PFA and PAA 1n mhsbition of cellular DNA
polymerases a B and y have been observed (Helgsirand

well needed complement and atiempts 1n that directos
have recently been described (Hirschman & Garfinke:
1978) The lack of cell toxteity of PFA (Helgsirand et al
1978  Stenberg & Larsson 1978) and 15 selectne
hbition of Dane parucle DNA poly merase sugeest that
an evaluation of s effect on hepatus B 1o apmals
should be undertaken

We thank Mrs £ig Mitfer for exoellent techrca!
assistance  The investgation was supported by the
Swedish Medical Council (project No B77-16X-2865
on

References  Alentus S Dumer Z & Oberg B
Anumicrob Agents Chemother /4 408-413 1978 -
Almeida J D Rubenstem D & Stont £ 4 Lancctil
1224-1228 1971 ~ Cossart ¥ E Baliere Tinddl
London 1977 - Coulere O Mowhas B fuer F
German A & Loeper J Nouv Press Med J 1833
1643 1973 —=Dane D' S Cameron C # & Briggs ¥
Lancet/ 695698 1970 ~ Helgsirand E Erihsson 8
Johansson N G Lanncro B Larsson 4 Misiorm 4
Aoren J O Spberg B Sienberg A Stewng G
Sindh 8 Alemus S & Piulipson L Science 201 819~
821 1978 — Helgstrand E & Oherg B Current

i 329-330 1978 = Hirschman S Z &

etal 1978 Reno er al 1978) At up to
» - e At TINA BNA ar

Do -
PFA 1; necessary ta reduce DNA synthests and cell
proliferation to 50% m cell cultures and this mhbition
15 reversible (Stenberg & Larsson 1978) A very low
tovicity 1 rats and dogs and no metabolism 1n mice have
been observed for PFA (Flodh H & Lundsrom J
personal commumication [978) and it does not have the
dermal tovicity obscrved for PAA (lenus ef al 1978)
Control of viral hepautis B 1s an ymportant medical

Garfinkel £ Nawre 27/ 681-683 1978 = Hirsch
man S Z Vernance S J & Schaffner F Lancet {
1099-1103 1971 - Aaplan R P Greenman R L
Gerin J L Purcell R H & Robnson W 8 Yol 11
995-1105 1973 — Arugman S Hoofnagel J M
Gerep R J Kaplan P M & Gern J R New Eng J
Med 290 1331-1335 1974 - a0 J C H €&
Robishaw E E Biochem 14 5475-5479 1975 -
Aordenfelr £ & Ryellert L Intervirology § 225-232
1975 = Mykn P Chem Berichte 578 1023~1038
1924 - Reno J M Lee L F & Boct J 4
A Agents Ch 17 188-192 1978 —

problem Prevenuon by passive has met
with some success and a vaccine 1s forseeable in the near
future (For review see Cossart 1977} A specific
chemotherapy agamst hepatius B would however bea

Robinson ¥ S Clayton D A & Greenman R L 1
Virol /4 384-931 1974 — Sunberg A & Larssor A
Antmicrob Agents Chemother In press 1978



-2 path musobial scand Sect B 37 17-83 1979

PRODUCTION AND EVALUATION OF ANTISERA
FOR SEROLOGICAL TYPE DETERMINATION OF
GROUP-B STREPTOCOCCI BY DOUBLE DIFFUSION
IN AGAROSE GEL

NIELS EINAR JENSEN

State Vetsnsary Serum Laboratory Ringsted Denmark

) 1ype determnnation of Group B
Tensen N E Production and evaluauon of antisera for serological
wiepoeoen by Souble difusion 1 2garose el Acta path mucrobiol scand Sect B 87 37-83 1919

4 double duffusion ertmaue for serological lpimg of Group B streptococe 15 presented The method 15

VAl Wbt € e
ant
ant

G Luw dlL Bvod €Lt O] Antsera and easy recogrition of weak and/or unspeaic precpitates The
wstod 15 sspeolly wyul @ egudemiological 1vestigations

Key wards Group B streptococer setofogreal type deternunaton anusera double diffuston
N € Jensen State Veternary Serum Laboratory Odinsvey 4 DK 4100 Ringsted Denmark

Recerved 26 v 78 Accepted 23 78

Serologieal typing of Group B streptococry (B
str) has a history of more than 40 years On the
basss of type specific capsular aptigens Lancefield
6 7)disunguished between four serotypes 1z 1b 1t
and NI A cross reaction between 1a and Yb strains

was caused by a common polysaccharide antigen
NOW (Ges pratad e T by & PO,

wt1d ah0 Ioc antigens the so-called Jabe deteram
pant ss present i alt Type Ic strains {9) The Inc
4ntigen may be demonstrated also 10 Type 11 and
Type il strans (2 3 4 15) and v some strauns of
Berotypes R and X 4} It as only rarely that stragts
possess only the lhe antigen (4} Besdes the Tve
proten antigen  Bestr may contaip o other
Protom anugens R and X whuch are the only
antigens by which Type R and Type X can be

distargusshed Combrnations of these antigens with
the othef autigens mentioned are found with
varymg Srequenty {10 1) The anugeme composs
tion of the serotypes of B str as described m the
lterature 15 shown n Table 1

According 1o Jelimhora (5) the present officsal

vetam 7 1

o & uuy(edic towever 1 epidemiological exams
natons aimed at elucidating the source and mode of
transtmssion of a B st 1nfection 1t 1S essentyal thyat
the strasa tn question should be defined as precisely
23 possible te both by the type antigen and by
possible additional antigens

In the present paper a double diffuson technique
15 descnbed by which )t 1s possible to run several
tests stmultaneousty and 1o characterze both B st

strams and antisera 1 terms of the asugens hsted 1n
Table |
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Setological typng of Growp B strepiococer (B
st has @ tustory of more than 40 years On the

T af tiee Ape

.

W4 Lused by a common polysaccharide antigen
now designated the labe determunant (9) Type Ic
4 15)p both the Ja polysace] g
and a protewy antigen found  Type Ib strams This
protemn antigen is now destgnated Ibe (16) Besides
the Ia and [bc antigens the so-called Tabe determ
nant s present m all Type Ic strans (9) The Jbc

ant san Mo Re o

.- .
proten antigen B str may contain two Other

proten antigens R and X which are the onaly
antigens by which Teme © -yg Type X can be

distinguished Combrnations of these antigens with
the Other anugens mentioned are found with
varying frequency (10 11} The antigenic composy
tion of the Serotypes of B'str as described mn the
lterature 15 shown in Table |

According to Jehnkova (5) the present officral
system of classficauon of B sir mcludes sinctly
speaking only the five polysacchande types. Ia Ib

Ta TT qeda 11—

e ma s

Lesls stmullaneously and to characterize both B
s
fj‘ﬁlﬁs land A0USEE 1 terns of the 2nugens bisted 1n



TABLE | Tjpe Antigen Structure of Group-B streptococct

Serotype Polysacchanide Protein
antigens antigens
Ta Ia, Tabe R or X*
b 1b, Iabe Ibe, (R or X)
Ic Ia, Iabc Ibc (R or X)
1 1 {Ibc) (R or X)
m i (Ibc) (R or X)
R - (ibe) R
X - (Tbc) X
? - Ibe, (R or X)

Antigens shown 1n brackets are not mnvariably present

? an officral serotype designation for »lbc strains has
not yet been adopted

— polysaccharide antigens are not present

All designations refer to HCl extracted 1e denatured

antigens

MATERIAL AND METHODS

B str Reference Strains*)
090

Type Ia

Type Ib H36B
Type Ic A909

Type 11 18RS21
Type 111 DI36C
Type R R Compton
Type X X Compton
Group B O%0R

The reference stramns were subcultured weekly on
blood esculin agar plates

Production of Antisera
Vaccine Rabbits and cows were immunized with
vaccine prepared Irom ceélls grown Tor 18 hours at 36° C
m trypsin digested beef heart broth The cells were kitled
by treatment for one hour with 2% formaln then
washed twice in 0 9% NaCl and resuspended in PBS (pH
7 6) to a concentration four times that of standard 3 of
the McFarland s BaSO4 Nephelometer Standards
The sterihty of the vaccine was checked by 1noculation
on to blood agar plates
Goats were immunized with formalin killed vaccines
prepared as described by Lancefield {1975)

Immunization Schedule

Rabbus Iniually five mtradermal injections of 0 1 ml
cells + 0 1 m] Freund s complete adjuvant were given to
the rabbits at 14 day intervals For revaccination two
courses of mitravenous tnjection of cells alone were
given Each course consisted of five tnjections given at 2
day intervals and the dosage was as follows st
injection /4 ml 2nd and 3rd tnjecions 1/2ml 4thand
5th mnjections Iml  6th—10th 1mjections 2 ml The
interval between the initial vaccmations and the first
revaccination and between the st and 2nd revacaination
was about 3 months

Cows The cows were immunuzed 1 accordane? 4
the schedule used for Ist and 2nd revaccination f ¢
rabbuts with five times higher doses Revacamatiot ¥
not carned out

Goats The goats were immunized as described for
rabbuts by Lancefield et al (9)

Sworage and preservation of sera Merthiot
(1 10000) was used as preservatrve The sera %ef¢
divided 1nto 5 ml portions and stored n (rozen 8¢
(=20° C) until used While 1n use (e for 1 to 6 %K
they were stored at +4°C

Absorption of sera Lancefields method (3) **
applied using heat killed cells

Preparation of Extract

The cells were grown 1n 10 ml Todd Hewitt prot
(Difco) for 16-18 hours at 37°C The culaure *
centrifuged for 10 min at 3000 rev/mm The supe™
tant was decanted and the cells were resuspende] w
05ml N/20 HCl Extraction took place at 100°C
1S mm (waterbath) Neutralzation was made ‘fr'h‘h
Na;CO; (3%) Phenol red was used as mdicator 1
suspension was recentrifuged and the supernatant u =
antigen extract

Peptic digestion of extracts Before neutralization ol
ml of a $% pepsin solution (10000 varts/g Merck) “’f
added The mixture was incubated at 37° C overn®
then neutralized and centrifuged

Preparation and Treatment of Agarose Plates e
Detatls of the preparation of agarose plates
matersal used and the post treatment and Staimung
been described by W eeke (13) ot
Briefly the procedure s as follows A 1% Bxﬂqs&
solution 1n diema) builer \pA 3 b) 1s poured UBW ¥ e
plates (100 x (00 x I 5 mm) 1 portions of 15 ml
wells (diameter 2 5) are arranged as shown in F1g
The centre to centre distance between serum and ant
wells 1s about 7 mm (v50 mm) Rows of eight wells
used for antigen and rows of nine wells for serum
antigen and serum are applied in amounts O M
microlitres (Oxford micro syringe) Diffusion 15 allo?
to proceed for 48 hours at 20°C "
1In one plate 1t 15 possible to tes1 seven »m-xkrm.n.«?:he
agaimnst extracts of seven type reference strains and
group reference strain 1es
For type determination of B str strains eight P”m
are used (Fig 15) each with the same specific anusert”
applied to all serum wells Extracts of the straf !
concerned are placed 1n dentcal positions on the elﬁ5
plates By this arrangement 1t 1s possible o type
strains at a ime using seven know n type strains and
group stramn for reference

e

gen

“) The author wishes to acknowledge fus mdebiedness © ’fy’
Beate Ferch Sutens Serununsttut Copenhagen for supf”
ing the reference srains



RESULTS

Type Anuisera

"A total of 38 amumals (32 rabbus three goats and
three cows) were vaccinated with the type reference
strans
Type la (Antigens 12 labc)

Figures | and 2

Five rabbils two goals and one cow were
vacanated with stran 090

ta Ib Ic I M R X Gr
a7 o O O
ol‘o o O ©0 O
ja tb tc 18 W1 R X Gr
Fig | Antiserum Ia unabs
N NI,
c ¢, 0 0 n
AN ¢ o 2 >
Fig 7 Anuserum Ib unabs
ANV S
00"0/\0 0o o0 0 0 O
Fig 5 Aotiserum Ic unabs
0 0 O O\{O 0 0 o0 O
7\
Fig 7 Antserum 11 unabs
Nz
0 0 0o o O%
O/\\o S 0 0
Fig 9 Aotserum 111 unabs
[P DTN Fer AN
foopos;\o RG]
Fig {1 Antserum R unabs
geEEBEBOL

Fig 13 Antscrum X unabs

Double diffusion tn agarose gel of some sel
Arraogements commaa for all Gizgures

sevea type eeference strains and the Group
15 identical for all sera tested B

un The arrangement of the extracts

The reactions of a serum drawn from 2 rabbit
two weeks after the first series of vactmnations are
shown in Fig 1 Antibodies reacung with Type la
Type Ic and the group antigen (090R) had
developed Absorption with X-cells (Fig 2)elmmna
1ed the group seacuon and made the serum spectfic
for the Type la polysacchanide antigen (Types laand
o)

Serum from another rabbit showed no reaction
after the mutial seres of vacanatons with the la

la Iblc I 1 R X Gr
AN/, >

O’\O o 0 0 0 0O 0 O
ta tb te 11 W1 R X Gr

Fig 2 Anuserum la abs X

P v e e R
N\~

© 0,0 0 0 0 O 0 O
/N

S
Fig 4 Anuserum Ib abs Ic

°© G

-

Y © - o, 3
*O/@ DLQCOZO’O

L

Fig 6 Anuserum Icabsla

ol

e
VAN

Fig 8 Anuserum Il abs X

0o 0 © o o0 ©

\Y4
© 0 0O ©
~O/\OOOO

Fig 10 Antiserum 111 abs X
C o o o 0 o
7

¢
Fig 12 Anuserum R abs X

¢ -

© ¢ ¢ ¢ o 0o o o

I3}

Fig 14 Anuserym X abs Gr

lected group B type antisera before (unabs ) and after absorptien (abs )
The row of nine wells (muddle) contains the serum to be examined and the two rows

of eight wells the extracts of
the
1sshownnFig 1 and 2 only but



reference stram but very weak reactions with
extracts of this strain and the group stramn after the
Ist series of revaccinations Following the 2nd
series of revaccinations antihodies for Ia Ib and Ie
were d ated and the p
showed a picture of complete 1dentity The same
reactions were obtained after peptic digestion of the
extracts thus indicating that the reacting antigen 18
2 polysacchande Absorption with Ib and Ic cells
removes all antbodies from the serum The
antibody present 1 this serum reacts with the [abe
determimant

A third rabbit produced an idenucal (anti Tabe)
serum after the Ist series of revaccinations Sera
from the two goats reacted weakly with Type fa
antigen and the group antigen after the st series of
vaccinations Revaccination of one of them did nat
enhance the reactions Two rabbuts and one cow did
not respond to the Ist series of vaccinations and
were not revaccinated

Type Ib (Antigens Ib Jabc Ibc)

Figures 3 and 4

Three rabbits and one cow were vaccinated with
H36B

weakly against the Ia polysacchande and Stronghy
aganst the Ibc protein antigen after the Lt Seneg of
vaccinations Two of them were revaccmated ty
and following the Znd revaccination one of the
rabbuts reacted agamnst the Iabc determnant oty
while the reactions remamed constant for the o
Two rabbits produced antibodses agamst the Jobe
determunant after the st series of vaceinations

Type I Unugen 1)

Figures 7 and 8

Three rabbits and one cow were vactmated s
13RS21

Serum from one rabbit reacted weakly but
spectfically with Type IT antigen after the 15t sens
of revaccinations Following the 2nd seres e
reaction of the serum became stronger and 3
reaction with the group antigen also occurred {Fig
7) The group reaction could be removed
absorption with X-cells after which the serum
reacted specifically with the reference stram (Fit §)

Another rabbit produced after the 1st senss of
revaccinations a serum reacting weakly with If and
group B antigens and after the 2nd revaccnayon
also antibodies agamst X antigens The third sabbt

duced agamnst [l R and X anligens

Following the 2nd serses of re: 10ns one
rabbit produced antibodies reacting with the Ib
polysaccharide antigen the Ybc proten aptigen
{demonstrated by absorption with Ta cells) the labc
determnant and the group B antigen (Fig 3) After
absorption with Ic cells (Ja Iabc Ibe) ts serum
reacted specifically with the Ib polysacchande
antigen (Fig 4)

Another rabbit produced an anti Ibc serum after
the st series of revaccinations Following the 2nd
series of revaccinations antibodies agamnst the fabc
determinant were also present but no antibodies
agawnst the Ib polysaccharide antigen were detected

The third rabbit produced no antibodies at all

After the Ist seres of vaccinations the cow
produced antibodies which reacted weakly but
specifically agawnst the {b polysaccharide antigen

Type Ic (Antigens la labe lbc)

Figures § and 6

Five rabbits and one goat were vaccinated with
A909
After the lst senes of vaccmations the goat
produced antibodies against the Ibc antigen and
following revaccination aiso antibodies against the
1a antigen The teaction with the Ibc antigen was
enhanced after revacanation (Fig 5) This serum
was made specific for the Tbc antigen by absorption
with Ia cells 1t has the pecohanty of formng two
precipitation lnes (Fig 6)

Three of the rabbits produced antibodies reacting

after the 2nd revactination

When the double diffusion techmque Was Used
serum from the cow reacted weakly but specifidalty
after the 1nutiat series of vaccinations The cow was
not revaccinated When tested by the capillary hing
precipitation test this serum gave a strong prectiuts
ton reaction

Type JH (Antigen 1)

Figures 9 and 10

Fuve rabbits were vaccinated with D136C

Afler the 2nd sentes of revaccinations tho Sen
reacted wuth the Type 11 polysacchande antigen and
with the group antigen (Fig ) The group reatlon
could be removed by absorption with X-cells {Fig
10)

In three seya no antibodies could be detected even
after the 2nd senes of revaccinations

Type R (Antigen R)

Figures 11 and 12

Six rabbits were vaccinated with the R Compton
strain Five sera had antibodies agamst this strain
tw o after primary vactination and three following
revaccination  The sera reacted both with the A
antigen and with the group antigen (Fig 11) The
figure shows that also the group reference stram
(Q90R) contained the R anugen Following absorp-
tion with X-cells the sera reacted specifically with
the R antigen (Fig 12) No antibodies were detected
1n serum from the sixth rabbit
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Fg 15 Type determmation of 56 Group B straiss by doble diffusson 1n agarose gel Extracs ave placed wn wdemsal
pastons on the eight plates Rows of nine wells are used for antiserum fows of eght welts are used for the Seven
type reference strains and the group B stram (upper sow) and for the 56 Strams exammed

The anuserum vsed 1s 1ndicated for sach plate together with the aatigen determuned 1n Prackess

Tipe X Unngen %)

Figures 13 and 14

Free rabbus were vacomated with the X
Compion Stram

Fanr eakhte = o wan 4,
ar
) .
present g 13) After removal of these by
absorpuion with Recelly type-speaific sera were
cbtamed (Fig 14) One rabbit produced no antibo-
dies at all

Tiping of B sir
The shave menuaned type-specific sera (ant fa
“aRUle antlse ant’labe, ant Il st Il ant’R
and aaty Xf were used for typing a number of B str
Straws of bovie and human onigin {see Fig 15)
The snugensc composition of the Strams &xamiped
£an be read durectly from the stamed plates Reading
af the typing-platesc bas not presented  any
difficulues and 5o far 1t has been possible o classify
100% of the human (149 strains) and 98 5% of the
bovine strawns (597) exanuned The results of these
vestighons will be published 1 @ subsequent
paper
Instead of placing type antisera n the wells in
oery second fow 2 avempt was made to
Incorporate the anubody’ w the agitese gel (@ 7 ol

serum/15 ml ge) Wth the same arrangement of
the wells and extracts of B str in alf the »seruma
wells 64 &ifferent strainis can be exammed at 2 hme
agast one serum This method also offess the
possdility of quantifiang the content of antigen n
the strams (radial immuno-diffusion) Preliminary
expertments have grven promusing results

DISCUSSION

No cfear-cut picture has been formed with regard to
e type of vactine the method of apphcation the
number of imjections 2nd the length of the meervals
betheen anjections necessary for ensunng the
Droduction Gf & B-str type antiserum suwable for
precipiation by double diffusion Indrvidual charae
terisucs of the 2mmals seem to play a major Fole
Eycept n the case of Type Ic vaccne most
avempts (o immunue rabbis bty miradermar
admaistration of vaccnes gontawung Freunds
complete adjuvant gave disappointing results
ev.aacmauons were performed by a ms s

> Mauwm WAl Teler
strauns tnee

After the snutzal course of vacewatio
oS tWo cows
wovulated with Type 19 and Type I Tespectively

1



produced sera which reacted weakly and slowly
though specifically 1 double diffuston tests wiyfe
they reacted strongly m capillary ning precipitation
tests The reverse (strong reaction n doyble
diffusion and weak reaction n capillary ring
precipitation tests) was experienced with rabbit sera
The reason for this discrepancy 1s unknown Since
the cows were not revaccinated 1t rematns an open
questron as to whether revaccination could have
changed this mode of reaction

Two goals vaccinated with the Type Ia stran
reacted weakly after the mutial course of vaccna
tions and revaccination of one of them did not
enhance the reaction On the other hand a goat
vaccinated and revaccinated with the Type I¢ stran
(antigens Ta Ibc Jabc) gave a strong reaction with
two distinct preciptation lmes aganst the I
proter satiger hut only & wesk neactnon aganst the
Ia polysaccharide antigen The Ia reaction almost
disappeared later H ilkinson/Eagon (15) found that
the Ibc antigen consisted of two serologically actve
determinants responsible for the two precipitation
lines

The rapid and strong antibody production seen jn
rabbuts vaccinated with Type Ic + Freund s complete
adpuvant and 1n the goat vaccinated with Ic may
reflect a better immunological response to thss
strain than to the other B str type reference straing

In two rabbits vaccnation with Type Ia (090)
resulted 1n sera reacting with the labe determmant
only The same was the case with two Ic sera afier
the st series of vaccinations and withalcand a b
serum after the 2nd revaccamation According to
Lancefield et at (9) anubodies occur less frequently
aganst the labe determnant than agamnst the major
determmants {la and Ib)

However the relatnvely high concentration of
formalin (2% one hour) used 1n this study to Ky
the vaccine cells may have mfluenced the major
type spectfic polysaccharide Lancefield et al (9)
used a concentration of 0 3% formahin and mention
that a higher concentration of formaimn (up to 3%}
was unsausfactory for preparing vaccines for
spectlic types of B str

The type specific polysacchandes are not present
tn thetr native form i the HC) extracts () 8 12
16) In fact the serological typing of B str 1s based
on the demonstration of the denatured antigens
oceurring in the HCI extracts and provides suffy
aent dif for epid logical purposes

The content of HCl-extractable antigens 1n B st
strains 15 vanable 2s seen from the fact that extractg
obtamed from different strams by the same
treatment yield precipitates of varying density
Qusntfication o the antgen content may be

The variations applied mostly to the la polyg,
charide antigen whch 1s apparently found i \¢;
small quantittes 1 many Ia and Ic strams On g
other hand such strams always gave Strop
precipitation with the Iabe serum thus formms
valuable ard 1n type determination Based on g
present knowledge of B str type antigens a sy,
lackimng the Iabc determunant but reacung with t
Ibc antiserum 1s Sure to be a > pure Ibo straim 5
not a Ic or Ib stramn contaiming a very small amoy;
of a la or Ib polysaccharide antigen

Only small amounts of serum are required f
type determination by double-diffusion 1n agayes
gel and turbidity of the serum apphed does pe
mfluence the reading of the results W eak precipy
tes are observed readdy and possible unspeyf
precipitates are recognezed more eastly than iy
capiffary ring precipitation test Furthermore
results need not be read at fixed times and the plyes
can be stored for later documentation W hen Staieq
and dried The method 15 advantageous especialy
when knowledge of the antigenic composiion of
greater numbers of B str strains 15 required € for
epidemiological studies but less so when Upe
determination 1s needed quichly

The author wishes to acknowledge his indebtedness 1
Mr P Slor D v M and Miss Lilly Fris techni)
assistant  The State Vetermary Serum Laborstory
Copenhagen for their valuable assistanoe in the immuy
zation of rabbits and cows and to Mrs Burghtld Berg
techmical assistant The State Veterinary Serum Labora
tory Ringsted for her skilled assistance
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INFLUENCE OF O AND K ANTIGENS
ON THE SURFACE PROPERTIES OF
ESCHERICHIA COLI
IN RELATION TO PHAGOCYTOSIS

O STENDAHL. B NORMANN and L. EDEBO

Departments of Medical Microbiology and Infecuous Diseases The Unersiy of Linkoping
Lickopmg Sweden

f
Stendahl O Normann B & Edebo L Influence of O and h anugen on the surface properties o
Escher chua colt w refation 1o phagocytosis Acta path microbiol scand Sect B 87 85-01 1979

Strans of Escherichiz colt with different O a
Physicochemical surface characterssics znd habil

nd K antigens were invesugated with respect to
Ity to phagocytosis Using (o phase parttionung

analysis for the surface charactenzation three main groups of stramns emerged Group I (01 K|
ORI 03 k2ab) showing both smooth hydrophilic O antigens and negatnvely charged h anugen wh ch
ronda ad -

.

removed by heat treatment these stra ne hamma m o o

(028 k- 056 K+ and O118 ke
Physicochenical surface effects anc

relation 1o the properties comveyed by the corresponding O antigens

“e e P oaull wuen e K anugen was
. . °r strams
that the
v Tuated 1n

Key words Escherchia coli surface properties O anuigens K antigens phagocytosss

O Stendahl Department of Medical Microbiology University of Linkopmg S 581 85 Linkoping Sweden

Recenned 9 v 78 Accepted 16 x 78
The virulence of many 14 10 exira

polymer phase systems and hydrophobic interaction

intestinal tissue 15 closely hnked to the structure of
therr O antigen [In Salmonella (3 18) and
Escheniciua colt (13 17 the complete O antigen
With repeating polysaccharide side cham umts
prﬂects the bacteria from phagocytic uptake and

M s

‘quent killing
(smooth) R {rough) that lead 10 varyng defects in
the lipopolysaccharide (LPS) structure dimunish the
Tesstance to phagocytosis (4 13 18) In fact Rd
and Re mutants from § Dphimurium are phagocy
tosed (0 2 considerable extent €ven in the absence of
antibody and complement (20)

We have studied prev
Uesof S phumyrym 39
R mutants denved fro

10Usly the surface proper
5 MS (smooth) and certamn
M it using aqueous two-

ohy (10 1119 20) These expen,
ments revealed a close correlation between general
physicochemtcal  surface charactenstics such as
hydrophobicaity and charge and Tesistance (o
phagocytosis In these bacteria the LPS seems to
convey most of these charactenstics
InE colr the Picture 18 more complex Although
the LPS influences the antigenieity virulence and
gocytosis (13) the Kk antigen

¢



amount of K antigen has also been shown to
mfluence the m vno localization of bacteria in the
urinary tract (7} but not i the blood stream (12}
However little information 1s available regarding
the relative importance of the O and k antigens The
present investigation analyses the surface properties
of a series of £ col stramns with respect to surface
characteristics such as charge and hydrophobicity
and interaction with phagocytic cells By comparing
the surface properties and Liability to phagocytosis
of living and heattreated bactera (thus eluting the k.
antigen) the functional expression of the O and K
antigens on the bacterial surface 1s revealed

MATERIALS AND METHODS

Strains The Eschericiua coft strains Ol ki (US/41)
02 K1 (U9/41) 03 K2ab (U14/41) 04 K3 (U4/41)
06 K2ac (Bi17458/41) O14 K7+ (Sudd11/41) 024 h~
(E41a) 028 K (Kla) O55 k59 (Su3912/41) 056 K+
(Su3684/41) O111 K58 (Stoke W) and Ol18 k—
(W31} were kindly supplied by Dr F Orskov Copenha
gen and the Ol K neg stram by Dr B Kayser
Gothenburg
il

heat and rad; labelling
All stramns were kept on agar slants at 4° C before use
The bacterra were grown 1 10 ml nutrient broth (Dilco}
at 37° C for 18 h harvested by centrifugation {6000 x g
10 min) and washed 1n phosphate buffered saline (PBS)
pH 7 2 The bacteria were labetled with either 3'Cr or
1251 a5 described previously (19) An Autogamma
counter (Inter Plaisir France) was
used for the radioactive determination For heat treat
ment each lot of labelled bacterta was divided into two
portions one kept at 4° C and the other in water bath at
70° C for 45 min The bacteria were then washed twice
a MRS end Lgrended o theapnaanate u fler
Phase systems and partition analysis The two phase
~ manalafd4W fwi/

fer pH 7 0{1) They were prepared from stock solutions
of 20% polyethylene glycol 6000 (Carbowax 6000
Union Carbide New York NY) 20% dextran T500
(Pharmacia Fine Chemucals Uppsala Sweden) 01 M
tris buffer and distilled water and were allowed to

detatled description see reference (20) 3

Phagocytoss exp he phagocy P
i vire has been described in detail previously (18}

2x 107 PMNL/dish Flow Laboratories lrwine Seot
land) Non adhering leukocytes and erythrocytey g,
washed off before the addition of labelied Bacteria
(5% 108 bactersa) suspended 1n KRG with 0 1% hy e
serum albumin (Poviet Amsterdam Hollany) y
tndicated sntervals filters were removed washed oy
ughly 10 PBS and measured for radioactivity Phagaey,
s1s was expressed as the percentage of added by
adhering fo the filters The standard deviation \ fiye
experiments was + 8%

o A
9
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Fig 1 Twophase parutoning {lef) and o ‘yro
g (right) of different £ cols strains before Q)

Briefly  polymor hil
(PMNL) were collected from the perttoneal cavity of

guinea pigs after njection of 0 2% glycogen The cells
were washed twice 1n Krebs Ringer phosphate buffer
with 10 ml glucose (WRRG) pH 72 suspended in the
same buffer and allowed to adhere to celiulose acetate
filters (Millpore) on the bottom of plastic petrt dishes (1-

2
and after heat treaiment (@) (A)E cols O1 K1 (Byf
coli O111 K58 (CYO14 K7 Partitioning 1S eXpresseq as
percentage of added bacteria in the top phase cont2ihyng
10% TMA PEG only PEG or 10% S PEG Phagocyo
sis 1s expressed as percentage of added bacteria assoCiaged

per filter



° 70°C
TABLE | Two phase Part  on and Phagocytos s of D Jferems Eschenichua ool Stra as Treated at 4° and

o e owe

Two-phase parutian
Stan ° ¢ 70°C
7

ol Kt 7 1:
02K1 10 8
03220 b

01K3 60 65
055 K59 6% 183
011 kS8 9%

O14 K7 12 :2
024K+ 1

(1Y 20 5
056K+ 55 sr])
olg K 4

-

Phagocytosis®
7ne
010 Q20
ol 038
012 042
026 ole
023 033
o110 019
040 080
019 06
02 0l
090 107
012 [NES

e
2 Expressed as percentage of bacteria w the 10p phase of a two phase system contarmng 4 4% PEG and 6 2% dextran
10003 M s buffer pH 70 Mean of at least tho expeniments run it dup! cate

# Expressed as percentage of added bactersa adhenng (o fitters conwnng 11
Mean of at least two & flerem expenmests run m duplcate

RESULTS

Two phase parnit oing Using phase systems with
negatne (S ) or poswve (TMA+) PEG rch top
ohase permuts analysis of the surface charge
sypressed on the bacteria. To analyse the contribu
ton of the K antigen to the cell surface characterss
ucs pon treated and heat treated bacleria were
compared with Tespect to thewr susface p

0% PMNL afier incubanon for 90 min

either TMA*—or § ~PEG thus indicating loss of
surface charge In the second group (Fig 1B) which
mcludes the O4K3 OSSK59 OIITRSS test
strams the bacteriz collect 1 the top phase m
charged and uncharged systems and heat treatment
does not mfluence the parmiton pattern (Table 1)
The third group (Fig 1C) includes 014 K7 and
024X+ which collect in the bottom phase 1n

Preluminary experments revealed that treating the
bactersa at 70° C for 45 mun gave simular surface
characteristics as when bactera were heated at 100°
for 2 b as tested 1n the two-phase systems Although
A e X antgen may not have beew eluled the
lower temperature was preferted sice boling
releases consyderable quanuties of endotoxin from
enterobactena (3) and other depaturing effects may
also occur

Among the tesied swans three mamn grovps
emerged with respect 10 the effect of heat treatment
on the surface charge The first group (Fig 1A
tncludes O1 K1 02 K1 and Q3 K2ab all of which

. B

s indicating strong negative surface charge After
heat ireatment the bactena collect tn the top phase
ta an uncharr~ ~=>-= - { are not ifluenced by

systems and are nfl by TMA -~
PEG After heat treatment. the bactena show less
affinsty for the bottom phase but are stull influenced
by TMA —PEG thus indicating that they sull
possess negative surface charge

Strams not fithng 110 these three main groups
are represented by Q28 K- O%% K+ and O118 h—
Although they and also O14K7 and O24K+
belong 1w chemotype I the LPS of which contains
only core type sugars (9) they show strakingly
different parution patterns {Fig 2 Table [} 028 K~
eollect manly 1n the bottor phase n the uncharged
sysiem and show a strong negative. charge indepen
dent of heat treatment Viable and heat treated
O118 K~ bacterta coflect 1n the bottom phase but
show po detertable surface charge OS6 XK+
bactena collect n the 10p phase m the uncharged
system and more than 30% 1n the TN A~-PEG. 10p
pbase shus indicating negative surface charge

However ths surface charge 15 not reduced
treatment prhest

P



These data suggest that the heat-labile propertes
conferning the negative charge on the £ cols bacteria
are due to different K antigens In order to
unvestigate this further, study was made of the
surface properties of some strams with the same O
antigen but with varying amounts of K antigen Fig
3 shows the difference n sensmvity to heat
treatment between £ colt Of KN (K negative) and
Ol K1 {K positrve) The K posttive steain colfects 1n
the bottom phase tn the uncharged system and 15
transferred to the top phase by TMA +-~PEG, thus
showing negative surface charge of the bacterna
After heat treatment, the bacteria accumulate in the
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Two phase syStem Incubatien time fmny
ationing  Gefth and 1 viiro
Fig 2 Twoptwe e - + ains before {O) and
[ 028 h— (BVE con

- - o phase partitioning
and phagocytosis are expressed as described 1n fegend to
Fig |

top phase independent of charged PEG (hs
showmg that the surface charge 1s fost The &
negative bacterra, however, collect in the top phase
both before and after heat treatment and are thys
devord of surface charge. Simfar patterns were
obtamed for certain other K posttive and k negatne
strains

11t vatra phagocy tosis by guinca-pig PUNL Aflthe
strains were tested simultaneously with respect to
two phase partitton and phagocytic uptake Figs |
and 2 and Table | show that the sensitvity of the
different strams fo phagocytosis correlates wub
two phase partition both before and after hext
treatment The strains 1n group 1 (O! KI 02KI
03 K2ab) are all poorly phagocytosed After heat
treatment which results 1 reduced surface charge
they are still poorly phagocytosed though a shght
increase 15 observed for all three strams The heat
resistant« stramns 1n group I are almost as resistant
to phagocytosis after heat treatment as before
Strams 014 K7 and 024 K + 1n group II are more

10 100
Q o,
2 o. .
£ \\g,/s
&
< 50 50
o
)
g
a
® £
&
w2 o € M o S

Two phase System Two phase system

Fig 3 Two phase pactiiomng of a h posive £ ool
{left) and a h negatve £ coft O1 K1 (nght) stram befort
(O) and after (@) heat treatment Two phase parlitic:
ning 15 expressed as described tn legend to Fig 1

liable to phagocytosis than most of the other
bacteria and heat treatment rendérs the strains ©\en
more sensitive 1o phagocytosis

The two Ol strains one with K antigen (KI)and
one without are poorly phagocytosed both before
and alter heat treatment

The other strains (028 k- 056 h+ O111k)
possess  differing  sensitivity  to  phagogytoss
028 K- 15 poorly phagocytosed before and after
heat treatment 056 K + s the most phagocytosis
sensitine of alf the tested strains 0 90% and 1 07%
for non treated and heat treated strams respectt
vely Finally, 0118 K~ ss poorly phagocytosed
whether treated with heat o



DIScUssIoN

In Escherichia coli both O antgens and K antigens
\nfluence the surface properties of the bacteria Itis
a well known fact that K antigens render the
bactersa tnagglutinable with anti-O antsbody (8)and
inhibit phagocytosss (6, 13) The present results
wdrcare a direct antt phagocytec effect of certain o
and K antigens Depending on the phystcochemical
properties of the underlying O anugen the ant

phagocytie expression of the K antigen may vary
The search for a correlation between the amount of
K antigen and different mfections may thus be
hampered if the O a dependent  surface

more susceptible to phagocytosis than the K positive
Ol stram This group of strains which show both a
phagocytosismhibiting smooth LPS and a negati-
velycharged K antigen has been suggested as the
cause of primanly extra mntestrnal mfections such
as urmary tract mfections and sepsis (14)

The 03 K3, 055 K59 and 0111 K58 test strains
show partition to the top phase independent of
charged polymers and resistance to phagocylosts
both before and after heat treatment (Fig L, Table
1) In these respects they are similar lo the non-
charged, hydrophtlic S 5 phimurium 395 MS (10)
The presence of S type LPS in these £ coli strams 15

2
properties of the bactersa are neglected Although
the K antigens have not been dentufied

further by thewr content of colitose,
rhamnose and amino-dideoxy hexose it the LPS (9)

i the present experiments, the loss of negative
surface charge after heat treatment has been
interpreted as a reduction of K antigen, since this
reduction was found m K postive but not in K
negative strams (Fig 3)

The parttiomng of bactenia 1n the two-phase
systems depends on charge and hydrophobicity (10,
20) Earler work (16, 17} has shown that
phagocytosis-sensiive R mutants of § £ phimu-
rum collect 1n the dextran rich bottom phase due to
therr hydrophobicity and negative surface charge
Smooth phagocytosis resistant strams on the ather
hand collect 1n the PEG nich top phase due to their
hydrophilic and uncharged surface In S 1 phimu-
rium the surface properties are governed primarily
Dy their LPS (20) On the basis of these data, the
follow ing interpretation can be put forward concer-
rung the surface properties of the £ colt strains
tested The sutface of 01 K1, 02 K1, and O3 K2ab
1 by the lycharged acidic
polysacchande K anugens (16) since the bacteria
collect 1n the dextran nch bottom phase and are
attracted 1o the top phase by TMA *-PEG After
heat treatment which elutes the K antugens the
Regative charge 15 Jost and the bactena colfect 1n the
top phase being b

and the patterns The pre-
sence of S type LPS alone may be sufficient to
prevent phagocytosis The absence of charge on
these test strains, even before heat treatment, agrees
with the observation that K58 and K59 are not

ar At sk S A

. v s
emerged, viz_ heat treatment caused loss of surface
charge, but the bactersa still collected 1n the bottom
phase and retaned a certain negative charge
Furthermore, the heat treatment enhanced the
lLiability to phagocytosis of these bacteria The
negative syrface charge retained after heat treatment
s simar 10 S typhumuriim 395 MR10(10) an Rd
mutant Presence of LPS without S-specific poly-
sacchanide side chamn 1s further supported by the
absence of spectal sugars (ehemotype 11(9) and the
shght negative charge i the tmmunoelectrophoretic
pattern {16) This non K antigen associated negative
surface charge may 1 fact promote phagocytosis,
sinee a certain munimal negatve {or posttive?)
charge seems to be important 1n triggerng the
phagocyuc process (Stendah! unpublished observa-
tion) However, with the negative K antigen linked

Y
haged payimay dhy wmotenng Wac tey now
exhibit uncharged hydropmlic propertes presu
mably Siype LPS simiar to the smooth §
Dphimuriunt 395 MS (10) The S (smooth) type of
O1 02 and 03 LPS 15 further supported by the
‘mmuncelectrophoretic patterns (16) and the pre
sence of specral sugars such as amino-dideoxyhexo
ses and thamnose {9) The surface dominated by the
S type LPS {0 antigen) retains the resistance to
phagocytosis In consequence  only a mummal
werease 1 phagocytosts 1S observed after heat
treatment since the presence of the & anugens can
2dd Intle 1o the already resistant bactera Analogo-
usly the K negauve Ol stram was only shightly

to the part of the bactenal surface, these
?‘actena were refatnely resistant to phagocytosic

I
¢

(5 mat £ s et

~ puiuuoll LELOLe and alter heat treatrment)

these two strams sull show striking
in Iiability to phagocytosis The reason
unknown althowth quantiative differen-

However
differences
for this 1s

19



¢es in surface charge and hydrophobicity due to
acidic sacchanides 1n the O antigen (14) may be of
mmportance In fact, preliminary experiments show
that O56 K+ 1s more hable to hydrophobic
interaction than the other strains The partition of
O118 to the bottom phase 1s not influenced by heat
treatment or charged polymers This strain thug has
a hydrophobic uncharged surface and exposes no K
antigen In spite of the hydrophobic surface
charactenistics 1t 1s poorly phagocytosed

To evaluate the effect of the K antigens on
phagocytosis the properties of the co-evistent O
antigen must by taken nto account In bacterra with
an S type O antigen the K antigen may add little to
the phagocytosis resistance On the other hand
when K antigen 1s present on bacteria with R-type O
antigens 1t impedes the attachment to the mamma
lian cell membranes Although the K-antigen did
not contribute sigmficantly to the phagocytosis
resistance of Ol K~ O2KI and O3 2ab 1 our
serum-free 1 vifro system, 1t may have relevance
1no as impedin by inthibiting antibody binding and
complement activation (5 6) However Byorksten et
al (2) reported recently lack of correlation between
the K1 anuigen and serum interaction

In general, the present two phasc analysis corre-
lated well with the immunoelectrophoretic analysis
of extracted O and K antigens (14-16) We conclude
that the negative surface charge due to K antigens 1s
a virulence attribute which enhances the resistance
to phagocytosis However S type surface LPS also
prevents phagocytosis Thus relevant correlation
between virulence and the K antigens can not be
drawn wthout taking nto consideration the surface
properties conveyed by the underlying O antigens

The technical assistance of Aerstin Hagersien 15 grate
fully acknowledged This work was supported by grant
16\—2183 from the Swedish Medical Research Council
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SURFACE CHARACTERISTICS OF
ESCHERICHIA COLI STRAINS IN RELATION
TO DEVELOPMENT OF BACTERAEMIA

O STENDAHL and B NORMANN

Depactment of Medical Microbiology and Départment of Infecuous Diseases University of Linkoping
Linkoping Sweden

Stendaht O & Normann B Surface characterssucs of Escherichia colt strams in relauon 1o
development of bacieraemia  Acta path mucrobiol scand Sect B 87 93-95 1979

Three groups of E colt bactersa 1sojated from blood viime and faeces were amlysed with vespect to
physicochermucal surface properties in 2queous polymer two-phase systems Eighty-eight per cent of the
bacteria 1solated from blood cuttures showed affinuty for the dextran fich bortom phase whereas 60%
and 30% of the bacteria isolated from urine and faeces respecuvely collected to the same phase
Further two phase analysis 1dicated that the bacteraemua stcains expased more fegatne surface than
the other groups of bactena and that this charge was reduced after heat treatment (70° C 40 mun)
These results thus indicate that the strains causing bacteraemia possess similar surface properues and
may have been selected from the mose heterogeneous group of bactena found 1n unine and faeces It s
further conczivable 10 propose that bacteria found 1n the blood expose more heatsensiive negatively
charged K antigen than the other groups of bacteria

key words Escherichia coli strams surface characteristics bacteraemia

O Stendahl Department of Medical Microbiology University of Linkoping S 581 85 Linkoping Sweden
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Earhier studues of the surface antgens of Eschers
clua cols \ndicated that they exerted antiphagocytic
activity  hnked to

by the fact that the virulence appears to depend
more on the overall physicocherical surface pro-
perties of the bactena than on the qualny of the

and
differences 1n the somatic O antigen and capsular K
anugensi$ 9 11) Basedon

O or K antigens (14) We have adapted a
techmique that permis analysis of the overall

analysis of the antigens Orshov esaf (15 16) could
separate the £ colt stramns into certan groups which
were related to the pathogenucity of the different
strams  They thus proposed that bacterra which
may wvade the tissue and cause exira mtestnal
disease had negatively-charged surface antigens
Quantitative analysis of the K antigens indicated

that k rich stramns were more likely to produce
fenal invohement thae v
e

for

str v = don wonaumng large quantnes of X
antigen 1n bacteraenua (8) may be explaed party

surface of £ ool oruns w stlaben @

Tesistanes 1o host defense mechanisms (14) By
studymg the partiion patterns of bactera
different aqueous polymer two phase systems 1t 1s
possible to reveal the surface properties of the
‘bactena such as charge and hydrophobiesty/hydro-
philicity properties which are of great mportance
with respect to virulence 1n other enterabactersa
such as Salmonelta plumurium (1 13) Earber
studies have shown that the K antigen expressed
uglgauve surface charge on the bacteria but jts
Trelevance as a virulence attribute

the underlying O antigens ( H‘)kpe'r:‘is ?.,s? on






ol the two grotps of bactena (Fig 1B) These results
indicate that the stramns causing Seplicaemia possess
stmilar surface properises and may have been
selected from the heterogeneous group of bacteria
reswding 10 urmne o in the intesting

The properties governing the partiorung of
bacters %o the dextran nch bottom phase are
surface charge and hydrophobraty (7 13) Te
evaluate differences in surface charge the partition
patterns were Studied ustg two-phase systems with
positively (TMA +~PEG) charged top phase 1n Fig
2 the negative surface charge on the bactena 15
expressed as the difference 1n affimty for the
positnety-charged and the uncharged top chase
These data (fig 2A) show that bacteria isolated from
blood express more negalive Surface charge than
bacterna 15olated from urine and faeces Further
more the negative surface charge was sensimve 1o
heat treatment as shown i Fig 2B since the
difference 1n affimity for the charged and uncharged
top phase was decreased after heat treatment Heat
treatment did not alter the surface charge of the
other groupt of bacteria 0 the same extent
although certain mdividual strains lost some surface
chasge

DISCUSSION

The present study supporis the view that the £ coft
strains which cause extramtestinal infections such
as b have simdar ph sur

It has been found previously that £ coli strans
causipg  fenal wvolvement comtamed more K
antigen than those causing urinary bladder nfec
uons (3 5) Furihermore certain K antigens (K1
K2 K3 K12 and K13) were particularly common
10 straios causing pyelonephrits 1n children 16Y In
seplic peonatal menmgius the K antigen was most
common {10) However no such correlation was
found between type ot amouat of K antigen of £
colt strains causing bacteraemua (8) These earher
1nvestigations have studied the amount of K antigen
eluted from the different stramns but have not
cons:dered the relative importance of the K antigen
to wfluence the phystcochemical surface properties
of the bacteria 1n relation to other surface proper
ues Depending on the properties of the uaderlying
structures the significance of the K antigen may
vary even though the same amount of anugens are
present on the bacteria Considening the properties
of the O anngens there appears 1o be no donunance
of smooth stramns since some of the sepuc stramns
show partinonung patterns stmilar to stramns hke
014014

In dus study we did not retate the urinary strains
10 the climcal picture of the patient Thus these
strains may be heterogeneous since bacteria from
different types of urinary tract infection (¢ g acute
P s chronic pyek Ip
e bacteriuria) have shown relationship to different
K antigens (6) Nerther have the K and O antigens of
the stramns been analysed The phystoo-chemical

face properties with respect to surface charge and
™3y constituie a Selecuive group of batiena nor
mally residing 1n the mntestine The majonity (38%)
of the strams tsolated from the blood as compared
10 60 and 30% of the strains 1solated from urine
and Taeces respectively coflected to the dextran rich
bottom phase The affinity for the phase was due
pumarly to incréased susface charge since the
stramns from blood exposed mare egauve surface
harge(Fig 2A) than the other strams and since the
ofterence 1 surface charge and aflinty for the
dexiran rich bottom phase was reduced after heat
uetment (Fig 1B} T would thus appear that a2
Property sefecting bacteraensic strams might de
vend on heat sensiive and negatively<harged
surlace structures In previous studies (14) these
properties have been Wdentfied as the capsular acidic
Kanugens It 1s thus concevable to propose that the
bactena found w the blood expose more K antigens
tlklun the strams isolated from utwe of fasces
OWever 1n addion to the anuphagocytic T
ues of the K antigen ather surfsm p:?p:m;mstch
as fimbna and glycoproteins may mediate speafic
FecoRruion betwreen bactena and mammalean cells

e

between the unnary strams may there
fore either be due to quantitative or qualitative
differences of the surface anngens Nevertheless
heat-sensitive negative surface properties seem to be
virulence attributes 1n the development of bacterae
nua Identification of these surface structures theie
reaction with humoral factors such as the comple
ment system {2) and the effect on the wieraction
with phagocytic cefls and also theyr relatronshup to
different types of unmary tract nfecuons sull
reman to be elucidated

—_—_—
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expression of K antigen on the bacterial surface to
the overall physicochemical properties of the
bacteria  without considering the amount of K
antigens per se

MATERIALS AND METHODS

Bacterial strains Strawns of Eschertchia coli collected at
random were used for the present study They were
wolated at the Chimcal Bacteriological Department
University Hospital Umiversity of Linkoping Linko
png from blood (25 strains) urine (15 stramns) and
faeces (10 strains) The bactenial strains isolated from
blood were considered to be of chintcal importance and
were never regarded as contamuinants The urinary and
faecal strains were chosen at random and data concer
ning the patients were not recorded Only one culture per
person was ncluded 1n the study All isolates were
denufied as strains of £ colt on the basis of colony
morphofogy and routine biochemical tests All strains
were kept at 4° C on deep agar slants cultured on blood
agar plates and checked for contamnation before being
tested
Cultnation and radactne labelimg The bactena
were transferred from blood agar plates to 10 m! of
nutrient broth (Difco) incubated overmight at 37° C
harvested by centrnifugation washed three times 1n
phosphate buffered salme soluton (PBS) and labelled
with Na!25] as described previously (12} After labelling
each strain was divided 1nto two porttons one was kept
at 4° C and the other was placed in a water bath at 70°C
for 40 mun The bactena were then washed twice i PBS
and diluted to 109 bacteria per ml in PBS
Two phase analysis Two phase systems were prepa
red from stock solutions of 20 % (w/w) polyethylene
glyco} (PEG) 6000 {Carbowax 6000 Union Carbide
New York) 20% (W/w) dextran TS00 (Pharmacia Fine
Therneas Oppsda Swederd © Y WM Insoulier Y
and distilled water {1) The final phase systems contained
44% PEG and 6 2% dextran n 0 03 M Tris buffer To
analyse negative surface charges 10% of the PEG was
replaced by bis trimethylammo (TMA)+-PEG (13)
After equilibration at 4° C overmight 2 mil of the PEG
rich top phase and 2 ml of the dextran rich bottom phase
were pipetted nto test tubes To each tube was then
added 01 ml of labelled bacteria The tubes were
inverted repeatedly for mixing and the phases were
allowed to settle for 20 mun at 4° C From each phase
0 5 ml samples were carefully withdrawn to measure the
percentage of added radioactivaty that collected to each
phase The radioactivity was measured 11 an auto gamma
c counter (Inter Plasir France)

RESULTS

The three groups of bactena were analysed 1n two
phase partiton before and after heat treatment Fig
{ A shows the partitioning patterns of the bactersa in
an uncharged system contaiung dextran and PEG

B
% 100
ﬁ *"n
£
L2 .
8 :
e 50 .
] *
g *
- o
o .
R

blood urine faeces blood urine FECes

Fig I Two phase partiionng of 1251 labelled £
strains ssolated from blood urme and faeces expr

as percentage of added bacteria collecting to the detri
rich bottom phase before (A) and after (B) heat treat2t
at 70° C for 40 pun Phase composition 6 2% der
44% PEG and 0 03M Tns buffer pH 70

The majonty 22 out of 25 (88%) of the bacterd!
strains tsolated from the blood coltected prmarly ©
the dextran rich bottom phase whereas st

ssolated from urme and faeces collected mof® &
random etther to the dextran rich bottom phasé &
to the PEG rich top phase However afier Il
treatment the number of strains from P!
collected more at random between the {op
bottom phase and were stmifar to the partiud™é

and

g A 8
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£8
Q
8%
£
= £50
ES
2]
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S
RN foodume fasces  biood unne e

Fig 2 Two phase partitioming of 125] Jabelled £ T‘;Ie
strains 1solated from blood unne and faeces ¢
partition 15 expressed as the difference m percentag® ©
bactersa collecting to the TMA  PEG rich and w0 "é)
uncharged PEG rich top phase before (A) and after {
heat treatment  ~ "~ ™ it
6 2% dextran ¢

or 62% dex

substituted with TMA + PEG 1n 0 03\ Tris buffer P
70
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CULTIVABLE MYCOBACTERIA IN SPHAGNUM
VEGETATION OF MOORS IN SOUTH SWEDEN
AND COASTAL NORWAY
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Kazda J Muller K & Irgens L Coluvable mycobacteria in sphagnum vegetation of moors in south
Sweden and coastal Norway Acta path mucrobiol scand Sect B 87 91-101 1979

etation from moors n south Sweden and coastal areas of west \orway conwtned
Ic‘:,\‘lzlf:aiﬁ:argr:;::::avﬁrxa in 32% and 30% of the specimens respecuvely This frequency of specimens
1s lower than the 50% previously found 1n the partly altered moors of northwestern Germany but the
Scandimavian moors contained a lasger vaniety of species On both ntact and ahered moors M chelonei
and M sphagm sp nov were found the latter a homologous group of 151 strains In south Sweden
the highest frequency was found in S baficum S recunum S teneltum and 5 compacium & mofle
{40-65%) Ip coastal Norway the highest [requency was found in 8 rubellum (48%) which offers
favourable conditions for the accumulation of solar enesgy due to the red brown colour 1 the wpper
parts Combined with a high humidity in coastal Norway i summer tus may coatnibute 1o the
growih of mesophilic mycobactena A sigmficant alfinity of M chielones 1o S foneffum was suated

Key words Mycobacteria sphagnum vegetation leprosy

L M Irgens Insttutt for hygiene og sosialmedisia MFH bygget N 5016 Haukeland sykehus Norway
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Tt has been ascertaimed that sphagnum vegstaton
of moor biotopes provides a sastable environment
Sor the reproducton of mycobactena (Kazda 1937
1978 b} Accumulation of solar heat directly under
1he surface of the vegetauon generates a temperature
up 10 28°C higher than the air temperature offering
Tavourable condiions for the growth of mesophihic
microorgamusms over an extended period of time
Firbas 1931 Jensen 1961 Rudolph 1964 Muller
1965) The sphagnum plants have no roots and no
interna) capllary system (Mdgdefrau 1935 Orer-
beck 1975} and crcutation of useful nutrents
oocurs at the surface where the mycobacterta are
Iving n the so called »grey stratum« (Burgeff
1961) Important nutnents are carbohydrates
sbove all fructose and amino acids  especially
Rlumatic and aspartic acd (Morton & Broadbent
V955 Waksman 1952 Black erof 1955 Theander
195%) The 1on exchange system localized in the

sphagnum cefl wall s a type of a natural 1on
exchange matenal with a continuous crrculation of
substances arising from the peaty degradation of the
plants Brehim 1971 1975) This system provides
fast acidification of the environment (Unschuiz &
Gessner 1934 Puustjari: 1959) Previous investiga
tons have been conducted tn moors partly altered
by cutuvation (Ka.da 1977) This work concentra
1es on the 1solation of mycobacteria from sphagnum
vegetation of intact moors 1 south Sweden and
Coastal areas i western Norway

MATERIAL AND METHODS
Moor Biotopes
The Komosse sphagnum bog coverng an area of 45
km” about 30 km southwest of Jonkopg (57°43 Njar,
13°20 E Jong ) belongs to the Iargest intact bog complex
n south Sweden Tt 15 dmvided 1nto several parts by
numerous rills pools and moraines {Oswald 192)

av
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TABLE 2 fsolaton of Culinable My cobacteria in Various Species of Sphagnum Vegetaton Coastal Norway

Speaimens examined? Average conceatfation
Strams of mycobacteria in
Sphagnum specres Total Positive specimens. polated posiive speciniens
-

Number Numbes Per cent Mumber Counts per gram

pressed vegetatton
S papilosum 45 17 378 25 4019
5 rybellum 29 14 483 19 1088
5 cusp datum 10 2 200 2 182
S compactum 9 2 232 2 m
§ imbricatum 3 2 667 3 310
§ plamzlosum ! 1 1000 1 388

*In addiion 8 negative spectnens of S renettum S apscutatum $ fuscum S palustreand S magellamcum

previously stated the chromatogiaphic companson of
mveolic acd andscates the association (o the genus
Mycobacterum ¢4 nminkin @1 b 1975} The common
moor mycobacterium was designated M sphagnt sp
nov and the mycobacterium found only 1 Scandmavia
was designated M komosseum sp nov according to A
new classification (Ka da to be published)

i square test was applied 1m companng frequencies.

RESULTS

Of the specimens of § balucum § recurvium and S
tenelfum & S molfe found n the Komosse moor
40-56% contatned cultivable mycobactenia  For

TABLE 3 Isolat on and D, of Cuttnable My

species localized on the relauvely dry hitlocks such
as S rubellum S magellameumor S ymbricatum a
frequency of positive Specimens of only 15-20%
was found (Table 1) In the coastal region of
Norway on the other hand the highest frequency
of positive specimens was found 1 S rubellum —
positive 1n 48% of the samples followed by S
papillosum with 38% (Table 2) The difference
between frequency of positive specimens wm S
rubellum collected 1n Sweden and Norway was
significant (p<0 05)

Compared with the German moors whch have
been partly altered by agriculture the Scandinavian

vacew M d ernhofer:

P aman

on Scand) and German Moors
Speaimens examined Strains solated
Ortherse

Sphagnum bogs Total Positive Total M sphag M cheloner M gordamze M komos  and not

specimens sp nov seum  differ

‘Number Number Number Number Number Number Nurnbe,
r  Numbey

Per cent Percent  Percent  Percemt Per cent Per cent P:’;n:

Komosse 3102 99 143 67
10 16 14
{Sueden) ne 1000 468 78 i12 o) 13’22
0?&\2\ regon (24 ki3 51 12 4 12 4
of Normay 296 1000 235 78 238 18 ;'9’3
Sphagnum bogs in
forthwest Germany 147 K 10 i
25
Ka.da 1917} 437 1000 65 % 227 g g :JI 8
* Included 90 specimens of mosses other than sph,
® Included 27 spectmens of Rhacos iy
“ Others M flavescens M Pl

g



Overbeck 1975) An area 2 km northwest of Morko
between Lake Bjornsjon and Marlebacken was chosen
as the site for the tig S hyd

P

of § rubellum 10 of § cuspidatum 9of S compacium
3 of each of S tmbricatum and S fuscum 2 from §
palustre and 1 each of § plumulosum S tenellum §

Y
sphagnum species were collected 1 the S
moor from a complex containing numerous nifls and
pools
In the coastal region of Norway selectton of
sphagnum biotopes was based on information on former
tncidence of leprosy (Irgens & Bjerkedal 1973)

These biotopes included

1) Soligenous moor on the island of Sotra above
Fjeldberg (60°15 Nlat 5°3 Elong)

2) Soligenous moor above Skadal (61919 Nlar 5°26
Elong}

3) Ombro soligenous moor above Skadal (61°19 N lat
5°26 E fong }

4) Soligenous
5°I15E long )

5) Soligenous moor above Stafmes (61923 N fat
5°10E long )

6) Soligenous moor on the i1sland of Hitra (near
Trondhesm) (63°35 Nlat 8°39 Elong)

7) Soligenous moor on the Flora moor compleX near
Risvollen (63°32 Nlat 11°40 E long)

moor  near Gperde (61°25N lat

Selection of Sphagnum Specimens

From the biotopes 1 Sweden 20 specimens of each of
the following species Were taken S imbricatum S
magellanicum S rubetlom S papilosum § fuscum §
cuspidatum S tencllum S balucum S recunum S
acutifolum and S compactum & S molle

and § 1 was collected

The specimens were handled with stertle plaste
gloves transported to the field laboratory 1 sere
plastic bags and refrigerated (0~ + 4°C) until they could
be examuned In the laboratory a specimen of the
vegetation was placed 1 a 20 ml plastic syringe and
moistened with a 50 50 nextuce of heat sterilized water
and distilled water After 10 mmutes the water ws
pressed out of the samples which were weighed The
flud was centssfuged and the sediment resuspended m 2
ml of 0 9% NaCl Petri dishes contatmng Middlebrook
TH10 agar medium with 4% beef serum were moculated
with a series of diluted suspenstons (10 110 10~) Thee
were incubated for § weeks at 31°C The colonies wert
differentiated according to their morphology Smears
were stained by the Zichl Neelsen method Colones of
acidfast bacteria were counted 1solated and grown i
subcultures Strains demonstrating true branching or 81
rrregular weak acid fastness were not mcluded in the
further differentiation of mycobacteria

The exammnation of the biological and brochemicat
properties of the 1solated strains followed with some
modufications  the procedure set forth in Bergeys
Manual (1974) The following properties were evaluated
growth rate at 22 31 and 37°C mtrate reducust
(Boricke 1962) Tween hydrolysis (Way ne 1966) amida
ses (Bomcke 1962) and the utilization of glucose
arabimose dulcitol fructose galactose mannttol man
nose sorbitol and xylose through carbo hydrate nire
{Boniche & Ka da 1970)

In Norway the selection of sphag was
based on the occurrence of the species m the region
29

The mycobactenal strains were classified according 0
system duced by Sarto e al (197D 4

concerned A total of 45 of § T

TABLE | /Isolation of Culnsable My cobacteria in Varion

a

us Species of Sphagnum Vegetation on Komosse moor

Positive specimens?

Average concentralion

Strains of mycobacteria in
1solated Pposttive specimens
Sphagnum species
Per cent Number Counts per gram
umber pressed vegetation
S balticum 13 650 ,25! , 597;
S recuryum 10 500 s 5
S rtenellum 9 453 |]| Jos
S compactum & 8 40
§ molle s o
S papillosum ; ;(5) g ! 2
S st s 00 ; 1ost
S acutifohum : ;g g $ n
S imbricatum ; 300 : 5
S magellanicum ; 5o ; 4
S rubellum

 Total number of specimens per sphagnum spectes 20



TABLE 2 Jsolation of Cuinvable b cobotiena w Various Species of Sphagnum Vegetation in Coastal Norway
Specimens exatmed? Average concentratiort
Strains of mycobactena in
Sphagnum Species Total Tosiuve spectmens wolated Positive Specimens
Number Number Per cent Number Counts per gram
pressed vegelaton
4019
§ papitiosum 45 i1 178 25
s pr:bellum 29 14 483 19 1088
§ cusp datum 10 2 200 2 182
8 compactum 9 2 212 2 m
§ imbricatum 3 2 667 3 310
§ plumulosum 1 1 1000 1 383
*1a2dd uon3 of § temeitum S

v
moor myeobacterium was designated M sphagnt sp
nov and the mycobactersum found only 1n Scandinavia
was designated M komosseum sp nov according 10 a
w% classificauon (Ka da 10 be published)

Chrsquare test was applied 1n comparing frequencies

RESULTS

Ofthe spectmens of § balticum S recurumand S
fenellum & § molle found 1a the Komosse moor
40-56% coptamed cultvable mycobactena For

S fuscum S pofustresnd S magelfonicum

species localized on the relatively dry hillocks such
as S rubelfum S magellanicunt or S tmbricatuma
frequency of positive specimens of only 15-20%
was found (Table {) In the coastal region of
Noreay on the other hand the highest frequency
of positve specimens was found n S rubelfun —
postive 1n 48% of the samples followed by S
papiffosum with 38% (Table 2) The difference
between frequency of positive specimens m S
rubeliutn ¢ollected 1 Sweden and Norwmay was
signeficant (p<D 05)

Compared with the German moors Which have
‘been pantly altered by agriculiure the Scapdinavian

TABLE 3 Fsolation and D fferentiation of Cultnable My cobactersa on Scandinavian and German Moors

Specimens examned Strams 1sofated
Otherse
SPhagoum bogs Totat Posiuve Towl A sphag M cheloner Af gordonae M komos  and not
speaiiens 3P an Setin differ
Number  Number  Number  Number  Number  Mumber  Number  Dumber
Tpercent  Percent Per cent Per cent Per cent Percept  Percent
hay
[S‘“;f’:f) o 9 143 67 0 16 14 36
n9 1000 468 70 12 98 52
s;’f:“’:gm up 3 5 M 4 12 4 19
26 1000 135 78 233 1% 373
Sphaghum bogs 1
Y
mﬂ‘.‘;%‘mﬂv 147 :g , 1o 72 25 o 0 13
= 1000 655 27 a [ e
* toctudes
\ !m.\w’x?x ssm::n; of mosses other than sphagaum

of Rnacomuterum lanaginosum

Owhers Af flavescens A vaceee M d ernhofers

99



TABLE 4 Distribution of Cultnable Ascobact rial Spectes withn Various Species of Sphagnum Vegeranon on
Komosse Moor

Strains isolated

Sphagnum spectes Total M sphagni M gordonae M chelonet M homos-  Not gffer
sp noy seunt sp nov entted
Number Number Number Number Number  Number
Per cent Per cent Per cent Per cent Percent  Percent
§ balticum 21 15 3 0 2 l—_
1000 74 143 0 95 48
S recunum 18 10 2 0 2 4
1000 556 i ?
S tencifum 12 I 0 (5) l; ! Z-Zl
1000 83 [ 47 167 133
S compactum & S molle n 5 1 0 3 2
1000 155 91 0 73 181
S papilosum 7 3 1 0 0 3
1000 429 142 0 0 29
S cuspidatum 7 4 0 0 | 2
1000 571 0 0 143 36
$ fuscum 4 ! 1 1 0 !
1000 250 250 250 0 39
S§ acuufolum 8 3 0 2 0 3
1000 3715 4] 250 [ 35
S unbricatim 8 I I | 0 5
1000 125 125 125 0 625
S magellanicum 6 5 0 0 0 1
1000 833 0 0 o 181
S rubdlum 1 0 0 0 [ !
1000 0 0 0 0 1000

moors showed a lower frequency of posiive
specimens. 5U% Tor Germany, 30% lor Sweden
and 32% for Norway (Table 3) However, several
species such as A gordonae M accae M
diernhofers and a hitherto unidentified group of
mycobacteria labelled as A Aomosseum sp nov
occurred only 1n the Scandinavian sphagnum
vegetation

In almost all types of sphagnum the species most
frequently 1solated was M sphagm sp nov (Table
4), a homologous group of 50 strans An
exception was S senelfun where only 8 3% of the
strains represented M sphagm while 41 7% repre-
seated M cheloner

The frequency of M chefoner was signuficantly
tugher in.S tenetlum than i other sphagnum types,
(p<005) A chelones was wsolated also 1n S
Suscum S acttifolewn and S wnbricatim but was
absent 1n the remamning types of sphagnum M
komosseum sp nav which occurfed most frequently
in S compactum & S molle {27,3%), was 1solated
also in S bafticum S recuryum, S tenellum and S

cuspidatum This species seemed to prefer hydrophi®
Y sphagnum types M gordonae occurred n e
types of sphagnum, without evident preference for
any type

DISCUSSION

The importance of sphagnum vegetation as a so®
of mycobacterta 1s evident This 15 clanfied by
findng cultivable mycobacteria tn sphagnum spet
mens, and by the demonstration of growth of a 1ot
of mycobacterial species in the grey stratum ©

h Vi after e mocutatio®
(Kazda 1978 b) The difference mn frequency of
posttuve specimens of S rubellum collected in sodth
Sweden (15%) and coastal Norway (48 %), indi®
tes the influence of chmatic factors especidlty
humidity According to the »Atlas de chimate ¢
Norwege« {Mohn 1921) the maximal relath€
humidity on the Atlantic coast of Norway has beelt
recorded durnng the summer In other parts of




Norway and south Sweden the fughest humdity
occurs m winter S rubellum offers favourable
conditions for accumutanion of solar energy oe 1o
the red brown colour in the upper part of the plant
M sphagnt sp nov may be considered as permanent
1 the sp! 23 while M
sp nov has as yet been 1solated only 1n intact
Scandinavian moors It may be of interest to clanfy
whether this species occurs only on the Scandina
van pennsula or also 1 imntact moors on the
European continent The finding of an affinity of Af
chelones 1o § teneflum should be further examined
It 15 imterestng to note that most suitable
for growth i
vegetation were found 1n localities 1n Norway with
formerly high leprosy macidence rates A study on
the occurrence of non cultivable mycobacteria in
this vegetation IS In progress
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THE INTERACTION OF PENICILLIN AND
CHLORAMPHENICOL AGAINST MENINGOCOCCI
IN VITRO

OTTO SOLBERG! and BJORG MARIT ANDERSEN"

Solberg O & Andersen B M The mteraction of penscillin and chloramy

phenicol against memngococcr
1 viro Acta path mucrobiol scand Sect B 87 103-107 1979

Combinations of pemcilin 2nd chtoramphenicol are frequently used instally 1n the treatment of
bacterial memngitis The simultaneous effects against menmgocoees of these two drugs were examined
¢t viro 10 a chemically defined protemnfree medivm The mvestigation was performed with different
combnations of the antibioucs including optimal concentrations In most instances peniciltin and
chloramphenico! seemed to have an additive but not an 1s0 addiuve effect No antagomsm was found
and only one out of mme strains showed mdifTerence

Key words Aeisserra memngitidis combinations of antibiotcs  isobologram

Otto Solberg National [nsutute of Public Health Depastment of Bacteriology Oslo Norway

Recerned 13vi 78 Accepted 19 x 78
Combinations of antibactersal drugs may for

MATERIALS AND METHODS
instance be used as emergency treatment of serious
mfections before. bactenological exammnations are  Boctenal strams Nine isolates were studied exght from
completed Combinitiems af ro m oo stoorn s pauents with memingococcal infections and one from a
. healthy carnier {strain 247) Five were serogroup B (270
an 840 3967 8884 an

. (247 All were resis
o benzylpenicillin amperl
tut dLuon ol the bactericidat drug requtres bacterial ramphenicol (AB B; e on e w27 ctlo
erowth (8 10 12) 12 v1tro and i 110 studhes have €Oy The isolates
indicated that penicillins and fetracychines act  morphology gros
antagonsstically (7 10) Jn vurro chloramphenicol ~ The strains we;
may interfere with the effect of benzylperuailiin  Microbiology Ullevaal Hospnal Serog
aganSt streptococc (8 9 16) Sleans was kundt e Ol S
The purpose of thys study was 10 examtne the :;olauun e
simultaneous effects of penicittin and chloramphen D;’;i ;5“
ol against memingococry 1 a chemically defined a 1’3)“:" T "
:;_o:;'n free n;_edmm{“hcre only mimmal amounts bicarbonats w
< ntrtermg fators g sy b orMUE were dissolved 1n disylled
i Water 10 $00 m) The pH Wasadjusted 0 58wt | 3



NaOH before sterile filtratson by Gelman cellulose
triacetate membrane filter of pore s1ze Q 2 pm

The following solutions were prepared and added
successively to solution a

b} G 2 mg cocarboxylase 0 1 g L glutamune and 0 |
mg vitamin Byz1n 50 ml distilled water filtered sterilely

€} 10 mg haermin (X factor) dissolved 1n | 25 ml | M
NaOH and 2 § mg NAD {mcotinamude adenme dinucle
otide V factor) diluted 1n distilled water 1o 50 ml
filtered sterilely

) 002 g yon chlonide FeCl; 6H,0 m 50 mi
distilled water filtered sterilely

€) 10 0 g agar Oxoid L 11 and 3 g soluble starch (Dif
co) mn distilled water to 400 ml autoclaved at 120° C for
15 muinutes

015 g disodiem hydrogen phosphate Nay HPO4 12
Hy0 dissolved 1 50 ml disulled water autoclaved at
120° C for 15 menutes

The final pH of ts medssm was 74 £ O 4

Checkerboard ntration of antibrotics Benzylpeniaillin
Na{A/S Apothekernes Laboratorium Oslo Tot 143)and
chloramphenicol (Norsk  Medismaldepot  Oslo  lot
711200) were dituted in sterile distilled water 2 § ml of
each diuhion was 2dded to 45 m! agar medium and
finally poured into a Petr: dish (90 x 15 mm) The

activity aganst a bacterial strain the MIC of exch of g

drugs in the vanous ratios may be expressed as a decinal

fractiont of the MIC of the respecitve drug when actng

alone This decimal fracuon 15 sermed wractiny'

Inhibitery concentration< (FIC) The results an b
d Iy as an » tsobolog;

P nf

RESULTS

The MICs of the niné strains studied were 0013
0030 pg/ml for benzylpemcillin and 04506l
pg/ml for chloramphenicol (Table 1) Simbs
results were observed for each stram with large
1noculates (106 CFU)

The t with small ¢ 0
benzylp usually enh d the effect o
Jl shightly owe

Ci at

than the MIC (Table 2} Smal] doses of chloramphe

nicol did not visibly affect the meningococe: whet
bined with benzyl ln 1n

near to MIC However when the chioramphenio

concentration increased a Stepwise reduction of ti

benzylp conc that inhibited growd

antibiotics were filtered sterilely by brane filter 0 2
pm before being added to the agar medium
These dif Yielded test from 0 010

to 0 042 pg/m! benzylpemcillin and from 0 05 o 0 70
pg/ml chloramphenicol

The moculates were prepared from growth on heated
blood agar ( d 1 an 5%
CO; for 18 hours) with & platinum loop into sterite 0 9%
NaCl mixed with 2 Rotamixer and adjusted o an optical
density (O D ) of 0 600 at 620 nm measured tn a Duran
tbe {16 x 160 mm) in Hitachi Spectrophotometer
model 101 Thys suspension was equivalent to about 109
colony forming uaits/ml {CFU/ml) For each stram
two dilutions of approximately 5 x 104apd 106 CFU
were transferred with a Denley multipoing mnoculator to
two parallel agar plates The agar plates were read after
incubation i §4 CO at 37° C for 18~24 hours The
muntmal mhibtory concentratton (MIC) was defined as
the lowest conceniration gwving at least 99} gronth
reduction

Defimuions of combined antibacterial effeet The most
common combined antibactersal effect 15 ndiffercinee
where the acuvity of the combination 1s equal (o that of
the more active member of the pair with no contribution
from the second less active drug {7) Syaergism denotes a
sigmiicantly (four tmes or more) greater effect of the
drug combination than the sum of both drugs An
addine effect occurs when the combined acuon s
greater bt not sigmaficantly greater than the sum of
both drugs when used alone fso addinon occurs when
the combined action 1s equivalent (© the sum of the
actions of each drug when used alone (1) Antagorismt
occurs when the combined action 15 significantly (four
tumes) less effective than that of the miore active agent
whet used alone {7}

Jsobalogram To compare two drugs with ay

ferent

was observed One stramn 270 showed differenct
with this no antagomstic effect was found

The 1sobolograms showed 1o 150 adtine et
of the two anubiotic drugs and no synergtsm (Fiz
la and b) Varying degrees of addyine effects Wert
observed for each stratn except for stram 210
which showed indifference

The additve effect of the two drugs was seen
most clearly when moderate amounts of each agent
were muxed together (about 50% of the MIC value
for each d) or when low conce! of
benzylpenicillin were combined with higher concen
trations of chloramphenicol

TABLE | Mumal Inhubutors Concentrattons (gl mi)of
Aune Mening xcoccal Strains

Benzylpenicillin Chloramphemcol

Stram
247 0018 060
270 0018 045
314 0030 p4s
840 0026 045
837 0018 060
1821 0018 080
3967 0018 060
8884 0026 060
9181 Qa2 (29

_——



TABLE 2 Mod fied Carré Methodson Agar Strain 247

Benzylpenici) n [pg/mi)

0034 0030 0026

Chioramphen col {ng/ml)

0022 0018 oo04 o010 000

'

t

[ I I
'

i
P R

P e

adref 4y
at least 99% growth reducuon
BIOW!

-

DISCUSSION

The action of aftibiotrcs both alone and s
combimanons may be influenced by a number of
factors The effect of protem binding of pemcithn 15
weli know n and may be eliminated 72 14fro by using.
a protein free chemycally defined medum The
adverse effect of agar on anubiotits may be reduced
by using washed agar (5}

27

FIC-penzyipenit thin

FIC ~enoramphen cot

Fg faond 16 Isobolograms foc maesteans of N mentng s dy FIC

Mn mhub conc 1n comb nation
—— T N 2D Taben
Mo kb conc s ngly

1

Against some bacteria benzylpentci)in may have
sts optimal effect at a certair concentration (3 Qur
mvestigation was performed at optimal concentra
hons of the two antibioties and aiso at fower and
fugher concentrations However smce the results
were read after 18~24 hours w¢ could not observe
ihe rate of the antibacteria effect dunng this perod

The bacterial densty used m this study corre

FiC-benzylpenic it n

FIC= ¢hioramphenicol

Fractiona! Inh b 1ory Conc

ws



sponds to that often found n cerebrospinal fluid P
(CSF) 1n patents with bacterial meningitis before -~ \\
antibactersal therapy (3) Using megadoses of 4/ Antagonism p
benzylpemicillin the concentrations of benzylpencil / \
lin 1n CSF have been shown 1n many mstances to /
fluctuate between not detectable and 0 3 pg/ml (6 4
15) The MIC of memingococer vsually varies e indiflerence "_
between 0 02 and 0 3 pg/ml (15) If about 60 per S
cent of benzylpenicillin reaching the spinal Mind 1s
bound to protern the remaining effect ts correspon
dingly smaller Chloramphenicol passes readily
both normal and pathological meningi

Our i1 110 mnvestigation showed that fow doses
of benzylpenicillin seemed not to tnhibit the effect of
chloramphenicol If this also applies to the i vno
situation it must be of particular importance very
early or late i the disease when the mening1 are
almost normal In the normal uninflamed state the
meninges present a relatively effective barrier to the
entry of the hipid insolubile penscilin molecule In
addition there 1s evidence that peniciilin 1s elimina
ted from the CNS by active transport through the
choriord plexus (6) The CSF pemicillin concentra
tion rises with increments 1n menngeal inflamma [}
tion (6) Whether this 1s due to better permeability Drug A
of the meninges or to ihibition of the transport
away from the CNS 1s at present uncertam Fig 2 lsobolograms for drug A and drug B shewiy

However the proportion of pentcillin and chlo  indifference addition 1so additton and synergism
T h ! changes cont yasa
of fluctuations n serum concentration In our
nvestigation concentrations of benzylpenicillin just
about the MIC values were indifferent to low doses  antibiotic indifference 1n all combmations % hethey
of chloramphenicol When using this combination  this combrned activity 15 more bacteriostalic thay
1n clinical therapy the contrary may be observed  bactericidal cannot be determtned from this study

-7
Vs
s

N, Addition

e

Drug B
e

(3
<

nergism

7

7
7

~. N,

N ——————————

viz low concentrations of benzylpenteilln and huigh Jawel. et al (8 9) demonstrated an antagonisie
concentrations of chloramphenicol This may occur  effect of penicillin and chl()jamphemcol qn\yj v»\::;\
1n all poorly accessible tissues the latter was given before or togetner ‘felre

The 1sobolograms are products of special carcum  benzy Chlor | did not interl "
stances during the mvestigation and strictly spea  with pentcldlin when 1t was present e\\he;‘ qd
king are only valid for ths situation 2 11 14) If  concentrations below bacteriostatic levels or 1 (!”
the combinations act indifferently the lines to the concentrations Yourassonsky & Monsieur

d ded that the between chioramp

pant ef equal bologrcal effect may form a
together with the coordinates (Fig 2) The antago  henicol and benzylpemciliin in a figmd mfd:;l:
nistic effect may be demonstrated when the sobole  occurs only with a low concentration of chlora i
surpasses this quadrate Two drugs that have an  henicol (0 1-5 pg/ml) However after ev(poﬂ;rt o
1sobole which surpasses this quadrate for one or 24 hours the results were nearly the same orm
more may act fly In In our different ool‘ndd
tions of benz; and chlor 3
vo the relattve proportions of two drugs change nal
;('Jmmuously The muxtures may therefore be not exhibit antagonism after 18-24 hours tut
antagomstic 1f they show an antagonistic 1sobolic rather some additive effect
pattern
In our nvesugation low doses of chrorampheneld
woptimal« doses of benzylp seem
o a:\d dxfpl"erem\y whle all other combinations of Ve are grateful 10 Mrs Grete yhre National Insttuté
Y af‘ mdmgs seemed to have an additrve but ot of Public Heatth Department of Bacteriology Oslo for
- ad‘:i‘:uve effect However one stran showed excelfent techn cal assistance
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ELECTRON MICROSCOPICAL STUDY OF
NEISSERIA MENINGITIDIS RELEASING VARIOUS
AMOUNTS OF FREE ENDOTOXIN
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dis
Andersen B M Skjerten F & Solberg O Electron microscopical study of Newsseria meningil
releasing various amounts of free endotoxin Acta path microbiol scand Sect B 87 109-115 1979

A study has been made of the ultrastructure of faur strains of Mersseria menuigit dis which Iiberate
varying amounts of free endotoxin 1n a chemically-defined protemn free medium The two stramns which
did not relsase detectadle or onlv sparse amounts of free filtrable endotouin were rather umform in cell
stze Their cells appeared to be mtact and showed a low tendency to aggregate In addition cells of these
strains showed only sporadic loose trilamunar membranes and blebs and free membranous structures
were sparse i the medium The endotoxin releasing strains Diberated a high yield of free structures
from the outer ¢ell wall into the medim These structures may represent the lipopolysaccharide (LPS)

Key words Aeisseria memgidis ultrastructure free endotoun

B M Andersen Depariment of [nfectious Diseases and Internal Mediane Ullevaal Hospital Osto

Norway
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Gram negative bacteria release endotoxin into the
surrounding either as a result of vigorous growth
(3) or of spectal environmental condstions (9) The
same also applies to the merungococe: (4 10}

In a previous study (1) the Lberation of
endotoxin dufing 12 11tro growth of memingocoest in
a modified protein (ree medum was found to vary
between strawns and appeared to differ withun the
serogroup Maximum endotoxin hiberation oocurred
a few hours after the stationary phase was reached
The same pattern of endotoxin liberation was also
observed for each strain under other growth
conditions

The purpase of this investigation was 4o study the
ultrastructure of four strans which liberate yanous
amaunts of free fiitrable endotoxn

MATERIAL AND METHODS

Bacter al stra a5 Eour wofates were swdied three from
Fatients with menmertis (370 714 $4M and one from a

One strain was serogroup A (714) two were B {270
and 840} and one was Y {247) The stramns were
subcultured on heated blood agar five or more nmes
before investgation

Medusn The medium was prepared as described

previously (1 12 13) 9867 g dehydrated medrum 199
with Eagles memnt oot . .

nate 3gdext -
hydrogenpho ..
free water to -
b M NaOH o vte suuanon through 3
pyrogen free
prefilter and a membrane filter (1) *
Cell growth Precultures were grown for 18 h o
n
heated btood agar at 37°C 1 § pet cent CO; washed tn
sterle. pyrogen free saline (09 per cent NaCl) three
umes and adjusted 10 an OD of 0 6 eqivalent to a colony
count of 108~109 per m! Opucal density was measused
by Beckman Model DU 2 Ultraviolet Spectrophotorma

fer wave lesgth 620 nm and sht 0 04 mm



One ml of these suspenstons was transferred to 40 ml
growth medium The fina) cultures were grown for 18 h
at 37°C 1n 5 per cent CO2 spun down at 3000 X g
washed and prepared for electron microscopy

Electron microscopy The pellets of bactenal cells were
resuspended and fixed in 2 per cent glutaraldehyde n 0 !
M phosphate buffer for 2 h The cells were spun down
washed m 0 1 M cacodylate buffer and fixed 1n 2 per
cent osmitum tetroxide 1n the same buffer for 2 h The
material was then dehydrated in graded ethanols and
embedded 1n Epon 812

Secttons were cut with diamond knives on an LB
Ultrotome I1[ stained with uranyl acetate and lead
citrate and examuned 1n a Philips EM 301 §
Micrographs were taken at 15 000-45 000 x magmfi
cation and enlarged photographically three times

Endotoxin determunation  Endototun deterrminatton
was made as described previously by the Limudus lysate
glass shde test procedure (1) All equipment was
ascertained to be pyrogen free and all procedures were
carnied out aseptically

The culture was filtered through stenile non toxic
filters {extension set with final filter Travenol code
2C0240) with pore size 0 45 pm The filtrate was stored
at =20°C before examnation

Endotoxin was also investigated 1n sontcated samples
from the culture {Branson Somic Power Company Mod
D 12 Sonifer cell disruptor) using microup for 12 min
and in centrifugated samples thigh speed ultracentnifuga
tion Sorvall 9770 x g at 20°C for 30 min)

RESULTS

Endotoxin determunation  Free endotoxin was not
detected 1n filtrates of medium after growth of cells
of strain 270 and only traces were found n the
tnoculate used for growth of strain 714 (Table 1)
Both stramn 247 and 840 Lberated free filtrate
endotoxin

When somcating the bacterna high yields of
endotoxin were obtained from the crude material of

TABLE | Memngococcal Endotoxin ot Filtrates from
Cultures of Meningococet Deternuned by the Limulus
Lysate Test

Hours Strain

247Y) 270(B) 714(A)  840(B)

0 - - - -
8 1/1002) - - 1/1000
24 1/200 - - 174000

ndotoun 1n the moculate

- ble endotoun E
not detectable o0 11 840

starting the cultores 247 17100 271
17100

3) Endpotnt dilution for postiive Limulus lysate test

ENDOTOXIN
3
g

o x
HE/
a2 L) ° 22 U

Fig ! Endotoxin Iiberated from mensngococcal Stsi
270 and 840 Sontcated crude material 0 0 1
medium which was only filtrated after cell growtht
x

all four strams as shown for strain 270 and 840+
Fig 1 Endotoxin was also found 1n supernatants ¢
centrifirged samples of strain 840 but not of strat
270
Electron nucroscopy At the tme of fisation lh
viable and direct counts were nearly the same i 1
the bactersal cell cultures The bactersa of the gro¥
B stramn (270) which did not liberate endototutn ha
the most uniform cell size In contrast to the hugh!
endotoxin releasing group B stramn (840)
bacteria were usually intact

All stramns studied showed the characterstt
multilayered cell envelope of Gram negatne back
na Two trilammnar membranes were evident “‘:
the 1ner plasma membrane and the outer end¢
tovn-containing membrane (Fig 2)

Especially m stram 840 the outer trilamnd
membrane was often pulled away from the rest ¢
the cell wall or 1t continued to a neighbounng o«
as 1f the cells had been pulled apart before the ¢
division had been completed (Fig 3) In som
places this outer membrane encompassed the celk
formmg a rmng of cells and membranes Tw
clustering tendency was not found for straint b2l
the small cells of which were usually lyng e
unctly separated from each other A few rodliht
trilaminar structures were also found in all group!
most frequently in stramn 840 (Fig 4) This steat
and the other endotoun releasing strait 24
generally d b bleb
and aggregates for fre¢ mem
medwm (Fig 5a b Fig 6)

branes and blebs 1 th
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£1g 7 The prastna membrane ta) and the outer cell wall (b) 15 clearly seen 0N this meningococeus cell of stram 270
Magnification 137 000 x

Fig 3 The gter titamupar membrane continues between exlls (arrows) M
SMagnificauon 46 000 x

strain 840
11



Fig 4 Rod like trilammar (arrows) and some tubular struct
strain 840 M. 46 000 x ctures are present 1n the med um after growth of cells of
Fig 5 a) Aggregates of blebs and membrane fragments 1n the medium after growth of cells of memngococcus strain

247 Magmificauon 46 000 X
) Higher magmifcation showing the tnlamunar structure of the blebs A larger ring formed structure consisting of

two trilaminated membranes 1S also present Magmfication 137 500 %
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Fig 6 Biebs. tubalar siructures snd membranes are dispersed i the medium afief growih of cells of memmgococcns
syam 840 Magrufication 46 000 x

Fig 7 Small blebs and rubules are present on the surface of cells of the non-endotoxin iberatng strain 270 None of
hese structures of aggrigates of membranes are observed i the growth medvm Magaufication 46 000 x

3



The two trilaminated membranes appeared Spo
radically m the medim as large, ning-formed
structures (Fig 5b) The plasma membrane seemed
to disrupt easily when the two triamunated
membranes were separated

Surface blebs of varying size were detected 1 all
specimens In the thin sections of washed bactersa,
spherical surface blebs were only sparely distribu-
1ed, and not all bacteria contamed blebs Tubular
blebs were found sporadically 1n all stramns, most
frequently 1n the group B meningococer (Fig 1)

The strains that released only sparsely detectable
free fillrable endotoxm differed from the endotoxin
releasing strains 1n the following characterstics
) The cells were more untform 1n size were mitact

and were not generally attached to other cells,
b) Loose trilaminar membranes blebs, aggregates

of biebs or other structures were only sporad:
cally detected in the medum

DISCUSSION

DeVoe & Gilchnist (4) observed muluiple cell wall
blebs on the surface of three strams of N
menmngitidis (group A, B and C) taken form log
phase cultures These blebs contammed endotoxin
However, the cells {rom the stationary phase
cultures showed no surface blebs In our study
many bacteria still had surface blebs of varying size
even 1n the stationary phase This Was demonstrated
11 the four strams examned (group A, B B and Y)
Thus difference may perhaps be caused by the use in
this study of a chemmcally-defined, protemn free
meduum  since the formation of cell wall compo
nents 1s probably dependent on the growth condi-
tions (4 12)

Tubular blebs could be demonstrated 1n the group
B menngococet and these structures were rather
long and numerous Contrary to DeVoe & Gilchrist
(4) we also found shorter tubular structures tn
group A and Y meningococct

Blebs attached to the cell wall and free blebs m

the medium had a trilamsmar Structure and seemed
to originate from the outer, trilammar endotong
contaiung membrane These cell evaginations are
propably not artefacts during preparation since
these structures can also be found with negawse
starmng which 1s 2 more gentle procedure (7)

Trlaminar structures and blebs are found m the
culture supernatants and w the cell envelop
fractions (8) Hill & Wess (8) demonstrated large
open segmented trilaminar structures from the cell
wall enriched fractions containing most endotoun
In our study, the strains releasing free filtrable
endotoxin differed from those Which did not relexse
endotoxm In that they had substantially more
partiaily free or free fragments of outer trtlammar
membranes and biebs and there were agpregates
of these membranes and blebs wn the medwm
{Table 2}

This agrees with Zollinger s proposal (16)that the
outer trilaminar cell wall membrane may represent
the Lipopolysaccharide (LPS) component with the
charactersstic properties of bacterial endotoxin

Why only two out of the four strains liberated
d of free requires at
explanation Aggregation of LPS gives a large range
of particle sizes 1n the solution (6) However ¢
aggregates observed 1n the two of the four straws
would not be retamned on filters with pore size 0 22
pm or larger (15) Netther could affinity to fiter
membranes as found for other membranes i 100
(14) have been the cause When the samples %er
spun down, endotoxin could stll be demonstrated
for stramn 840 but not for 270 Thus the differenct
must be real and must correspond to the findings by
electron miCroscopy

The need for different growth requirement
smught partly explam the varying behaviour of the

four strams studied Increased growth rate aod
aseration may sigmficantly increase the LPS content
1 the group B memingococer and thus has a straid
specific variation (§) Perhaps this varying LPS
content might explain the different amounts of fre¢

TABLE 2 Electron Microscopical Characterstics of Four Strams of Memngococet

Strain
Characteristic Sran, o) . wa
Free membranes + ] : ; ) - ) : :
Free blebs +4 15 (+) o
Free tubular blebs (+) + t :
Aggregates of membranes and blebs ++ - o I
Disrupted celfs +

— usually not detected () few + moderate n
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LPS also found mn non varatton m the protetn and hipopoly
' g " of the group B
10) However, the two group B T,
(studlsd by us one with free endotoxin and the other %1_’2“(‘1‘ membrane J Bacteriol /2
with none had almost sumlar endototun content n Fupme S Chen F C & Chu B Characienzation
m-f; ol :::mm Wh;n sszam liberation may of memngococcal polysacchacides by optmal mix
e mechamsm of endototin 1l

mg spectroscopy 1 Effects of temperature EDTA
therefore not be related directly to the amount of and tontc Strength on aggregation of group C

EN
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the bactenial strains, such as cell wall strength 963 1977
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GENETIC TRANSFORMATION IN
STREPTOCOCCUS SANGUIS

Spontaneous and Induced Competence of Selected Strains

P GAUSTAD JORUNN ERIKSEN and S D HENRIKSEN

Kaptein W Walhelmsen og Frues i Insttutt
Unwversity of Osto Oslo I Norway

The National Hospital

Gaustad P Enksen J & Henrksen S D Genenc transformauon n Streprococeus sanguis

Spontaneous and 1nduced competence of selected surains Acta path mcsobiol scand St B 87 (T~
122 1919

Nine strams of Strepfococcus sanguss were examined for competence in genetic transformauon with
Sueptomycin fesisiance {3ty 1) 25 marker Eight strains beloaged (o serogroup H and ope o the newly
described serogroup ¥ Seven of the strains one of whnch was the reference stran NCTC 7868 (strain
Challis) were competent with str r DNA from stram Challis Strains NCTC 9124 (stram Wicky) and
430 were incompetent The effictency of transformation was examuned m four different media Use of
Todd Hewitt broth gave frequencies of transformaris 2s Wgh 2s the more complet media Additron of
serum 10 the transformation media was pot essential for the development of competence The presence
of a competence factor (CF) n the culture filtrate of stran Challis Was confirmed The factor
transferred stram W 1cky to competence with a great vanation 1n the number of transformants and had
10 1mfuence on strain 480 On the other hand this spontaneously incompelent sirain became competent
after addstion of culture filtrate from the competent stran 135 1n contrast to Wicky which pow

remamed incompetent Thus t 1s suggested that several factors are involved m the inducuon of

competence of § sangurs

Key words Streprococcus sanguis competence culture filtrates competence factor
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In 2 previous paper 95 straws of Streprocaceus
sanguis 90 of which showed spreading zones
around the colonies typical of rwitching motility
WEre screened for thewr abihty to undergo genetic
transformanon {3) Seventy two strams 68 of

serogroup H and four of the newly-described
serogroup W (4) were £ d to

Pakula and conorkers (11, 12) reported that
stenle filtrates from culwres of 2 competent
streptococeus serogrovp H stram Chathis contamn 2
competence factor (CF) which induces competence
in a non transformable stran Wicky of the same
serological group

e purpose of this paper Is 1o examne the

resistance Spreading zones agound the colontes
coTresponding 1o twatching moulity and fimbration
g; 1d not seem 1o be a requirernent for competence

The term competerce 1 defined as the ability 1
vndergo transformation by homologous DNA The
rhysiological state of competence seems to be
connected with the mechanism of DNA penetration
Whrovgh the ot wall (2 14)

for soluble factors 1n the transforma
tion of several straws of § sanguis

MATERIAL AND METHODS

S samguis serogrovp H strans 13b 480
10
101402 and 14506 and serogroup W strain 123 o
among those used 11 a previous stud:
strains showed
Three reference

18 were
y (3 All these
spreading typcal of Wnchimg motility
Strains Were obtained from the National
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Coltection of Type Cultures London England NCTC
7868 (strain Chailis) NCTC 9124 (stran Wicky) and
NCTC 7863 (Washburn type I)Strain NCTC 7863
showed spreading

Media The stramns were maintained on 5% human
bleod agar plates incubated m 2 hurmid atmosphere (5}
Precious transformation studies have mostly been
carried out n rather complex media (6 7) The
transformation medium used 1n our experiments was
Todd Hewitt Broth (TH) from Oxoid Ltd  London
Three other medra were also used ET3 and ST described
by Pakula & W alczak (12) and PYG described by Perry
& Slade (13)

DNA DNA was 1solated from streptomycin resistant
(str r) mutants of a competent substramn of strain Challis
obtained from Dr Pohufa Toronto Canada and
prepared as described previously (3)

Transformation procedure The transformation expert
ments were carried out as described by Henrthsen &
£riksen (Methad no 1) with some munor alterations (3)
Eighteen h cultures 1n TH were used One tenth m! of
culture 1n | 8 ml TH contained a suitable number of
bacter1a (13 x 107/ml) The media were prewarmed and
not shaken during cultivation Optical dencity of 18 h
cultures seemed to be quite constant for a given strain
The final concentration of str r DNA 1n the experiments
was 20 pg/ml This amount produced maximal yield of
transformants which was tested for each strr DNA

used

The transformation procedure was carried out as
follows 1n triphicate All incubations were at 37° C One
tenth ml of an 18 h culture was moculated mto 1 § ml
TH and incubated for 90 min to reach the stage of
optimal competence Strain Challis presents at that time
the early exponential phase of growth One tenth ml of
str r DNA was added (final concentration of str r DNA
was 20 pg/ml) The culture grew for another 120 mimn to
express the phenotype of the marker DNA se was not
added Thus the transformation method used is
samvgaanteuresed anr desenad foreract salulatraf
the transformation frequency Growth was stopped on
1ce bath  Aliquots of 0 1 ml of switable dilutions were

experiments the procedure described above was mamty
ned except that pancreatic DNA se (50 pg/ml) w35
added at the end of the 120 mun ncubation period ang
then 0 1 ml aliquots of suitable dilutions were spread pn
blood agar plates The plates were 1ncubated for 6 h o
alfow full phenotyp! D and i tog
layer of streptomycin Brain Heart Infusion agar (Difc)
The final concentration of streptomycta of the plates #as
100 pg/ml

Culure filtrates Culture filtrates were prepared by
10% inoculate of an 18 h TH culture on prewarmed TH
contaiming 2 5% inactivated horse serum The culre
was mmcubated at 37° C for 3 i Growth was stopped on
1ce bath and the culture was then centnfuged at 4°C for
20 mun at 5500 X g The supernatant was steriized by
filtration through Millipore filter 0 45 pm Tesung »as
made for stenlity The culture filtrate was tested m
transformation divided into suitable volumes and kipt
frozen at —20° C for later use

The use of culture filtrates was adapted by 2
modification of the main transformation procedute

Aea e 4 otg

Ll g

A

ts (L)

Grow th rate The ratio of colony formung uns
Ve Chall ¢ ang

0to 3 h Suitable dilutions were inoculated on blood dta
plates and CFU/ml was calcutated after growth for 4
h The exarunations were made 1n triphcate

The protem content was determined according to
Folin Ciocaltau (8) 1n parallel samples Growth ®is
stopped by heating 1n boiling water bath for 30 mun The
samples were centnfuged and the supernatant »iy
removed The cells were washed once with cold salife
and centrifuged and then examined for protein content.

Saarpies {30 MURUPIT & SR 2T BAE remd.
ved from the TH culture at different intervals One ot
two drops were removed gently to avod breaking the
chains Gram staiming was carried out it

spread on blood agar plates 100 pg/m!
streptomycin and on plain blood agar plates The plates
were mcubated for 48 h and colony counts were
performed The number of transformants was obtained
from the streptomycin plates Counting of blood agar
plates was made to check that str r DNA uself did not
inhibit the growth of the bactenia and to calculate the
frequency of transformants The saline control was
carried out using the same matn procedure and 0 f mi
phystological saline and no str r DNA was added The
saline control ought to be 1dentical with the blood agar

the usual way

RESULTS AND DISCUSSION

In order to establish conditions for semiquantitatihé
transformation experiments with the recent 1solates
of § sangus serogroup H and W preliminary tests
were carried out with stramn Challis It was assur

that the surtable for that strarn could b

control 1f no tnhibition occurs To detect
streptomycin resistant mutants  one tenth ml of the
undiluted culture was spread on spreptomycin plates
The number of bacteria/ml at the beginning of the
experiment (growth stopped oo ice bath) was used for

I the rate of growth
m‘%‘:gg:;xgn ullransformauon of strains Challis W icky

fication of the
and 101152 was tested using a modt
quantitative techmique described by Bavre (1) Ia these

adopted for other strams
Four different medha one of which was TH with
5% horse serum were compared The presence of
serum 1n the media for production of CF and
transformation has been reported to be of mpol
tance (12) The results 1n Table 1 indicate that ST
and TH both with serum gave supenor and



TABLE | Effiaency of Transformation of Strain Challis in Four Dfferent Media

Frequency
CFU/ml Transformants/m!
s CFU/ml at end of DNA as CFU at end of of u'ansfogr(z
sy at start exposure DNA evposure mants n

serum

? 1 x10¢ 0ol
55x107 94x10°
gJ lgs x 107 107 )\10; ;ng:g; é;
185107 8 »10 X
:'}IG 131 x107 133 x107 24 x107 18

One teath ml of an 18 h culture was 1noculated into | 8 m! medim and counted (start value column 2) Inoculation
s - "
Fona b Aoy

IR

o e s o e vy 401 & o ade

practically equal results A second experiment was
crned out m TH without serum using the main
procedure as before but changing the time from
start of growth to addstion of str r DNA feom 0 to
180 min After addiion of DNA growth was

2%

1%

CNA expasure

cFuimt e 10T

Frequency of transformants at end of

30 60 S0 w20 80
Tiene {min)
Fiz 1 Trancfarmar am af ~ -, .
. " .
. " ~h A wds

duded gt d Marae o, ¢
.

& wlURoLS hine) 15 hased
formung uns (CFy;
€ach case

on counts of colon;
) at the stan of exposure 0 DNA 1n

allowed for 120 min The transformation efficren-
cresareshown mn Fig | These mdicate that addition
of serum 1o the media 15 not required for the
d of CF and devel of
(10) TH 15 a suttable medium and transformation
oceurred srrespective of whether serum was present
v . B

arnat Traa

[ p———

before addition of DNA produces optimal transfor-
mation efficiency of stram Challts This corresponds
10 the early exponenttal phase of growth
Strain Challis had a much higher frequency of
transformants than the recent 1solates (strains 13b
101152 101402 12318 and 14506} In stram
Wicky 2x10-5% of the bacterra exposed 1o str
DNA were transformed Thus stram has been
considered by other authors to be mcompetent or
poorly transformable (9) due to the few transfor
mants The use of a more sensive techmque (1) did
not mcrease the number of transformants Accor-
dingly strams with transformation frequency less
than 3 10-5% are considered to be Incompetent
Strain 480 one of the recent isolates had no
detectable transformation (Table 2) Vanation of the
time before addition of str r DNA was examined for
strain 480 but no transformants were detected One
explanauon for the much higher frequency of
transformants 1 strain Chajlis may be the use of
autologous DNA Transformation studies of stra
Wicky with autologous DNA did not increase the
nsformants  However, experimentat
imal for strain Challrs may sull not
equally sutable for the other strams
n accordance With earher nvestigations (9, 12)
CF could be demonstrated 1n culwre filtrates of
stran Chaths (Table 3) No attempt was made to

conditions opt;
necessarly be



solate the factor The factor transferred strain
Wicky to competence The frequency of transfor-
mants varied 1n the range of | 9 - 108%

The use of the technique described by Bavre (1),
permitting full phenotypic expression of the trans-
formants, did not change sigmificantly the number
of transformants for stram Challis and strain

Wicky with filtrate of stran Challs Thus the
phenotypic expression seemed to be complete for
these strains n the mam experimental procedure
On the other hand, using the technique of Bnre
strain 101!5a had a 25 umes larger number of
transformants This indicates that the conditions
the marn procedure are not always optimal

TABLE 2 Transformation of Streptococeus sangwis Ewght Straims of Group H and one of the henh described

Group W
“/mlatend of DNAY
Recipient strain Cru In;::mi:[: NA Transformants CFU/ml Frequency %
NCTC 7868 344 x107 58 x107 16
Challis 229 x107 257x107 11
275 x107 63 x107 23
233 %107 29 x107 12
NCTC 7863 209 % 107 512000 02
229107 247000 0l
93x107 10800 oot
136 131x107 430000 03
101 15a 624% 107 300 00005
10140a 473x107 4500 0001
14506 548x107 34400 0006
12318°° 373x107 23000 0006
S
NCTC 9124 33 x107 60 2x10
Wick: 2
480 i 16 8 x 107 [ <6x10

Procedure for
legend to Table 1 and 1n text
* CFU = colony forming umts

* Strain belonging to serogroup W

transformation 1n Todd Hewitt broth (TH) 1s described 18

S Str r DNA denved from strain Wicky 1 all other experiments str r DNA of strain Challis was used

and
TABLE 3 Influence of Filtrate from Competent Strains on the Frequency of Transformation of the Strains Backs

Frequency of transformants

Reciprent stram
with filtrate from with filtrate from without
stramn Challis strain (3b filtrate
NCTC 9124 19-108% <Ix1075% <3Ix10-3%
:‘z;gky <3x1075% 015% <3x1075%
I transformation m Todd Hewntt broth {TH) is described 10
for

d
legend to Table ! and 1

n text Inall expcnmems str r DNA from strain Challis was used



The rato of CFU to protewn per ml was examined
and related 1o the number of bactena per ¢cham
cultures of stramns Chaths and Wicky These two
strains grew quite differently m TH broth While
Challis grew s an even suspension W icky showed
a clear over a heavy p of
bactenal cells Durng growth for 3 h there was
very lntle increase 1 the CFU for W wchy as
compared with Challis On the other hand the
production of protemn was nearly the same for both
strains dunng the same period (Fig 2)

Murascope at etamunavon of the number of
bagtera 1 the chams from growth i TH broth
showed great differences For stram Challis the
umber of bacteria in the chaim vaned berween §
and 15 while Wicky mostly showed chamns
consisting of 40 — 100 bacteria This may 1ndicate
that the long chains of W icky result in less CFU 10
spite of the same rate of growth measured by
content of protetn per ml The great variauons m the
transformatson frequencies with filtrate Challis may
thus be explained for this strain The possible effect
of filrate Chathis on the cham length of stram
Wicky has not been studied tn detail Other strains
with more constant and fewer cells 1 @ cham
showed a more constant number of transformants

The culture filtrate of stramn Chalhs was added to
2 TH culre of the incompetent stramn 480 to
examune whether this stramn also could be transfor
med to competence but no transformation occur
wd, The culore filrate of stram Challis 15 not
generally active Another competent strain 13b a
fecent isolate was also examuned for CF produc
ton Ths filtrate however did not induce compe
nce m Wicky On the other hand stramn 430
became competent (Table 3) Thus the two filtrates
and the two recipient strams showed different
Properties which suggests that several factors may
be imaolved 1 the inducuon of competence of S
sanguis Among the recent ssolates spreading zones
around the colomses and

E
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|30
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Time {mim)
PR —
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®

Growth rate of stramn Challis CFU/ml
Q—0 Protein per mt stran Challis

A__A Growth rate of stratn Wicky CFU/mi
A__5  Protenper ml strain Wicky

new aspects in translormation studies The next step
m this 1nvestigation might therefore be comparison
of the filtrates from additional competent and
mopmpetent strains among the recent solates of §
sangus from the pownt of view of their ability to

ot mtuced) were present while spreading was
Present only in one of the competent reference
suans namely NCTC 7863 As mentioned by
Henriksen & Eriksen spreading 1s not a prerequiste
for competence in § sanguis contrary to what has
been shown in some species of Neisseraceae (3)
However a connection berween competence of the
recent isolates and the spreading character has not
been ruled out

In transformation studies of § sangurs stramns
Challis and W icky have marmly been in focus (9 12)
both for the mechanism of competence and for the
properties of CF The finding of an active factor 1n
sulture fitrate from another strain of S sangues
han Chaflic aees = = fiffereny recipient opens

induce n different strains

The excellent technical assisuance of Mrs Eva Lovsrad
and \rs. Aud Stendaht 1s gratefully acknowledged
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ws D of
competence factors 1 a collecuon of strains  Acta path mucrobiot scand Sect B 87 123-128 1979

sangus and

Forty-one strans of Streprococcus sangwes (37 of serogroup H and four of the newly-described

serogroup W) were exarmned sermquantitatively for gemeuc

transformation With streptomyem as

marker The matenal comprised eight reference laboratory strams and 33 recent isolates Eighteen

srams (16 of serogroup H and tho of W) showed

{withowt added competence factor
competent and ten
strans Co

1n genenc

1e culwre firae) Indnedual culure fitrates from 19
strains were tested for competence inducing effect on 23
was mduced 1 16 of the stratns and 20 of the culture

filtrates were active There was considerable variation with respect to the number of recpient strains
which were induced to competence by individual filtrates Furthermore the recipients varied as regards
the number of filtrates that were 2ble to induce that particular stram There was some relationship but
D0 complete between inducing abiity and the occurrence of
spreading zones around the colonies assumed to correspond gemerally to fimbriawon Thus three
Incompetent strains had an active cufture filtrate and one spontaneously competent strain had an
tnacuve filtrate Most but not all strams with spontaneous or inducible competence showed spreading
25 dd most of the strams from which broadly mducing filtrates could be produced

Key words
factor spreading colomies

sanguis n genetic culture filtrates competence

? Gaustad Kaplen W W ithelmsen og Frues Bakeriologiske Insutuit Rikshospralet, The Natonal

Hospital University of Oslo Oslo | Norway
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Previous studies on genetic transformaton of
Streptococe: have concentrated mostly on a few
SUANS 1 particular the Streptococcus sangurs
berogroup H) stram Challis (CTC 7868) and
staim W cky (\CTC 9124) Strasn Chaths has been
;D“n {0 produce a competence factor (CF} which

uses the otherwise incompetent strain W icky to
Rquuse competence (4 13)

The ssolation of 2 number of 5 sanguns strams

characteryzed by the production of spreading zones

around the colones caused by twitching motiity
and presumably due to fimbnation (9 10) sugges
ted the necessity for further transformation studies.
10 nclude these strams Henriksen & Errksen (7)
screened 95 strains of S sangws mostly recent
ssolates from the human throat for competance in
transformation using DNA from a streptomycin
resistant mutant of stram Challis Seventy three
strans were competent Three of the mcompetent

strams were tested with autologous DNA and two
were transformed
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Forty-one strams of Streptococeus sangus (37 of serogroup H and four of the newlydescribed
serogrotp W) were examuned gt ly for genetic wil
marker [he materjal comprised eight reference laboratory Strains and 33 recent
stramns {16 of serogroup H and o of W) showed n genetic
(without added competence factor re  culwre filtrate) Indvidual culwre filtrates from 19
spontaneously competent and ten mCompetent strains were fested for competence inducing effect on 23
ans C was wduced 10 16 of the strmns and 20 of the culture
filrates were active There was considerable varation with respect (o the number of recipient strains
which were induced to competence by individual filtrates Furthermore the recipients varted as regards
the number of filtrates that were able to nduce that pArlicular stran There was some relatioaship but
O complete between mduang abiliyy and the occurrence of
spreading zones around the colonies assumed fo correspond generally to fimbriation Thus three
imeompetent wwrains had an acuve cufture fitirate and one spontaneously competent strain had an
wactive filtrate Most but not all strams With spontaneous Ot inducible competence showed spreading

th as
t isolates Eighteen

as did most of the strans from which broadly wducing (iltrates could be produced

Key words

sangus
factor spreading cotonues

n genetee

culture filtrates competence
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Previous studies on genetic transformation of
steptococct bave concentrated mostly on a few
strans a particular the Streptococcus  sangurs
(serogroup H) swam Challs INCTC 7868} and
strain Wicky (NCTC 9124) Stran Challis has been
shown 10 produce a competence factor (CF} W hich
cluses the othernise tncompetent steam Wicky ta
acquire competence (4 13).

The isolaton of a nember of § sangurs Strams
characterized by the production of spreading zones

around the colonies caused by twitching motlity
AN AEPS makly @ aos £ P

s
saeened y5 strams of S sargms mostly recent
wsolates from the human throat, for eompeyun::m
transformation using DVA from 3 strept
eSS o2t of strain Challs
strams were competent Three of gh
STANS Were tested with autologous
were transformed

tomycin

Seventy three
e Incompetant,
DNA and two
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tapsformants per ml) or negauve (less than 10
sransformants per @) Thus 15 1 accordance with earher

There was considerable vanation i the number
of tecipient strans induced to competence by

reports based on of the d
straim Wicky (6 12) DNAse was not added to
termunate DNA exposure The method 15

dual filtrates The reciptents also varied with
regard to the number of filtrates able to mnduce

thus considered to be semiquantitative (6) Controls
without 23d ton of filrate and ste ¢ ONA as well a5
trassformation of strawm Challis were inctuded In some
coptrol expenments the method of Bovre (I} which
allows phenotypsc expression also of those cells transfor
med very late dunng the 120 mun DNA exposure was
uset {6) All incubations were performed at 37°C

RESULTS AND DISCUSSION

Forty-one strains of § sanguis {serogroup H and
W) were examined by genetic transformation with
streptomycin as marker Eight reference laboratory
strams and 33 recent solates were included
“Transformanon expenments with str 1 DNA from
stram Challis gave spontaneous transformation
(sathout added CF te culture filtrate) tn 18 of the
strans {Table 1)

A close refationship has been reported between
competence 1 transformation and fimbriation 1n
some strawns of Nersseriaceae (2 5) Among the
strains of S sanguis there was no clear relationship
between spontaneous competence and the occur
tence of spreading zonmes around the colomes
Presumably corresponding to twitching motihity and
fimbriation (9) However most Spontaneausly
competent strans cid possess spreading zones
(Table 1) especaally the recent 1solates

Tndmidual o1 16 ro £1 ea oo £ nme 19 =

tence inducing effect on 23 spontaneously mcompe
tent strams Competence was induced 1 16 of the
strawns and 20 of the culture filtrates were active
(Table 2) The seven stramns mcompetent m these
eXperiments were retested with autologous str r
PNAw = 4 Y SN
1o 15 aaag !
« v oty Cvealutaws
increases the number of strans of § sanguis
Competent n genetic transformation The observa
tons indicate that competence 15 a quite comman
characterisc of these  streptococer Ninety five
strans of S sangas from Henriksens collection
tave been tested m transformation studses by
Henriksen & Ertksen (6) and 1n the present study
Only six strains were tcompetent Westergren &
Enulson (15) report transformation m 26 per cent of
oral § sangus They did not use culture filtrates in.
therr study and have not indicated whether there
were spreading zones around the colonies

(Table 2) The maximum number of
recipients induced by an active filtrate was 13 the
immum number one The maximum number of
filtrates active on one recipient was 16 the lowest
number one {Table 2} The results ndicate a general
difference between the recent isolates and the
reference strains  Filtrates from 15 of the recent
wsolates induced competence 1 6 to 13 recent
ssolates but not 1n any of the reference strams Use
of culwre filtrates from the reference stramns
Challis Blackburn and Channon gave only trans
formation of strain Wcky as shown by others {11
13) The 2 p
strains were not induced 1o competence by these
culture filtrates

The finding that three mcompetent straes iz
Blackburn Channon and 14567 had filtrates which
induced competence may indicate either that the
methods used to screen for transformation are not
sufficiently sensitive or that the stramns lack one or
more of the factors necessary for transformation
but have other factor(s) sufficient for the induction
when the former factor{s) s provided The possible
existence of several factors in the transformation
process 20d both a CF and an infubion factor (IF)

-~ .

Tog b e e AT

Blackburn and Channon only CF Both factors had
10 be present to induce competence

Filtrate from the spontaneously competent strain
NCTC 7865 only produced competence 1n Strain
ATCC 10558 which actually 15 a spontaneously
sncompetent substrain of the same ongmal stram
Washburn type 1/11 (14) but obtaired from a
different culture collection It 15 concervable that
during subcultivation ATCC 10558 has lost some
factor(s) necessary for competence Since pathar
stram NCTC 7865 nor stram ATCC 10558
produced  spreading colonies typical of twitching
‘motibty their difference in competence was appa
rently not related to those characteristics

Pakula & Walczak {13) were able 10 ransform
stramn Washburn type 1711 spontaneously and to
produce an active culture filtrate using medum ET3
with serum  Without serum the stram was non
transformable spontaneously but the filtrate gave
transformation of the stram itself In our exper;
ments With TH the two substrains of Washburn
type /I bhad quite aifferent charactenstics 1n
transformation This indicates that the conditios
optumnal for transformation may vary from mgdmn;:

19¢



In the previous report on Competence 1n transfor-
mation of nine stramns of S sangws (6) belonging to
serogroup H and the newly-described serogroup W
(8) 1t was suggested that didferent factors may be
nvolved 1n genetic transformation of $ sangus
these factors being related both to recipient strains
and source of CF

The intention of the present study was 1o examine
further the different factors of importance for the
induction of competence by testing the activity of
CFs from numerous strans on a large number of
spontaneously mcompetent S sanguss stramns

MATERIALS AND METHODS

The stratns of § sanguis wncluded were ssolates studied

DNA (20 pg/mi) was added after exposure to CF for 30
mun Incubation with DNA was continued for another
120 mm to allow phenatypic expresston before cultvs
ton on blood agar plates with or without 100 pg/m!
streptomycin The results were read after meubation for
two days and were recorded as posive {more thaa 10

TABLE { Strains of Streptococcus sanguts Sponfanesy
Competence and Formation of Spreading Zones around
the Colon es

Serogroup
Spontanecus
competence in
transformationbt}
Spreading

Zones around
the colon ese)

Straina)

by Henrihsen and coworkers (7 9 10) and
strams from the Natonal Collection of Type Cultures
(NCTC) London and the American Type Culture
Collection (ATCC) Rockvill M1 The strains used in the
transformatton experiments and for culture filtrates are
histed 1n Table | Strains Blackburn (NCTC 10231) and
Channon (NCTC 7869) were not included m the
previous studies by Henriksen and coworkers

The study of spreading zones around the colomes on
blood agar plates was performed as deseribed by
Henriksen & Henrichsen (9)

Methods for selection of streptomycin resistant mu
tants and production of DNA have been described (7)
DNA from streptomyctn resistant mutants (str r) of
stram Challis was used Strains jncompetent with this
DNA were also tested with autologous str r DNA

For production of culture filtrates the strain m
question was cultivated 1n Todd Hewstt broth (TH) with
2 5% nactivated horse serum as described previously
(6) The transformation expenments using culture
filtrates were carried out 1 TH Previous studies
indicated that incubation of the culture for 60 min before
addition of the filtrate re CF s suttable for
transformation of strain Wicky (6) and that incubation
tume was mamtained for the other strains exammed Str r

5) ATCC = American Type Culture Collection Mary

land USA
NCTC - National Collection of Type Cultures

London England
Steains without type culture collectton destgnation

were 1solated by and received from Dr 5§ D
an AF T cano s

tetters following the 1sofation number
v) Comp 10 genelc 1 with DNA

from a streptomycin resisiant mutant of strain Chatlis
and without the use of culture filtrate Procedure as
described 1 ref 6 (main method)

o) Seerel 9

NCTC 7868 Chalits
NCTC 7863

NCTC 7865

ATCC 10556

25

10a

13b

10115

101402

101522

102272

1022%

10336b

10442b

10543b

107382

12318

14506

NCTC 7869 Channon
NCTC 9124 Wicky
NCTC 10231 Blackburn
ATCC 10558

445

480

2908

100432

10067

10194a

1027%¢ 3]
10281b w -
10299b H -
10305 H
104140 H
10560c H -
107800 H -
10784b H
10790 H
10807 H -
13843 H -
14558 H -
14567 H

PH 4+ 4 4+ 442 44+4 44+ 4
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transformants per ml) or negatve (ess than 102
transformants per ml) This 1 11 accordance with carhier

There was constderable vanation in the rumber
of recipient stras induced to competence by

reports based on of the P
smaw Wicky (6 12) DNAse was pot added to
termmate DNA exposure. The method 15

duat filtrates The recipients also varied with
regard fo the number of filirates able to induce

ihus cons dered 1o be semuquantiative (§) Controls
without 388 uon of flirae and str £ DNA s well as
transformation of stram Challis wese mncluded In some
control expeniments the method of Bavre (1) whch
aflows phenotyp ¢ express on also of those cels transfor
wed very late dunng the 120 mm DNA exposure was
used (6) All 1ncubations were performed at 37°C

RESULTS AND DISCUSSION

Fory-one strams of S sangus (serogroup H and
W) were examuned by genetic transformation with
streptomycin as marker Esght reference Liboratory
stans and 33 recent isolates were ncluded

Transformation experiments with str y DNA from
stan Challis gave

v (Table 2) The maxumum number of
recipients mnduced by an acuve filtrate was 3 the
mummum number one The maximum number of
filtrates active on One Tecpient was 16 the lowest
number one (Table 2) The resulis indicate 2 general
difference between the recent 1solates and the
reference strans  Fultrates from 15 of the recent
1solates induced competence 1n 6 to 13 recent
1solates but not m any of the reference strains Use
of culure fitrawes from the reference sirams
Challis Blackburn and Channon gave only trans
foemation of steam Wicky as shown by others (11
13) The 22 5p 1 p
strains were not induced to competence by these
culture filtrates
The finding that three incompeient Stramns Viz.
y

(%1 hout added CF 1e culture filtrate) in 18 of the
strams (Table 1)

A close relationship has been reported between
oompetence n yransformation and fimbnation 1n
some strains of Neisseriaceae (2 5) Among the
strans of S sangius there was no clear relationship
Jetneen spontaneous competence and the octur
Tence of spreading zones around the colotes
presumably corresponding to twitching motility and
fmbnauon (9) However most spontaneously
competent strans did possess spreading zones
{able 1) especally the recent 15olates

ladividual cutture filtrates from 18 spontaneous
g ﬁ:ﬂ.'?ctmf and { f incompetent stramns {with str

t .
1

suans and 20 of the culture filtrates were active
Table ) The seven strams incompetent 1o these

BIpenments were retested with autolog

ZOUS Str 1
DNAwithanaw = & — ¢ -
a

a

I cdws Wne pumber of stramns of S sangurs
Sompetent 1n genetic transformation The observa
obs ndicate hat Competence 13 a4 quite common
charactersstic of these streptococy Ninety five
hfmx of § sangus from Henriksen s collection
Hve beea tested n transformauon studies by
o;ilmiuen & Eriksen (8) and 1n the present study
Em’; s ‘slrams Were mcompetent Westergren &
o ;?n( 5 report transformation 1n 26 per cent of
ik sadnxuu They did not use culture filtrates 1n
. study and have not wdicated whether there
ere spreading 20mes around the colomes

P

Channonand 14567 had filtrates which
induced competence may indicate exther that the
methods used to screen for transformation are not
sufficiently sensitive or that the strains lack one or
more of the factors necessary for transformation
‘but have other factor(s) sufficient for the induction
when the former factor(s) is provided The possible
exstence of several factors in the transformation
process and both a CF and an inhibition factor (IF)
o v - .

i
Blackburn and Channon oaty CF Bath factors had
to be present to induce competence

Filtrate from the spontaneously competent strain
NCTC 7865 only produced competence 1y strain
ATCC 10558 which actually 15 2 spontaneousty
ncompetent substran of the same onginal strain
Washburn type I/I1 (14) but obtamed from a
different culture collecyon It 1s conceivable that
dunng subculuvation ATCC 10558 has lost some
factor(s) necessary for competence Since perther
st NCTC 7865 nor siran ATCC 10358
produced  spreading colonses typical of twitching
motility thewr difference n competence was appa
rently not related to those characterisucs

FPokula & Walczak (13) were able 10 transform
strain Waskbura fype 31} spontaneously and to
Produce an active culture filtrate ustng medium ET3
with serumt Without serum the Stram was fon
transformable spontaneously but the filtrate gave
tragsformation of the strain wself 1n our exper;
ments with TH  the two substrains of Washburn
type I/I1 had quite differens charactensucs 1
trapsformation This indicates that, the <onditions
optymal for transformation may vary from medrum



to medium and with ennchment of the medum  stramns registered as competent yield more thay |0¢
Strains Challis and Wicky have been used as  transformants per ml, corresponding 10 a percen
reference strains 1n ouf transformation experiments tage of transformants of 3 X 10-2% or more ?;s
concerning cultivation conditions and the defimtion possible that the conditions optimat for the transfyr
of competence 1n transformation Strain Wicky 15 mation process may vary from one stram o
considercd to be an incompetent or poorly transfor-  another, especially 1f production of several factors s
mable stramn, and has a transformation frequency of necessary, and that strams incompetent i this study

2

X 10~5 per cent which corresponds to less than may become competent When using other exen

102 transformants per mal culture In most cases, the mental and recording conditions Use of a lechnygue

TABLE 2 Jnduction of Competence in Sponsancoush Incompetent Sureptococcus sanguis b Culture Filtratest)

£
3
2 = £ »
& 253
o 265
<2 B s8gags
°%lS & o oo oo xZRze=
) L - 2L
Reciprent 1 2ERN8855828; pRRPLY £8¢
; 30020 5525855335855 5065 EGeaEs
stramnb} SEF2 A2 22222822202 o2 z<<TsR22
445 -+ 4+ 4+ = Y+ Et + b F F === e e == -
480 R R e T T T T T T e Y -
2908 e 4 b o 4 4ttt e mmm e m e
10067 T
101942 R T N A T e - -
10279¢ B R T TR T T T T e it
10281b R T T T T S S S .- m -
10305 B N I T T T S S S S et -
105600 e T -
10780b B T T T T O e S -
10807 e e
13843 O -
14558 e el
ww 0 fe e e e e e e e m e == - ¢ e e e e e e -
ATCONSEE e e e e e e e oo - J
NCTC 9124 Wacky B T P i
NCTC 10231 Blackburn | = = = = = = = = = — — = — - - = = - = = = - e -
NCTC 7869 Chanson [~ = = = = = = - - - - = - - - === - - - -
0043 00000 = e - e - m - - e o - - - - -
T3 R T -e -
[T L S R B R - -
1L i ool
RS A e
#) Semiquantitatne transformatton with streptomycin resttang (str r) mutant DNA from stram Challs ®as
performed With the respective culiure filtrates added (ref 6 and text) Wath struns 14588 and 14567 control
expermients were performed by quanutative St transformanon (refs 1 6 and tex) The seven strains ovhd
neompetent With any firate were retested  using autologous stir £ DNA (from mutant of the sanie stram) 2hd
culture filtrates from the strawns Challis and 13b sec text for these addittonal results
B Strans not transformed to SIFEPtomy cin FESvtance & ithout the use of culture filtrate (spontancously tncompetent)
¢ Table 1)
9 (see Tab + and t strains used for culture filirate (competence factor  CF) production

{see Table 1)

+ induction of competence {see text)
— no induction of competence



which permus full phenotypic expression of the
genetic marker (1) m expeniments with strams
14558 and 14567 did not reveal competence
sduction by any filrate which was mactive with
the screening techmque However the number of
transformants obtained 1ncreased th some cases
‘The tw 0 spontaneously competent strains ATCC
10556 and NCTC 7863 are substrams of Wash
urn type 1(14) The filtrates from the o strams
bad diferent chasacteristics Filtrate NCTC 7863
was the only reference stran that converted 12
recent 1solates of § sangurs to competence while
filtrate ATCC 10556 did not tnduce competence n
any strain 1n this study (Table 2) A dissociation of
the characterstics competence and production of
active filtrate 15 indicated by these findings
Generally there seemed to be relationstip bet
ween the simultaneous occurrence of spontaneous
competence and spreading colonues on the one hand
and the ability to produce filtrates inducing compe
tence in many strains on the other Atypical 1s stramn.
13367 which 15 ipcompetent but which has zones
and which induced competence 1n {3 stratns On the
other hand stran ATCC 10556 which was
competent with zones had no competence inducing
power Stran Challis which was wit
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to medium and with enrichment of the med strains reg| as 1e1d more than 104
Strains Challis and Wicky have been used as transformants per ml oarrespzndmg toa -

reference strains 10 our transformation experiments  tage of transformants of 3 X 10-1% or morp: rlo‘u;
concerning cultivation conditions and the definiion  possible that the condinions optimal for the transfor
of cox‘npetlence I transformation Stram Wicky 15 mation process may vary from one stram 1o

to be an incomp or poorly transfor-  another, especially if production of sexeral factors s

;nablk(a) s;raln and has a transformation frequency of necessary, and that sirams meompetent in this stud)
l(;{! ‘I}Ef cent Which corresponds 10 Jess than  may become competent When usimg other expen
transformants per ml eulture In most cases the  mental and recording conditions Use of a techmque
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1) Senmguaptitatve transformaton with strepromycin Tesisiant (sts £} mutant DNA from stram Challys was
performed with the respecuve culture filtrates added (ref 6 and tew) With strains 14558 and 14567 conuol
expeniments were performed by quantitative sir ¢ transformation (refs | 6 and text) The seven strams found
mcompetent with any filtrate weee retested using autologous str r DNA (from mutant of the same strayn) and
culture fittrates from the strains Challis and 13b see text for these addwonal resufs
v Steans not transformed to sireptomycin resistance wathout the use of culture filtrate (spontangously ncompetent)
ble 1
) free Tane )' and yncomp straws used for culture filtrate (competence factor = CF) producton
P
(see Table 1}
+ wnducton of competence (see ex0)
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AFFINITY CHROMATOGRAPHY OF INFLUENZA VIRUS
ON IMMOBILIZED o- AND g-KETOSIDES OF
NEURAMINIC ACID DERIVATIVES

LE{F HOLMQUIST and GUSTAF NILSSON

Natonal Defence Research Institute Department 4 S 17203 Sundbyberg Sweden

Holmqusst L. & Nilsson G Affinity chromatography of mfluenza virus on immobilized « and f-
Retosdes of neuraminic acid derivatives Acta path microbiol scand Sect B 87 129135 1979

In order to punfy ifluenza viruses which contain neuraminidase as a conshtuent of the virus<oat
surface & study was made of the affimity of d viruses for b ketosides
of acd Atiempted of viruses bound to columns of the coniugates
a5 pesformed by addmon of the benzyl o ketosde of N acerylneursnumc acd 1o the eluent The
conjugates with a ketasidically bound neuramumic acids adsorbed virus which could be desorbed with
the enzyme substrate Vhen B N aad wis saturated wath
vitus and the conjugate was washed with buffer unul it was free from neuramimidase actvity no more
virus could be desorbed with peuramsmidase substrate<ontamng eluents However addiion of
Substeate ta the buffet durnng the washing procedure resulted 1@ 2 Reurarrinidase acitvity peak in the
effluent Alf conjugates bound firmly a portion of the viruses Wwhich remained on the sorbents even
after ewcesstve treatment with eluent containing the neuramimidase Substrate W hen the conjugates were
saturated with virus all sies which bound the viruses swrongly were blocked and the remaining
binding sites could be uulized for reversible adsorpuon of the viruses Using this method crude
influenza virus vaccine could be separated mto altantoic flmd components and pure virus Centnifuga
tion of the virus preparation 10 a sucrose gradient indicated that this column procedure dd not
solubilize the viral neuraminidase Using freshly prepared non inactivated influenza vitus the poruon
of gel bound viruses which could not be desorbed by neuramimdase subsirate was Aimimshed

Key words Influenza wvirus  affinuty bl ketostdes acad
Senvanves

L Holmquist King Gustaf V Research Institute Karolinska Hospital 5-104 01 Stockholm Sweden

Reczrved 17273 Accepted 3 x1 78
Our studies on nevramimdase {glycoprotein N
a;wlneummmy\hydmlase EC3 2 1 18 show
t the enzyme released by Vibrio cholerae mnto
culture media 15 reversibly adsorbed on a N MATERIAL AND METHODS
acetylneuraminge acid Sepharose (3) The enzyme  All virus preparations used except one wers formalde

may be desorbed from the matnx by adding the hyde wnactvated and wese obtained fi
benzyl « ketoside of N acd alow B Tahor an € e oI the Nationat

molecular Weight neuraminidase substrate to the
clueat As neuraminidase 15 a consutuent of the

denyvatives could be used for specific purification of
the virus

- -

influenza virus-coat surface a study was made of :
the affinty of mfluenza virps for tmmobilized :
kerosides of newraminic acid derrvatyves

P, 1esLLvely Une expeniment
s v{:neld;med that reversible adsorption of  crude Ppreparauon of non x,r‘:zc:v‘:wge g 2
on alnx-bound nenraminic acd  Victona srain fisemsa vy
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obilized & and B-
Holmguest, L. & Natsson. G Affinity chromatography of influenza virus on amm
Xetos des of neuraminic acd dervatives Acta path microbiol scand Sect B 87 129-135 1979

1o order to punfy mfuenra vicuses Which contain neurarumdase Aas a constituent of the v;rusq;sl
surfate a study was made of the affinaty of viruses for 181

of neurammic acid derivauves Attempted desorption of viruses bound 1o cofumns of the conjugates
was performed by addiuon of the benzyl a ketoside of ¥ acetylneuraminic acid to the efuent The
conpugates with a ketosidically bound neuraminic acids adsorbed virus which could be desorbed with
the enzyme substrate When 8 N acd was saturated with
virus and the consugate was washed with buffer unul it was free rom neuramimdase actnity no more
virus could be desorbed With newrammidase substrate-contaiing eluents However additron of
substrate to the buffer during the washing procedure resulted 11 2 neuramumidase activity peak in the
effluent All conjugates bound firmly a poruon of the viruses Which remamed on the sorbents even
after excessive treatment with eluent containing the nevramimdase substrate W hen the conjugates were
saturzisd wath virws all sites which bound the wiruses suongly were blocked and the remaiming
binding sutes could be uulized for reversible adsorpuon of the viruses Using this method crude
nfluenza virus vaccine could be separated nto allantosc fluid components and pure virus Centnfuga

tion of the virus preparation In a sucrose gradient indicated that ths column procedure did not
solubibize the viral neuramimdase Using {reshly prepared non nacuvated influenza virus the portion
of gel bound viruses which could not be desorbed by substrate was

Key words Influenza wvirus  affimaty
dervauves

ketosides aad

L Holmgu st King Gustaf V Resarch Insutute Karotinska Hospiial $-104 01 Stockholm Sweden

Recerveg 17x 78 Accepted 311 78

Our studies on nevramindase {glycoproten N
e Ineurammnylhydrolase EC 3 2 1 18) show
that the enzyme released by Vibrio cholerae 1nto
clture media 15 reversibly adsorbed on a N
acetylneuraminic acid Sepharose (3) The enzyme
may be desorbed from the matnx by adding the

dernatives, culd ha usad for. spefic pusfianian. o,
the virus

MATERIAL AND METHODS

All virus preparations used except one were formalde

benzyl a ketoside of N acd alow

hyde inactivated and were obtained {rom the National

molecular weight neurammdase substrate to the
eluent. As peraminidase 15 a constituent of the
wfluenza viruscoat surface 2 study was made of
the affinty of wmfluenza virus for 1mmobilized
ketosides of nevraminsc and denvatives

It was predicted thay Teversible adsorption of
mfluenza virus on matrix bound Deuraminie acid

Laboratory Stockholm Sweden Vacal
nes against the influenza virus type A/Dunedin/4/73 or
pe A/Victoria/3/75 and type B/Hongkong/8/73
purified by dufferenuial centfugation and crude prepara
wons of influenza virus m allantowc fluid contarned 8192
and 1024 arbirary haemagglutinating wmits per ml
respectively One expeniment was performed with a

crude preparation of non mactivated influenza virus
Victora strain



General Methods

Synthesis and purnification of neuraminic acid dersvaty
ves were followed by TLC the general methods used
have been described previously (3 4)

The S 4B of acid
derivatives were prepared according to (3} using the 2

y yl of the non
ulosonic acids and the conditions for preparation of the
type V conjugate The 7 C analogues of the different
conjugates were prepared according to (3)

The amount of ketostdically bound neuramunic acid
dertvatives was 1n the range of 2-3 pmol/ml wet gel and
12 pmol/ml wet gel for the o and B ketosides
respectively as determuned according to (3 5)

Per d & propiony acid was synt
hesized as described by Memd! & Tuppy (7)

Affimty column experiments were performed at 4° C
unless otherwise stated

The Lowry techmque (2) was used for protein
determination with bovine serum albumin as protemn
standard

Sedumentation Expertments

Virus suspension {1 mD) 1n 0 15 M sodium chloride or
005 M Tris maleate buffer pH 6 4 was layered onto a
linear sucrose gradient and centrifuged n the Bechman
SW 40 rotor at 12000 rev/mun for 120 min as
described by Laver & Webster for punfication of
nfluenza virus (6) The tubes (95 x | 5 cm) contaned
12 5 ml of 5-20% Sucrose m 0 15 M sodium chlonde
After completed centrifugation fractons (I ml) were
collected through a hole at the bottom just where the tube
walls bend The [raction remamning 1n the bottom (ca 0 5
ml) was collected and dituted with buffer to | ml

By including blue dextrane 1n the bottom fraction 1t
could be demonstrated that 1t did not mix with the other
fractions taken from the tube

One diffuse band at the top one 1n the middle and one
at the bottom of the tube could be seen on centrifugation
of concentrated virus suspenston By sfictng the tube the
same neuraminidase activity pattern was obiained as
with the puncture technique

After dialysis of the fractions aganst 0 | M sodum
acetate pH S5 or 01 M Trns maleate buffer pH 6 4
both 0 01 M as regards caleium chloride the protein
concentration and neuramimdase activity were determi
ned The conceniration of benzyl a ketoside of N
acetylneuramumic acid was 400 pg/ml and mcubation
was performed at 37° C Alquots of 50-200 p) were
removed and analyzed for A acetytneuramnic acid (8)

Haemagglunnanon Test
Haemagglutination  titrations  were performed In

Takatsy plates by adding S0 nl of stepwise double
diluttons of virus samples tn phosphate buffered saline to
50 pi of 03% chicken erythrocytes The number of
haemagghutinating (HA) unuts per mi of the sample 15
expressed as the reciprocal of the fast dilution giving

complete agglutination

Syntheses

Butoxy carbory fmethy ! « Retoside of teira =0~ ge
61 N propiony Ineuramnie acrd Peracetylated N prop:
onylneuramimc acid (900 mg) was transformed 10 s 2
chlore derivauve according to (7) and shaken with silser
carbonate (1g) pulverized Drerne {2 g) and buyl
slycolate (20 ml) overmight The muxture was filtered and
solids were washed with acetone water (21 v/v) The
combined filtrate and washings were passed slowly
through a Dowex | A 4 column {acetate form 2 x I3
cm) equilibrated with acetone water {11 v/v) Afier
washing the column with acetone water (1 1 v/v) the
product was eluted with acetone 43 acetc acrd (I { v/
v) until the effluent no longer reacted with Ehrlichs p
dtmethylaminobenzaldehyde reagent The eflluent was
concentrated to a syrup yielding the butoxycarbonymet
hyl « ketoside of peracetylated N propionylneuraminc
acid which crystallized on standing Recrystallizauon
from hot acetone water {2 1 v/v) at room temperature
yielded 200 mg of pure « ketoside chromatographically
free from 1ts § anomer

Sqec = 186188 °C [n]];5 = ~15°{c = ] 010 methanol}

Attempts to 1solate a crystalline f anomer Wwere unsuc
cessful

2 Anunoethy lamnocarbom Imetln | o hetoside of N
propom Ineuramimce acid The butoxy carbonytmethyl a
ketoside of peracetylated A propionylneurammnc acd
(40 mg) was treated with anhydrous ethylene diamne (2
mI) at room temperature as described for preparation of
the corresponding N acetylneuraminic acid dernatne (3
The yield of 2 aminoethylaminocarbonylmethyt a keto-
side of N propionylnenraminic actd was 20 mg

[u]';5 = +2°(c— 1 01n water)

Column Experuments
Standard procedurc for examsmanon of &I i
Columns of acd dernvatie
Sepharose conpugates (5 x § mm) were equiiibrated with
01 M Tns maleate buffer pH 64 001 M as regards
calum chlonde at 42 C Influenza virus vacene (03
ml) was applied to the columns and was allowed 10
penetrate 1nto the gels After about 15 min two 0lml
portions of buffer were added to each column and the
viruses were eluted with the same buffer as above
Fractions of | ml were collected at a flow rate of 0.2-03
mi/min A buffered solution of the benzyl @ ketoside of
N acetylneuramimc acid (0 4-2 mg) in water (50pl) was
added 1o each fraction Neuramtmidase acuvily Was
determined by mcubatng the fractions at 37° C for 30
60 tun and 18 h with the O min value as a blank
Samples (50-200 pl) were removed and released A
acetylneuraminic acid was determined according (© (8}
The viruses were desorbed from the columns by
adding the benzyl « ketoside of A acetylneuramunic acxd
to the etuent (0 4-2 mg/ml) The effluent was ncubated
and analyzed for neurammidase actvity as above
omitting the additton of substrate




Ewyme acuvity remamung an the column was
determined by incubauon of the conjugate with substrate
10 a total volume of 1 ml as described above

Preparation of columns for affinits chromatography A
column of the neuraminic 2cid derivauve Sepharose
conugate (5 x SO mm) was treated with crude
formaldehyde mactivated influenza virus vacane {3 mi}
unul saturation The column was washed with 01 M
Tns maleate buffer pH 6 4 001 M as regards calcsm
chlor de gt 4° C until 70 more neuramimdase acuvity
waspresent 1n the eMueat. The column was then washed
% th buffer (5 mi) contaraing the benzyt a ketaside of N
oetylnevraminic 2¢1d {2 mg/ml} The column was again
ashed with the maleate buffer Affiuty colurmns
prepared 1 this way were used for the punification of
erude influenza virus vacane (0 | ml) by reversible
adsorpion using buffer and substrale-contairung eluent
25 described above Fracuons (1 mi) of the effluent were
collected and samples (SO pl} were amalyzed for
neuramin dase achvity and for haemaggluunation act
vuy after dialysis agaimst phosphate buffered saline

RESULTS AND DISCUSSION

A Sepharose bound nonulosamime acid molecule
Tepresents a sisgle neuramunidase binding  site
atached by a short chamn to the matnx This
conugated gel should thus bind 1o the

with formaldehyde inacyvated virus punfied by
differential centrifugaton 1n order (o ensure
maximal specific binding of virus to the sorbents
The columns were washed with buffer to remove
unbound virus Attempted desorption of ligand
bound virus was performed by addition of benzyl «
Ketoside of N-acetyineuraminic acid to the buffer
Alter d elution the actvity
in the dafferent eflluent fractions and that rematning
1n the columns was determined

A column of N acetylneuranunic acid Sepharose
type V (3) adsorbed nfluenza wvirus strongly
Addibon of large amounts of benzy! a ketoside of
N acetylneuraminic aaid (Fig 2 A} change of pH
or elevayon of temperature to 37° C, did not
effecuvely induce desorption of the viruses In
contrast it was found previously (3) that neurami
mdase from Vibrio cholerae 15 eluted effecuvely by
addition of substrate to the eluent The presence of
wmtact virus mn the N acetylneuraminic 2c1d Sepha
rose column was confirmed by electron microscopy
Viruses were found only on the gel surface On
tncubation of the gel bound viruses with the benzyl
aketoside of N acetylneuraminic acid as sub
strate a strong neuramimdase acuvity could be
demonstrated However the enzyme activity was

Deurammdase or haemaggluumn of the influenza
WS membrane In the present study small
columas of dufferent of

lower d with that of unbound virus An
mhubitory effect (60-70% 1ntubiion) was also
obtamed by the addiuon of a N acetylneuramime

acd  acd toan b system
dernatives and Sepharose (Fig 1) were overloaded  virus and substrate
R1
R
'
(o]
RZ
RyNH
OH
Derwvative of neramme
2cd Sepharose conjugate Rt Ry Ry
Ry
&\ acety) COOH OCH,
1 sl ofa N ot Cook ocufiiiﬁiﬁ g{};g" C"zOHCIchuou
acel OCH - Sepharose H-OH
7.C anatogue of £\ aceryl OCHrSepharane ‘éggﬂ Cl{ﬁ cunnmoncuou
1c :ntx:;:f N propuonyl g%:} OCH: Sepharose ")CH\CO <:monC o
OCHy Sepmacose  GHyour C}IgHCHOH

Fig { Different contuzates of nenramen.s q¢,d denvatives and Sepharose
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Fig 2 Activiy of viral neuramintdase n the effluents
from columns of acd Sep!
conjugates
Purified formal d 1nfl virus
vacetne (0 3 ml} was applied to columns of neuramunic
acid derivattve Sepharose(0 1 ml)
A = a N acetylneuramunie acid Sepharose
B = 7 C analogue of a N acetyIneuraminic acid Sepha
rase
C = B N acetylneuraminic acid Sepharose
D = 7 C analogue of B N acetylneuramintc acid Sepha
Tose
E = a N propionyineuraminic acid Sepharose
F-7C I of a¥ aaid
Sepharose
After being in contact with the gels for 15 mnutes
unbound viruses were washed away with 01 M Tns
maleate buffer pH 64 001 M as regards calcium
chloride at 4° C
Attempted desorption of the bound wviruses was
performed by the additron of 2 mg/mi of the benzyl o
ketoside of N acetylneuraminic acid to the buffer The
arsow  denotes the add non of this neuranmmnidase
substrate & represents residual neyrammdase activity
associated with the gel
Fractions of | m! were collected and samples of 50 pi
were analyzed for neuramumdase activity Released ¥
acetylneuraminic acid was deternuned according 1o 8)
d as at 549 nm I was
18 h For detals see Matenals and

and exp
peclormed for
Methods

it has been reported previously that Vibrio
[

1an
of

N acetylneuramimc acd (3} Formaldenyde wact

vated viruses were adsorbed readily to the Jatter

atpH 64 N dase actrvity could
be displaced from the column by the addition of
benzyl o ketoside of ¥ acetylneuramime acd to the
eluent (Fig 2B) The lower affity of ths
conyugate for the viruses as compared to that of the
parent one was also reflected by a lower ihibitory
effect on the enzyme activity (30-40% whibition n
an ncubation system)

N acetylneuraminic acid § Ketosides with neutra!
aglycones are resistant to viral and bacterd
neuraminidases and do not mhibit the enzyme (1)
However Vibrio cholerac neuramimdase s weakly
adsorbed on the Sepharose bound B ketoside of
acetylneuramume acid (5)  Although the wesh
affintty of the B N acetylneuramimic acid Sepharose
for neuraminidase may represent a specfic mterac
tion 1on-exchange effects cannot be excluded W her
wnfluenza virus was applied to a column of ths
conpugate a portion of the mnfluenza viruses was
bound strongly and could not be desorbed even with
large volumes of subsirate containing eluent or high
concentranons of substrate The remamder w»
eluted from the column by retardation with the
washing buffer However addition of beny! o
ketostde of A acetytneuramimc acid to the buffer
during the washing procedure of the overloaded
column resulted 1n a neuranunidase activity petk
(Fig 20)

In order to diminssh the alfinuty of the virus for
the N acetylneuramimc acid conjugate the Sepha
rose bound B N acetylneuraminic zcid was transfor
med (o its 7-C analogue This conjugate however
also adsorbed very strongly a large part of the
viruses (Fig 2D) A low mhibitory effet of
Sepharose bound f A acetylneuraminic acid or ¥s
7 C analogue on the viral enzyme activity cosld be
detected (15-20% inhubion 1n an mewbauon
system)

It has been demonstrated that « hetosides of A
propronylneurasume acd are cleaved much mor
slowly by bacterial and influenza virus peuramit
dases than the corresponding hetosides of ¥
acctylnevramme acid (7 thus indicatmg 2 lowes
affinity of the neur dase for the A propom!
than for the & acetyl dervatinve The amenocthyis
minocarbonyimethy! a ketoside of N propionyines
ramimc actd was synthesized and coupled (0
Sepharose 4 B The matrix bound A propionylney
raminic acid was then converted mto 1ts 7
analogue These conjugates also bound formalde

hyde mactivated ifluenza virus strongly (Fig 2E
and F) The virus could partly be desorbed from the
7-C analogue by addition of the benzy! a hetosude of
N acetylneuramunic acid to the eluent (Fig 2 F)

To demonstrate that neuramindase cluted with
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Fig 3 Sedymentaton of different influenza virus
Preparations 1n sucrose density gradient

Fractions (1 ml) were collected and assayed for prote:n
and neramumdase acuvity N acetylneuraminic acid s.as
determined afier A 18 h B Sh C 18 h of enzyme
incubauon For detarls see \Material and \ethods

A Influenza virus punfied by affimty chromatog
raphy on | mi of the 7 C analogue of & N acetyineurami
mc'acid Sepharose according to the experiment described
uader Fig 4

enzyme substrate from the different columns 15 not
a dissociation product from matrix bound viruses

the matenial eluted with enzyme substrate was
separated by centrifugauon 1n a linear sucrose
gradient Fig 3 shows that neuramsnidase eluted
from the matrix wath enzyme substrate unpunfied
mfluenza virus vaccine 1n allantorc flud and viruses
punfied by differential centnifugation ali give 2
similar distribution of neyraminidase actvity in the
gradient The main activity 15 associated wath intact
mfluenza virus particles  according to Laver &
Webster (6)

The strong interaction bemeen lhe nfluenza
Virus vacaint and the
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B Influenza virus punified commercially by differen
nal centrifugation

o C Crude preparation of mfluenza virus i allantorc
urd

Sepharose  conjugates 15 pmbab]y due to the

activity
O = protetr concentrayon



presence of p on
the virus coat surface or 15 a result of the
formaldehyde treatment of the virus preparation
However, a portion of the ketosidically bound
acid 1n the co seems to fulfil the
steric requirements for a reversible adsorption cf the
virses using neuraminidase substrate as desorbent
The binding propertes of the conjugaies were not
nfluenced markedly by changing the pH-value of
the buffer to 4 6or 9 0 Saturation of the conjugates
with benzyl « ketoside of N acetylneuramimc actd
dissolved 1t buller before addwon of vyrus to the
columns did not decrease the portion of virus which
could not be desorbed by substrate
In order to prepare affinity columns suiable for
the purification of virus vaccine a conjugate of the
neuraminic acid derivative with Sepharose was thus
first saturated With virus The column was washed
with the buffer unul the efMuent was essentially free
of neuramimdase activity then with buffer conta
nmng the benzyl a ketoside of ¥ acetylneuramnie

HYDROLYSED KETOSIOE (%)
PROTEIN CONE tug/ml)

FRATTION WO

Fig 4 Punficanon by aflinty chromatography of
1niTuenza virus cultured i lfantorc fluad

A column of the 7 C analogue of a N aceryinenrams
mc acid Sepharose gel (I ml) was saturated with
formaldehyde inactivated mfluenza virus and then was
hed consecutively with buffer and substrate containing
buffer as described under Materials and Methods Crude
influenza virus vacaine (0 1 m)) containing alantoic find
companents was applied to tins column The column was
washed with § ml of the buffer Viruses were then
desotbed with § ml of buffer contmning 2 mg/mi benzy!
o ketoside of A acetylneuraminmc acid

The arrow denotes the start of the addiwon of
substrate Fractions of | ml were collected and samples
of 50 yi were anafyzed for neuraminidiase acnn‘(y (®)
ancordiag to (8) Incubation was performed at 37¢ C for
18 h n the presence of benzyl a kelcmde‘ o;‘ »
acetylneurammme acid The protem content :‘:Ad Ifov.‘he
efMuent fractions was determined by a mod Ilb o TZ
method according to (2) using human serum albumin 4

standard

10

£
H
%
g 05
g
Zz
X
H

| =

10 % 20

FRACTION NO.

fig 5 Affiniy chromatography of mon macu
influenza virns

Crude non wactvated nfluenza virus vaccne (1
was applied 10 a column of a & acetylneuraminic 2
Sepharose (0 1 mD) The column was washed with 10
of buffer Viruses were then desorbed With 5 mt
buffer contaimng 2 mg/ml benzyl « hetoside of
acetylneuraminc acid

The arrow denotes the swart of the addibon
substrate Fractions of | ml were collected and samp
of 50 pl were analyzed for neuramimdase aciv
Released M acety acid was d acn
ding to (8} and expressed as exunction at 549 nm
represents residual neuramimidase actniy assocat
with the gel Incubation was performed at 37° C for d
1n the presence of benzy! a hetoside of A acety Ineuran
nic acid

aaid and finally wath the buffer used imtially Afte
this freatment all sites which bind the viruse
strongly are blocked and only those sites whi
bind (he viruses reversibly are avalable Affimt
columns prepared 1n this way were used repeatedly
Fig 4 shows a typtcal experiment in whicha f m
column of the 7-C analoguc of a A acetylneurami
e acid Sepharose was used for separating formal
dehyde mactnated nfluenza viruses from alfantox
flwd components The recovery of the virus adde
to the column and eluted with 5 m! of substrate:
contaiming bufler was more than 80% as determt
ned by haemagglutinatton tests

In order to examune whether the formaldehyde
activation of the viruses was responsible for the
phenomenon that relamvely Jarge amounts of
viruses could not be desorbed from the columns by
neyramimidase  substrate  an  expeniment with
freshiy prepared non inacinated viruses was perfor
med A column of o N acetyIneuramime acid
Sepharose was saturated with non mactivated varus
and after washing with buffer the viruses were



eluted with substrate-contaning buffer as described
under Fig 2 As shown in Fig § a more complete
desorption was obtamed wath non mactivated viru
ses than m the corresponding experiment with
formaldenyde ireated viruses {Fig 2 A) Conside
ring the inhibitory effect of the a N acetylneuram
e acd Sepharose on the neuramindase a recovery
of 40 per cent of non macuvated virus was obtained
from thus gel

The present procedures for obtaming puse
nfluenza viruses from crude preparations may also
be used m physicochermical and 1mmunological
studies of the viruses and further work 1n this field
15 10 progress

Ve thank Mrs Jngegerd Friberg (Nauonat Defence
Research Insuitute) and Mes Maria Hilme (King Gustaf
¥ Research Insutute) for skilful techmcal asststance
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presence of on
the virus coat surface or 1s a result of the
formaldehyde treatment of the virus preparation
However a portion of the ketosidically bound
acud in the coj seems to fulfil the
steric requirements for a reversible adsorption ¢ the
viruses using neuraminidase substrate as desorbent
The binding properties of the conjugates were not
mfluenced markedly by changing the pH value of
the buffer to 4 Gor 9 0 Saturation of the conjugates
with benzyl o ketoside of N acetylneuraminic acid
dissolved m buffer before addition of virus to the
columns did not decrease the portton of virus w hich
could not be desorbed by substrate
In order to prepare affintty columns suitable for
the purification of virus vaceine a conjugate of the
neuramnic acyd derivative with Sepharose was thus
first saturated with virus The column was washed
with the buffer unut the effluent was essentally free
of neuranumidase actvity then with buffer conta
ning the benzyl « ketostde of N acetylneuramimc

HYDROLYSED KETOSIOE {2/}
PROTEN CONC {ug/mt}
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Fig 4 P by affinuy
1nfluenza virus cultured in allantoic Muid

A column of the 7 C analogue of a N acetylneuram
nic acid Sepharose gel (I ml} was saturated with
formaldehyde mactivated influenza virus and then was
hed consecutively with buffer and substrate containtng
buffer as described under Materals and Methods Crude
mfluenza virus vaccine (0 1 ml) containing atlanioic flnd
compoacnts was apphied 1o this column The column was
washed with 5 m! of the buffer Viruses were then
desorbed with S ml of bulfer contarming 2 mg/mi benzyl
a ketoside of N acetylneuranunic acid

The arrow denotes the start of the adduion of
substrate Fractions of | ml were collected and samples
of 50 u! were analyzed for neuramumdase acllVlD(y (®)
according to (8) Incubauon was performed at 37°C for
1g b in the presence of benzyl a ketoside o’]: c
acetylneuranunic acid  The proten content (fd): \re
effluent fractions was determned by a modifi OWTY

method according to (2) using human serum albumin as

standard
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Fig 5 Affimty chromatography of non tnactnaied
mfluenza virus

Crude non mactivated influenza virus vaceme {1 ml)
was applied to 2 column of a M acety!neurammnic acd
Sepharose (0 | ml} The column was washed with 10 !
of buffer Viruses were then desorbed with § ml of
buffer contaimng 2 mg/ml benzy! « ketoude of 3
acetylneuraminic acid

The arrow denotes the start of the additon of
substrate Fractions of I mi were coflected and samples
of 50 pl were analyzed for neuramimdase activify
Released N acety acid was d accor
ding to {8) and expressed as extinction at 549 pm A

residual d: actvity associated

with the gel Incubation was performed at 37° C for3n
1 the presence of benzyl a ketoside of N acetylneuram
nic acid

acid and finally with the buffer used mtially After
s wreatment all sues which bmd the wruses
strongly are blocked and only those sites which
bind the viruses reversibly are available Affinity
columns prepared 1n this way were used repeatedly
Fig 4 shows a typtcal experiment in which a | m!
column of the 7-C analogue of a N acetylnevrami
mic acid Sepharose was used for separating formal
dehyde tactivated mfluenza viruses from allantoic
fiwd components The recovery of the virus added
to the column and eluted with 5 ml of substrate
contaimng buffer was more than 80% as detesmt
ned by haemagglutination tests

In order to examine whether the formaldenyds
inactivation of the viruses was responsible for the
phenomenon that relauvely large amounts of
viruses could not be desorbed from the columns bY
neuranmmidase  substrate an experiment wilh
freshly prepared non mnactivated viruses was perfor
med A column of « N acetylneurammic acid
Sepharose was saturated with non mactivated virus
and after washing with bufler the viruses were
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;Zm eniercof g serotype O3 was 1solated from the colon contents of 27 44 5%) of $99 bacan
w:; Xh{U;hler Two (1 7%) out of 115 dogs were posinve by cutwse for this human pathogenic
P 9CF enterocolica & mymber of other serotybes of ¥ emterocohitica wére abo obtained both

pornt and canine entersc contents (4b 53 & 7 11 32 15 47 19 26b and non typeable

“:”‘;9 AUl these serotypes are supposedly non pathogenic for man and may possibly oniginate from

12 10 O serotype 3
k
% Nords Yerynia enterocolinea swine dogs

1S
B Pedersen Sare Veteninary Serum Laboratory

la:u.. B Axeped Tum
b m"&ez!tmhma 15 apparently wadely distry
o 8ESUse Ueact of man and anumals and
o :nnmnmzm A certain rejationshup
ﬂe:oe et esn serologicy pattern. biotype
Oang g PR BISS Thus serotypes O3
. e welt estadlished as fuman patho
ms;mxypc O1 15 the most prevalent 1n
et o O2 1 hares and goats However the
i the means of spreading of Y entero

The ;’; l:;ge’y grknown

o e present work was 1o study the
Wy ¥ enterocohinca 1 swine and dogs
P T2¢ the strains biochemcallv and
ey kn:‘ Otder to elucidate further the frag
$ mﬂm“ﬂ epidemiology of these bactersa
e l’miomm:: Was pad 1o serotype O3 which 18
naky g % human pathogenic type 1n Den

v MATERIALS AND METHODS

&

Dighgrg o 019N Contents of 399 bacon pigs

P l"'er::;:zfuwu at one abanorr were examined
Waten,

tal J;
T The coton €ontents of 200 bacon pigs

kmgﬂvﬂm of the envisonment Haemolysis on bovine blood agar was observed for strans

27 Bulowsve) DN 1870 Copeatagen V Deamark

siaughtered at the same time and al the same abatiox as
those of matesial 1 weee examuned only for Y
enteracoliica serotype O3 the comimon humaa pathoge
e type

Matenal [ff A towl of 21§ faeces samples and (71
yectal swabs from dogs submuied for veternary
examunation 1n Copenhagen were examined for ¥
enterocohtica N0 selection was made for special chnical
diagnoses OF the facces samples 113 were examined
both by culture and by the Duorescemt anubudy
techmique while the remaimng 100 and the 17} rectal
swabs were examined by the fivorescest anubody
techmque and culired only 1f Tound postuve by that
method

Ennchment and cudture 1 g colon contents or fances
was suspended 1n 0 mi phosphate buffered saline
Q7 &1 and stored at 4° C lor 3 weeks Rectal swabs
were immersed s 2 mi PBS and stored as above From
each of these cold-ennchment cultures two surface
cultures were made on MacConkey agar One was

incubated at 22° C for 48 hours the
34 how s gt an 290 £ 0 e s 1 SN 23T € Jor

.
luu as Lutly 1 enterocolinea Suspest Grag
rods woule at 22° € byt not e
negatve post
uve murate-positive and ciirale negayve were identified

3 37° C urease posipve
tine-ds







TABLE 2 Biochemycal?)and Serological Characier: ationof Y enterocoliica from Sy ine

Sa 6718

Serotype nun

19 Non typeable

26b

IS
Ed

7 Non ypeable

Indofe
Aesculin
Sal e

3
Voges Pr )

Rhamnose
Sucrose
lactose

d Xylose
Trehalose
Cellobwse
Melibiose
Lecithinase
Curate

v

7°C
2°C

t

R

R

R
L+ 1+ 4+ 1+ 1+ +++

or+™

A TH T e

I+ 3+ ++ 5+ 4+ ) 4+ +

I+ 1 +++F+++ 14+ 44

Biotype

No of strains 27 4 41

1 3 1 1

I The rochemicat tests were performed at 37° C evcept for
Leauthinase was carried out at 22° C
+ posiive within 3 days
{+) detayed posive
negative after incubation for 21 days
w weak reaction

Buochemical obsenations As shown i Table 2
the four stramns belonging to O serotypes i1 and 12
did not ferment sucrose or produce aceto:n The
mabifity of strains of these serotypes to ferment
sucfose 15 wel) known and seems 10 be a Special
characterisuc  The rhamnose postve stratns al)
utilzed citrate at 22° Cbut not at 37° C Varsations
dependent on temperature were observed in fermen
tavon of raffinose Thamnose and melibiose Some
of the rhamnose posiuve strans showed delayed
fermentation of lactose

An additiona) observation was that afl the strains
belonging to Q serotype 3 showed distinct beta
haemolysis on bovine blood agar afier storage of the
cultures at room temperature for 3~12 days

DISCUSSION

The human pathogeruc O3 serotype of ¥ enterpey

hrea was 1solated from the colon contents of 27 “s
pes cent) of $99 bacon pigs on Slaughter There was
no evidence to Suggest that this organism was
pathogenic for the Swine themselves The frequency

Vopes Proskaver which was aiso caryied out at 22° C

observed 15 1n 2greement with a preliminary report
(4) and 15 comparable with frequencies reported
from countrses such as Belgram (9) Canada (6) and
Japan (1)

Other studies by Pedersen (5) have show n that 30
per cent of Danish Pigs carty Y enterocofiica
serotype O3 1n their throats In Belgium W auters &
Janssens (8) solated O3 from 53 per cent of Mg
fongues bovght i butchers shops ANl these
observations suggest that PIgs may be one of the
sources of ¥ enterocolitica infection 1n man In the
present study Serotype O3 was solated from anly
™o of the 115 dogs examined

Hitherto serotype 09 pas not
the enteric contents or throats
.

ont amnd

been 1solated from
of Damsh swine As
with this

pawiogenic for
9 26band non
51 cases Most
0types 5a and &

mantdh S26 7 45 13 15 177
typeable strains) were cyfivated n
z{ these isolates belonged to O ser

139



as ¥ enterocolinca and subjected to further brochemical
characterization and serological typing
Bioch reacnions Broch tests were perfor
med at 37° C unless otherwise stated Fermentation of
carbohydrates was performed 1n meat extract peptone
broth with I per cent of the test substances 1 questian
Bromthymol blue was used as indicator Negative tests
were retained for 21 days before being discarded
Fluorescent antibody techmque Three week old cold
enrichment cultures were examined for ¥ enterocolitica
serotype O3 by the indirect fluorescent antibody
techmque
<,

al yping After testing suspec
ted Y enterocolitica strams were serotyped by shde
agglutination tests with specific absorbed rabbit O
antisera for O serotypes 1-26 (7 10 11)

Phagety ping was performed by Prof H H Mollare
Instrtut Pasteur Panis

RESULTS

Material | A total of 68 strains of ¥ enterocolitica
were 1solated from 399 samples of colon contents
collected from bacon pigs on slaughter during
January April July and October (Table 1)
Seventeen stramns were O serotype 3 the common
human pathogenic type Five strains were non
typeable Except for 4 stramns falling into O
serotypes 11 and 12 the rest belonged to the mn
dole aesculin and salicin positive types of ¥ ente
rocolitica OF these 13 stramns were referred to O
serotype 6 and 12 to O serotype 5a Serotypes O4b
07 015 017 019 and 026b were also represent
ed Seasonal variation was not observed

Material Il Ten strains of O serotype 3 were
1solated from the colon contents of 200 pigs viz 2
out of 100 1n September 3 out of 50 1n November
and § out of 50 1 December

On pooling the above results 1t can be seen that
27 strans of the human pathogenic O3 serotype of
Y enterocolitica were 1solated from 599 pigs (4 5

per cent) From the 399 samples 1n Materual I §1
strams of other serotypes of ¥ enterocoitica (128
per cent) were cultured Presumably these bactera
are indigenous to the normal flora of pigs and are
not pathogenic for human beings Three porcine b
enterocolitica strams of serotype 3 were phagetyped
and all found to belong to phagetype VI

Comparison between culture and IFA test for
demonstration of Y enterocolttica serofype 3 A total
of 499 specimens were examuned by both methods
Nineteen samples were positive by IFA Among the
480 specimens negative by IFA S were postine by
culture Of the samples positive by IFA 18 could be
venified by culture 9 1n the primary culiure 8 aftes
repeated culture and one after repeated culture It
enrichment medum at 4° C for three weeks One
could not be vertfied

Material {If Of the 215 faeces samples from
dogs 115 were examined both by IFA test {for
diagnosis of ¥ enterocalitica serotype 03) and by
culture (for diagnosis of all serotypes of ¥
enterocolinica) Y enterocolitica was isolated m 7
cases (6 1%) Three strains belonged to serotype 52
(biotype 1) and 2 to serotype 6 {biotype 1) THO
strains were identified as the human pathogenic 0
serotype 3 The specimens from which the two last
menttoned strains originated were negatne by IFA
test The two dogs carrying O serotype 3 were 4/
months and 3 years old respectively The aees of
the amimals from which the other probably non
pathogenic  strams were isolated varied betwest
4 and 8 years

In addition examination was made of 100 fects
samples and 171 rectal swabs from dogs tmitaally
by the IFA test only with special regard to
serotype 3 In 9 cases the IFA test was posithe and
1 [ [ cases doubtful Only one of these 20 cases w3%
positive by culture This was a sample with doubtful
result tn the IFA test and culture was positine onfy
after repeated enrichment

TABLE | fsolation of Y enterocoliuca from Colon Contents of Swine

No of Y enteroco o -
It sitive serotype
exaﬁ:nu‘l ;;:pfe: (%) 3 4b Sa 6 7 11 12 15 17 19 26b typeabdle
) 2 [
100 1707 4 3 4
:‘Aan:i\ry 99 22 22 2 4 4 3 1 1 | |2 5
Ju‘;y 100 19 (19} 6 31 3 2 3
October 100 10 (10) 5 2 3
399 68 (17) 73 12 13 7 1t 3 11 4l s

Total
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Eighty strains of Yersima enterocoliica were gxamined for thewr abilty to tovade Hela cells The
following O serouypes were found to Be imasive | 3 4a 4 Sb 8 9 15 13 20 2} amd 22
Biochernically these lypes are either Indole aesculin  and salican negative or indole posive but
atseubin and sahcin negauve  Other serotypes of Y entcrcolitscr did not wnvade Hela cells
Biochemically ihese nonimasive strams are mdole  gesculin and salicin posiuve Also the non
sucrose fermenung strains of O setonypes 11 2ad 12 were nonmasne The interacion with Hela
cells was not restricted to viable bactena sinee 3lso baciersal cells mactivated by formalin or uliraviolel
Light could gawm entrance o the Hela cells Heatng of the baclena 10 J00° C for 3@ mun completely
iahibited their msasnveness Manolayer cultures of porcine kidney cells were also imvaded by straims
which nvaded Hela cells

hey words Yersima cnterocolinica Hela cells

K B Pedersen State \eteninary Serum Laboratory 27 Bulowsvey D 1870 Copenhagen v Denmark

Recerved 18 vin 78 Accepted 7 78

The ability of certain strains of Yersina enteroco
dmca to ivade Hela cells has been reported by Lee
et af (2) Une (4) and Une et al (5) Simce only
Strains otherwise recognised as pathogenic were
found to be ivasne to Hela cells this feature
would appear to be wseful 1 evaluauon of the

of stramns of ¥ lumugte
2lsa be of some stgmficance for differentiation of the
h species of ¥ Y/

In this work O serotypes 1-26 of Y enterocon
tica were tested for interaction with Hela cells Tn
addison some of the strains were examined for
mieraction with cultures of porcine kidney cells
The role of the viability of the bacter:a for
interaction was examined through inactnaton of
the bacteria in dafferent ways

MATERIALS AND METHODS

Bacleria Eaghty strams of different O-serotypes and
biopuypes of ¥ enterocolitieu from the culture collecsion
of the Insuitue of Chinical Bacteiotogy a1 Malmo were
used The wdenuty of the strains can be seen from Table
1 The Q-serotypes were dennfied according to Winblug

(7 8) and Wauters et al (6) the biot
Nteln (3) e acording to
P

cell '

aff

wit . . .

werr

ster - "

tacsluton Foay ws1s alid washed three tmes with
wally they were resuspended nsalnetoa

14t



mically they are indole-, aesculin- and salicin-
posttive, except for the four stramns belonging to O-
serotypes 11 and 12, which, unlike all other
serotypes, do not ferment sucrose

The present findings in dogs are conststent with
the results oblamed by Kaneko et al (2), who
wsolated ¥ enterocohitica from 25 (55 per cent) of
451 dogs examuned In the Japanese study, in which
Tour regions of the intestinal tract were examined
from each dog, 1t was remarkable that when
present, serotypes O3, OSb and 09 were usually
1solated from more than three regions per dog In
contrast, serotypes O5a and Q6 were never 1solated
from more than one region thus mndicating that
probably these types occur only transitonly n the
ntestnal flora

-

ES

“

N

~

oo

Larsen Hannover J The chmcal significance of
yersimosis 1 Results from three years of systemayc
investigations for infection with Yersuma enteroco),
#rea m the County of Copenhagen Ugeskr Lag
137 565-570 1975

Pedersen K B Isolauon of Yersima enterocolt ca
from Danish swine and dogs Acta path mcrobyl
scand Sect B 84 317-318 1976

Pedersen K B Occurrence of Yersima enturocaf;
tica 1 the throat of swime In press Contnb
Microbiol Immunol vol § harger Basel
Toma S & Derdrick } R Isolation of Yersng
enterocoliica from swine J Chin Microbiol 7
478-481, 1975

Wauters G Contributton a letude de Yersng
enterocolitica Thests Vander Lowam 1970
Wauters G & Janssens M Poruage de }rsna
par le pore de bouchene 11 Recherche

The authors are indebted to Mrs Sonja Jensen Small
Ammal Chintc Royal Veterinary and Agricultural
Unwverstty and to Dr # V Morrung State Vetertnary
Serum Laboratory for supplying dog faeces samples
Thanks are also due to Professor ## H Mollaret Tnsutut

o

de Yerstma enterocolitica sur des langues & porc
achetees en boucherte Med et Mal Infect /2 5ti-
519 1976

Wauters G Pohl P & Stevens J Porage de
Yersina enterocohiea par le porc de boucher 1
he de Yersima enterocolitica dars fes mate

Pasteur Panis for phagetyping We ack ledge the

techmcal skill of Mrs Munna Petersen

REFERENCES

1 Jepsen O B Aorner B Laurusen A B Hancke
A-B  Andersen L Henrichsen S Breno E
Chrisnansen P M & Johansen Aa  VYersima
enterocolitica Infection 1 patients with acute surg
cal abdomtnal disease A prospective study Scand
J Infect Dis & 189194 1976

Kaneko K Hamada S & Kato E Occurrence of
Yersima enterocolitica 1n dogs Jap J vet Sa 39
407414 1977

~

=1

o

Tes fecales et les amygdales de porc Med et Mal
Infect 11 484-435 1976

Wunblad S Studies on serological typme of
Yersima entterocolsca Acta path microbiol scand
Supp] 187 1967 p IS

Winblad § Immune response 1o Yersima 3nd
Pasteurella [n Manual of Ciimcal Immunology
American Society for Microbiology 1976 pp 296~
30t

Zen Yop H Sakar S Marwama T & lam
gana Y Tsolaton of Yersma enterocoheca and
Yersima pseudotuberculosis from swine cattle and
rats at an abattorr Jap J Microbial {8 103-108
1974



 Aca path muobiol scand St B 87 141-145 1979

STUDIES ON THE INTERACTION BETWEEN
DIFFERENT O-SEROTYPES OF
YERSINIA ENTEROCOLITICA AND Hela CELLS
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Eighty sttains of Yersma enterocolinca were examined
following © seratypes were found 10 be wnvastve | 3
Bochemucally these types are euher indole aesculin
#sculin and salicin negatve  Other seroyypes of ¥
Bochemically these non anvasive strawns are indole

for their abilty 10 1nvade Hela cells The
da ¢ Sh 9 15a I8 20 21 and 22
and salicin negative or indole positne but
emerocohnice did nov invade Hela cells

aesculin and sahion posine  Also the non

Sucrose fermenting strams of O serotypes 11 and 12 were non imvasive The interacuon with Hela
eells was not resiricted 10 viable bacteria since also bactenal cells inactinaied by formalin or ultraviolet

beht could gam entrance 1
mhbited therr tnvasiveness
Which mvaded Hela cells

Rey words Yersina enterocol ica Hela cells

o the Hela cells Heaung of the bacteria 1o 100° C for 30 mun complerely
Monolayer cultures of porcine kidney cells were also mvaded by strams

N B Pedersen Stue \etermary Serum Laboratory 27 Bulowsve) DA 1870 Copenhagen v Denmark

la::\m 183yu78 Accepied T 78

4 N

¢

alm;s Oberwise recogmised as pathogenic were
. hl o be imasne o Hela cells thus feature
D:Eﬂ 2ppear 1o be useful 1 evaluation of the

L4 Were tested for mteraction with Hela cells 1n
ddtion some of the strains Were examined for
Meraction with cultures of porcing kidney cells
The rote of the viabity of the bacteria for
‘nietaction was examuned through inactivaton of
the bactera in different ways

——

MATERIALS AND METHODS

Bacieria Exghty strams of different O-serotypes and
biopispes of ¥ enterocolinca from the culture collecton
of the fastitute of Clinical Bacteriology at Malmo were
used The wentny of the strains can be seen from Tabje
1 The O serotypes were idenufied according o Winplad

(7 8)and Bauters et at (6) the biotypes according to
Nildn (3)
~

v
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TABLE | Strains of Yersima enterocolitica Tested for Interaction with Hela Cells

Tnteractions) with

O serotype  Biotype Strain dentity Source Hela cells
! 3 P 348 Py 204 Becht 5176 Chinchilla +
1 3 Py 1422 Schnetder Hare +
2 5 Py 10 P 301 Lucas Hare -
2 5 Py 11 P 303 Lucas Hare -
2 5 Py 420 Weaver Hare -
2 5 P 368 Py 14 Lucas 404 Hare =
2 5 Ny 35 Lassen Goat *
2 5 Ny 39 Lassen Goat -
2 1 Ny 21 Lassen Water -
2a 1 Ny 22 Lassen Water -
2a 1 Ny 23 Lassen W ater -
3 4 My 0 »Winblad < Winblad Homo +
3 4 96 13/76 Pedersen Swine +
3 4 2429 4/76 Pedersen Swine +
3 4 3629 12/76 Pedersen Swine +
3 4 1188/75 Pedersen Dog +
3 4 759/76 Pedersen Dog +
42 3 P 76 Knox {960 Chinchulla +
4b 1 Fy 52 Ahvonen 1028/71 Homo -
4b 1 Ny 26 Lassen 619D Water -
4b 1 2477 23/76 Pedersen Swine -
4b 1 2828 16/76 Pedersen Swine -
4c 2 Ca 4 Cockroft Homo +
4c 2 Ca 5 Cockroft Homo +
5a 1 Py 123 Insutut Pasteur Cow -
Sa 1 P 1402 Insutut Pastenr Mk -
Sa I 144 30/76 Pedersen Swine -
Sa ! 1758 3/76 Pedersen Swine -
Sa § 873 194/77 Pedersen Dog -
5b 35 P77 Rnox 1048 Chinchilla +
6 | P 219 Py 102 Bojsen Moller Homo -
6 1 96 14/76 Pedersen Swine -
5 ? 2758 5/76 Pedersen Swane -
6 1 873 190/77 Pedersen Dog -
7 § P 413 Py 107 Borg Petersen Guinea pig -
7 ! My 9 Nilehn Homo -
7 1 Chy 80 Aldova 17395 Microtus -
1 1 Day 69 Pedersen 2477 19/76 Swine -
748 1 Day 3 Pedersen 1106/75 Dog -
7713 i Day 74 Pedersen 2828 29/76 Swine -
8 2 P 311 Schieifstein Albany 5819 Homo +
9 3 My 79 Nilehn 5385 Homo +
10 1 Py 474 Wauters 4/69 Homo -
11 7 P 226 Kristensen Homo -
T 9 Py 1420 Schnerder Fox -
11 ? USA 10 Weaver B 3013 Homo -
1 * Day 60 Pedersen 1758 27/76 Swine -
12 9 Py 490 Lucas 63 Hare -
12 B} Ny 27 Lassen Water -
12 7 Ca |7 Toma 149 Homo -
" 96 12/76 Pedersen Swine -
12 1 Py 553 Wauters Homo -
1’ 1 Py 480 Graut Homo -
14 i USA 19 Py 849 Weaver Homo -
15 Py 1663 Hausnerova 8811 Homo -
15 : Day 61 Pedersen 2429 12/76 Swine -



is | Sva 25 Thal

15 1 Day 134 K K Knstensen
15 4 Py 614 Esseveld 188

16 1 P7867 Graux

i 1 Ny 20 Lassen 3338

17 1 USA 40 Weaver C37412
17 1 USA 46 Malovany 48
17 ! USA 48 Malovany 50
17 1 S

1 1 144 22/76 Pedersen

18 2 USA 16 Weaver B 4542
19 1 Fy 50 Ahvonen 534

19 1 144 4/76 Pedersen

19 { 1758 2/76 Pedersen

20 2 USA 15 Weaver B 4403
n 2 Ca 18 Toma

n 1 USA 30 Weaver C 109
b3 1 Py 1636 Hausner 3308
2% 1 Py 1655 Hausner 3833
2 1 Py 1668 Hausaer 8931
2% 1 Py 1662 Hausner 8459
% 1 Py 1638 Hausner 3310
2 1 Py 1667 Hausner 8930
2% 1 Py 1671 Hausner 8952
2% 1 144 32/76 Pedersen

3+ Interaction with HeLa cells
~No mteraction with HeLa cells
b Previously referred to Nilehn s biotype 2 (3)

densuty of approvimately 8 X 108 bactera per mt One
porton was heated to 100° C for 30 munutes another
was irradiated with ultraviolet ight for 15 minutes and
athird was mactivated with © 3% formaln washed and
then resuspended 1n sterile saline One portion was left
untreated for control All the tactivated suspensions
were tested for sterity Suspensions which had been
heated at 100° C for 30 mun were considered to be
devoid of Hantigen while after other forms of
imactivaton the H antigen was assumed to have been

Tved
HeLa cells Monolayers of Hela cells were grown 1
Leighton tubes with coverslips Medium 199 (Earle s
salts) with HEPES buffer sodum b carbonate and 10
per cent calf serum was used The cells were grown at
37° C without use of antibiotics
Porctne kidnev cells The established celt line PK |5
and secondary pig kidney cells were used The growth
condiions were as for HeLa cells
Infection of cell cultures The experiments were carried
it n ¥echtan tubes W th ooversl ne Tha
anubiotics was added After ncubaton at 37° C for 90
munutes the 1noculum was removed and the cell cultures

were washed three times with warm PBS to remove
extracellutar bacteniz The covers] ps were transferred to
new Leighton tubes and incubated with 2 mi fresh
Medrum 199 with 10 per cent calf serum and kanamycin
(50 pg/mD) for 3 hours at 37° C Afier this incubation
period the mediim was removed and the cell cultwres
washed three times with PBS (4° C) and then fixed with
methanol for | min With a few of the non mvasive
strains many bacterta adhered extracellularly but this
phenomenon was usually absent when washed suspen
stons of bacteria were used as mocula instead of nutrsent
broth cultures The preparations were stamed with
Gternsa solution mounted on shides and examined by il
IMmersion microscopy at a magnification of 630 x

RESULTS
Clear distiction could be made between the strams
of Y enterocolinica which were able to interact with
Hela cells and those which were not With
Interacting stratns a very great number of bacteria
Were present apparently iotracellularly 1 the
:ajomy of cells 1 the monolayer cultures

ORever strain-dependent vara

ventss were apmaepe 1i0ns 10 the invasy
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TABLE | Stramns of Yersima enterocolitica Tested for Interaction with HelLa Cells

Interactiont) sty
O serotype Biotype Stram 1dentity Source Hela eells
1 3 P 348 Py 204 Becht 51/6 Chinchilla +
1 3 Py 1422 Schneider Hare +
2 s Py 10 P 301 Lucas Hare -
2 5 Py 11 P 303 Lucas Hare -
2 5 Py 420 Weaver Hare -
2 ] P 368 Py 14 Lucas 404 Hare -
2 5 Ny 35 Lassen Goat )
2 5 Ny 39 Lassen Goat
2a 1 Ny 21 Lassen Water -
2a i Ny 22 Lassen Water -
2a 1 Ny 23 Lassen Water -
3 4 My 0> Winblad Winblad Homo +
3 4 96 13/76 Pedersen Swine +
3 4 2429 4/76 Pedersen Swine +
3 4 3629 12/76 Pedersen Swine +
3 4 1188/75 Pedersen Dog +
3 4 759/76 Pedersen Dog +
4a 3 P 76 hnox 1960 Chinchulla +
4b 1 Fy 52 Ahvonen 1028/71 Homo -
4b 1 Ny 26 Lassen 619 D Water -
4o 1 2477 23/76 Pedersen Swine -
4b 1 2828 16/76 Pedersen Swine -
4c 2 Ca 4 Cockroft Homo +
4c 2 Ca 5 Cockroft Homo +
Sa 1 Py 123 Institut Pasteur Cow -
Sa ! P 1402 Insutut Pasteur Mk -
Sa 1 144 30/76 Pedersen Swine -
Sa 1 1758 3/76 Pedersen Swine -
5a 1 873 194/77 Pedersen Dog -
5b 3v) P 77 knox 1048 Chinchilla +
6 1 P 219 Py 102 Bojsen Meller Homo -
6 1 96 14/76 Pedersen Swine -
6 1 1758 5/76 Pedersen Swine -
6 1 873 190/77 Pedersen Dog -
7 [} P 413 Py 107 Borg Petersen Guinea p1g -
7 1 My 9 Nilehn Homo -
7 1 Chy 80 Aldova 17395 Microtus
7 1 Day 69 Pedersen 2477 19/76 Swine -
778 1 Day 3 Pedersen 1106/75 Dog -
7/13 1 Day 74 Pedersen 2828 29/76 Swine -
8 2 P 311 Schleifstein Albany 5819 Homo +
9 3 My 79 Nilehn 5385 Homo +
10 1 Py 474 Wauters 4/69 Homo -
1 ? P 226 Knstensen Homo -
11 ? Py 1420 Schnerder Fox -
1 K USA 10 Weaver B 3013 Homo -
1 ? Day 60 Pedersen 1758 27776 Swine -
12 7 Py 490 Lucas 63 Hare -
12 ? Ny 27 Lassen Water -
12 d Ca 17 Toma 149 Homo -
12 ? 96 12/76 Pedersen Swine -
Py 553 Wauters Homo -
13 !
1 Py 430 Graux Homa -
14 1 USA 19 Py 849 Weaver Homo -
15 1 Py 1663 Hausnerova 8811 Homo -
135 1 Day 61 Pedersen 2429 12/76 Swine -



negative or mdole positive but aesculin and salicin
negative The latter fermentation paitern is common
for strans 1solated 1 the US A or Canada

As regards O-serotypes 3 Sb 8 and 9 the
present findmgs confirm the work performed by
Une (4) and Une et al (5) Usmg electron
mucroscopy Lee et al (2) demonstrated that the
interaction consists n penetration into the cells and
not only 1 adherence to the Hela cell membranes

The ability to mteract with tissue culture cells 15
not restricted to viable bactenial cells since orga
nisms mactivated by formahn or ultraviolet light
were still capable of gaimng entrance mto Hela
cells These results might suggest that treatment
which leaves the H antigen mtact will not destroy
the ability to mteract with HeLa cells Lee et af (2)
found that the invastveness of some stramns was
most pronounced when the bacteria were grown at
22° C and almost ml when they were grown at 36°

C ool 12 L 3

since also tnactivated bacteria were found 1o gamn
eptrance 1o the Hela cells The mnfectivity of the
orgamsms for monolayer cell cultures was not
hauted to cells of human origim since also porcine
kidney cells were 1nvaded

As stated by Lee er al (2) the HeLa cell test 1s
simple ineXpensive and rapid and would seem to be
useful 1n exammation of 1solates from clical cases
for possible pathogentc sigmificance This may
involve a further extension of the use of cell cultures
in evaluation of bacterial pathogemcity
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O serotypes of ¥ enterocolitica that are usually
considered pathogeme for man or ammals were
found to mteract with the Hela cells (Table 2) This
was the case with O serotypes 1, 3, 4a 4c, 5b, 8, 9,
15a, 18, 20, 21 and 22 The strains belonging to O-
serotypes 4c, 8, 18, 20, 21 and 22 were 1solated
from man m the USA or Canada Witk the
porcine stramns of serotype 03, which are relatively
freshly 1solated, damage to and detachment of the
Hela cells was observed However, thus cytotoxic
effect was not observed if the process was
termmated after the imual incubation for 90
minutes These O3 strains from pigs also showed a
tendency to adhere 10 the glass and cell surfaces

The remaining O serotypes were negative i the
Hela cell test, mcluding the non sucrose-fermen-
ting stramns of O serotypes 11 and 12, and all the
indole positsve, aesculin- and salicin fermenting,
lecithmase positive strams It 1s of special 1nterest
that the strains of O serotype 17 were negative 1n
the Hela cell test In preparations with the
Norwegian stran Ny 35, so many extracellufarly
adhering bacterta were present that the question of
1nvasneness was left open

The expeniments with mactnated bacteria sho
wed that cells exposed o 100° C for 30 mun lost
therr ability to interact with the Hela cells
Inactrvauon with ultravtolet light or formalin did

not disturb the interaction with Hela cells The
tnvasiveness of some of the strams (01/P348 03/
My 0, 08/P311, 09 My 79) was examuned 2lo
with bacterta grown at 37° C. In all cases a weaker
nterachion was fourd thap with bacter2 grown 2t
22°C

Four strains (O1/P348, 03/My 6 03/96-13
03/1188) which were posttne, and one (07/Dav
69) which was negative in the Hela cell test, wer
examined for interaction with porcine hidney cells.
The HeLa-cell v ading strains also invaded porane
Ladney cells while this was not the case with the
strains which did not invade the Hela celis Mo
differences in tus respect Were observed betneen
the porcine hidney cell hine and secondary porane
kidney cells

DISCUSSION

Stramns of ¥ enterocolics which are genersh
considered to be pathogeme for man of ammals
were found fo nteract wath HeLa cells (Q <erotpes
1, 3, 8 and 9) but also serotypes With 2 mort
uncertain pathogentcity were positne (O Seroiypes
da, dc, 5b, 15a, 18, 20, 21 and 22) The potst
strains all belong to the biotypes of ¥ entcrocoliics
which are either mndole-, gesculm and sahan

TABLE 2 Jnteraction Betwcen Different O seron pes and Bion pes of Y ersiia enterocohtica and Hebs Cells

Invasiveness of Buot Comments
Ye Stramns O serompe ype
Human pathogemc strams and
Positive 1342569 15 34 — = = % 4 - — + stams solated from chnchilss
and hare
Strains 1solated from man 10
840182021 22 2 wm ke m e s wome
Negative 1nn ’ - - = 4 + = = - Non sucrose fermentmng sttins
Strams mostly isolated from 2
67
5?84;/5123 1013 + x ,  mals and water Supposed to te
14 15161719 ! A o non pathogesic. Alse strams ©
3242526 serotype 017 wolated from 3
’ ranety of human discase cond:
tions (1)
- Strains jsolaged from hares at
5o o Tt M goats Trehalose-negatne










Acta path mucrobiol scand Sect- B 87 147-154 1979

BIOLOGICAL INDICATORS FOR THE CONTROL OF
ETHYLENE OXIDE STERILIZATION

EBBE AHRENSBURG CHRISTENSEN and HANNE KRISTENSEN

Biofogicat Control Department Statens Serumunsttut, Copenhagen Denmark

Chnstensen E A & Knstensen H Biological indicators for the coatsol of ethylene oxide stenlization
Acta path micvobiol scand Sect. B 87 147-154 1979

A new buological indicator has been developed for the control of ethylene oude stenlization
parucutarly for large scale senlzauon of disposable medical equipment The aim has been 1o provide
the new indicaior with the same resistance 1o the combined #ffect of ethylene oxude and water vapous
as the biological imdicator Teferred 10 by the health authorities 1 Scandinavia The reference indicatar
contans spotes of a Danssh test stram Bacillus subulis 10 sand The new oné conwans spores of 2 test
strain used extensively for bulogical ind cators viz B subulis var niger (8 globigu) The spores 1o the
new preparation are dried 1n preces of cotton yarn The two indicators were expesed to ethylene oxide
and water vapour in five Sifferem senes of expenments and almost the same Tesistance was found In
simulated routine steniluzation procedures the new ndicator was placed at locations not easily accessible
for the gas and water vapour and the results reflected the blockage of diffusion The expenments
wcluded samples of household dust The tesistance of the rucroorgamsms ta the dust was comparsd
with that of the brofogical indicators Based on these comparisons st 15 concluded that the resistance of
the two biological indicators to ethylene oxide 1s 1n accordance with the official Scandinavian standard
for stenlized medical equipment when used 1n the controt of sterizavon of products with low
microbsa) contamination

key words Ethylene oxde sterlizauon control biological indicators

E A Chostensen Biological Control Department Statens Seruminsutut Amager Boulevard 80 DK 2300
Copenhagen S

Accepied as subnutted 2 11 78 during the sterilization procedures but the concen
w. . tratons of ethylene ox:de and water mn the products
g - . . to be sterilized become adusted relatively slowly to

inethod 15 used for mdustnal stenlzation of
disposable medical devices and supplies In the
Unsted States of America and 1 some of the West
European countries the method 15 also used
Cxtensively at hospitals for stenlization of utensils
However at hospitals 1 the Nordic countries
ethylene oxide sterilization has never been accepted
4 routine method

The imacuvating effect of ethylene omde on

rganisms of all kinds 1s well

the concentrations that can be measured 1 the
chamber of the stenlizer A state of balance wihip
the sienlization penod 1s not always achieved and
physico-chemical determination of the decisive
parameters m the ethylene omde stentwaon
Process 1s an unreliable measure of the micrah 1~

713) The eff

s
w to that of the biological indicator (lLL

ect 15 on
the concentration of ethylene oxide the exposure

Ume the temperature and the relatve humidity
These parameters can be regulated 1o some degree

S)

from Statens Institutt for Fotkehy

gslo Statens Baktenologiska uhmwn:ff ::
tockholm and Statens Seruminsun
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Prehumdfca on a1 56°C gave cons derable

changes n the results (Table 1) The feast sens tne
< ot
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exposure for both 4 and 20 hours
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It 1s difficult 1 some cases to use the reference
mdicator IS for control of ethylene ovide steriliza
tion of disposable material such as syringes needles
and infusion sets because 1ts content of sea sand and
wrapping material makes the mndicator too bulky
and water absorbent for use inside a number of
medical utensids As supplement to IS Statens
Serumunstutut has therefore developed a new biolo
gical indicator — IF — with the same resistance
properties against the effect of ethylene oxide as IS
but of smaller size and with no w rapping matersal
around the indicator umt

In large scale gas sterihzation IF 15 intended as
an afternative to and not a substitute for 1S 1S 55
stll a most suitable indicator for the control of
many industrial sterthzation processes

MATERIALS AND METHODS

The bacieriological preparauons included in the nvesty
gauons are as follows

! Biological indicator based on spores 1n sand (IS)

Tesl strawn 15 2 Bacilius subnhs 1solated in 1949 from
straw With a view to its use 1n biologrcal indicators for
autoclaving and dry heat sterthization

The stratn 1s cultivated on agar plates (beef peptone
broth (11) NaCl 03% Na)HPO4 2H;0 02% agar
1 7% pH 7 3-7 4) for 4—5 days at 36-37°C W hen the
culture contains more refractive spores than vegetative
cells the Javer of culture 15 scraped off the plates and
suspended (unwashed) in physiological saline The spore
suspension ts poured on to sterite sand (Merch Seesand
gereigt art 7711) The wet sand 1s dried 1n vacuum
and homogenized The amounts of culture saltne and
sand are regulated to a content of about 107 spores per
gram dried spore sand The drying process 1s regulated
so that the resistance to dry heat and to the combined
effect of ethylene oxide and water vapour 1s the same as
that of previous preparations The indicator unst consists
of about 120 mg spore sand packed in two layers of
paper The spore sand i1s kept in air and watertight
packages from ume of drying until ume of use

2 Biotogicat indicator based on spores in cotton yarn
[Lig]
The test stramn 15 Bactllus subntis var mger ATCC
9372 made avatlable m 1960 by Dr R A Hoffman
Camp Detrick Maryland US A The stram s gfown on
TGY agar plates (05% tryprone (Difco) 0 1% d
glucose (Analar) 0 3% yeast extract (Difco) | 89 agar
(Difcol far 3-5 days at 30-32°C When the culture
contaips more refracuve spares than vegetauve cells the
fayer of culrure 1s scraped off the plates and suspended
(unwashed) 11 sterile saline Washed stertle cotton yarn
15 motstened with the spore suspension before vacutim
drying The amounts of culture water sodium :h(onde
and yarn are regulated to & content of about 10! <P0f=:
per | cm cotton yarn The test piece consists of about

€m yarn

In the series of experiments deseribed here IF was
Packed i two layers of paper for comparison With IS
and dust samples An exception was m the fifth series
Which Was a simulated routine stertlization of disposable
medical equipment where IF was used without paper
wrapping The mdicator 15 kept protected from are and
Water Vapour from time of drying unti! tme of use

3 Dust samples containing about 105 colony forming
unns

The dust originated from Danish households and nas
Coltected by vacuum cleaner during the months of \av
June and August Three to five different households were
represented 1n each batch of dust samples The samples
Wwere used for only a few weeks after collection Ha rand
coarse particles were removed and the dusts were then
mixed and homogerized m mortar From ume of
cotlection to time of use the dust was protected agamnst
changes in temperature and air humudity The mdividual
test unet consisted of about {00 mg dust packed Ir fwo
layers of paper

Bacteriologrcal methods Alter exposure to ethyfene
ovude the two biological indrcators and the dust samples
were cultured in flnd TGY medium pH 78 8 mland
20 m) per sample respectsvely The two subilis strams
were incubated at 35-37°C for 14 days and the dust
samples at 30-32°C for 6 weeks

Secondary culture on TGY agar plates and micro
scopy of stained and unstamed smears were used ©
verily that turbidity or colorzes 1 the mediem was dve
to viable microorgamsms and also to classify the
surviving micfoorganisms as bacteria or funet

Determination of the il number of colony
formung uaus In the tndicators and dust samples was
made by suspension of the specimens i phystolog al
saline and noculation from tenfold dilutions on to TGY
agar plates In a number of the experiments cultiration
of the ethylene owde treated specimens 10 fluid medum
was supplemented by counting the number of surviving
cotony facmung wnuts m parallet sets of specimens

W hen pre hunudified specimens were used these
were brought to equihibrium with high relative humed v
by storage for 24 hous a1 56°C = 2°C wn a lttle bot
coutatning an excess of water 1 the form of moistened
cotton wool

Two sterils ers wer¢ used

Sterdt er A with a volume of 60 ltres

Heating ts carried out by means of a water Jachet

around the chamber During the whole process ¢
temperature 1n the pachet 1 $4°C  1°C Transient
temperature variations in the awr mixture in the chamber
will not be registered by the thermometer which
measures the temperature tn the mantle of the chambe?
The atr 15 evacuated to a residual pressure of 10 mm Hg
Water 1s admitted to 60 1 relative humrdity and then an
cthylene oxide freon mixture (12 ¥ ethylene oude 431
freon 11 and 441 freon 1%) to an ethylenc oud
concentration of 450 mg per litre  After exposure
evacuatton (s carried out to below 10 mm Hg for 21 Joast
one hour The ume of exposure 18 measured from
admission of the ethylene oxrde freon mixture 10 the
mmtiation of evacuation



Sterilization of Disposable Plasne and Meta!

1 of IS IF and Dust Samples n Sumulated Routine

Iﬁi}f ‘Thfvg’g;::?sﬂsh{n 1 are the Sum of the Results of Indvidual Expersments which Included ':2 ;/ ::;hcaf the
i ;hm Bacterwological Preparations Four IF Indicalor Units were placed at eack of Locations

Exposure ume
4 hours 19 hours.
Type of indicator Total number of  Number of samples  Total number of  Number of samples
samples with growth samples with growth
60 9 60 2
ol 0 0 60 0
Towl 60 3 60 13
0
Atlocation A2 20 0 20
1 Atlocation B 20 Y] 0 I(;
Atlocauon C 20 20 20

* Locatons A Band G of wndicator IF zre shown i Fig 2

without needles attached The packing matersal for
the individual ttems was a bag with a plastic
famunate {ront and 2 paper back The multicantent
packages were the origtnal cardboard boxes In s
series the advantages of the smalt size of IF could be
utilized The preces of cotton yarn were placed
without any paper wrapping at tocations where the
sterihzation procedure was presumed to be the least
effective (Fig 2) Because of thesr size the indicator
umts of IS and the dust samples could not be placed
instde the syringes These test pieces were therefore
placed nside the packages for the individual stems
The exposure umes were 4 and 19 hours in
sterilizer B {Table 4)

Even the short exposure ttm¢ caused mactivation
of the biological indicators when located so that the
B2s and water vapour has reasonably easy access
However mune out of a total of 60 dust samples
placed similarly showed growth The indicator undts
placed where the gas and water vapour had difficutt
acoess showed growth from 17 out of 20 ocation

TABLE § Cle

P T R Y -

mactivated In location C growth appeared from 13
out of 20 IF indicators

Incubanon Period and Surviving Microorgamsms

Ta all avmpem

90 uays

The majority of the microorganisms isolated
from the dust samples exposed to ethylene oxide
were classified as Gram-positive rods bt also fungt
were observed frequently After an exposure to
ethylene oxide which resulted 1 growth from more

of Sunnng

Serere Exposure 1o Ethylene Oxide

in Dust Samples Subjected to Moderare gnd
Respecnively

Classification of survivors

Total number a5 percentage of total
Effivency of exposure to ethslene oside of st Bacteria Fin
i g
L Roas
Growth from more than 90 % of the dust samples b33} 8 82 1]
Growth from fes than 10% of the dust sacmples ) s 12

80



TABLE 2 Comparison of IS and IF 1n Routine Disinfecuion in Sterutzer A (18-20 b} and in Rovune Sterilizaton in
Sterthzer B (4 k) The Figures Shown are the Sum of the Results of Individual Experiments wyth Six of each of the Tug

Indicators

Number of samples

Procedure Type of indrcator Total number with growth aff:r
of samples exposure

Routine distnfection 1S 84 60
procedure 1n stersfizer A IF 84 54
Routine sterthization s 72 6
procedure 1n sterihizer B 1F 72 3

In all cases the products were heat sensitive surgical mstruments with a low waterabsorbing capacity

TABLE 3 Comparison of IS, IF and Dust Samples after Exposure 1o Ethy lene Oxtde in Simulated Routine Stenlization
of Textles Wrapped wn Paper The Figures Shown are the Sum of the Results of Indnidual Experments which
Generally Included 6 or 12 of each of the Three Preparations

Exposure ttme

4 hours 19 howrs
Type of indicator Total number of Number of samples Total number of Number of sampks
samples with growth samples with growth
Dust samples 177 20 146 [
18 178 72 147 0
IF 178 16 147 0
{Table 2) 1S and IF gave an almost equal number of
positive results
In the third series the resistance of IS and IF was A
compared 11 routine ethylene oxide stenhization of —““—‘\-
various heat-sensitive surgical instruments n steri- 27y
hzer B The exposure time was 4 hours {Table 2} 1S
and IF gave almost the same number of positive 8

results obtained 1 the same procedures

In the fourth serres the ressstance of IS and 1F
was compared mutually and with dust specimens
a simulated routtne ethylene oxide sterihization
where the product was cotton materal wrapped sn
paper The indicators and the dust samples were
placed m the muddle of the packages and the
exposure time was either 4 or 19 hours 1n sterihizer
B (Table 3) The shorter exposure time resulted in
growth almost equally often from 1S and IF, and
somewhat more seldom from dust samples The
long exposure nme resulted 1n growth from only a
few of the dust samples

In the fifth seres, the resistance of the two
mdicators was compared mutually and with dust
samples 1n 3 simulated routine ethylene owude
sterilization of disposable plastic syringes with and

==
]

Fig 2 Locanon of IF 1n medical utensils A Berween
needle and protection cap B Betw een the conical bottom
of a syringe and the plunger C Berween the nbs of 2
rubber plunger The results of exposure 1o ethylene oude
(450 mg/ U and water vapour (RH (00} are grien i

Tavle 4




other particles and the majonty eust as more or
Jess sohid aggregates The number demoanstrated by
bacteriological determunation 15 therefore a mimu
murn figure The effect of other systematic errors
on germ determmnations acts 10 the same direction
Only the organisms w hich are given surtable grow th
conditions will be detected For instance obligate
anaerobic organisms are not registered in this study
However, despite the shartcomings dust from
private dwellings was chosen because 100 mg of
this natural product has about the same volume and
contamns the same number of microorgamsms as
one biological indicator umit 1t 1s our experience
that dust collected from vacuum cleaner or aur filter
in areas for producuon of medical egqupment
contamns a smaller number of colony forming
microorganisms per gram (2 9} Due to the targer
samples necessary to obtain sufficient numbers of
mucroorgamisms  such samples may provide too
severe an Obsirocion apaMSt einylent owde and
water vapour as compared with that of the
biological indicators
The microbial contamination of disposable equip
ment cannot be used as test material because the
1mtial contamnation per umt 1s too small in relation
to the stenhization standard lrrespective of how the
expertments are set up extrapolation from smafl to
large mactivanon factors will be necessary and we
wish to avoid extrapolation because the mactivation
curve for mised microbial populations 0 natural
products cannot be considered to be sufficiently
elucidated
1t has been stated (8) that the indicator IS has an
unsealisucally high fesistance since 1t contains
endospores enclosed n sodum chloride crystals
Hess et al (8) showed that the number of highly
resistant germs was less than one per 107 in
dandruff and less than one per 105 and one per 104
respectinely 1n two different samples of airborne
contamination from production areas If these
tesults afe compared with the general experience
from mtial countings on  different disposable
articles before sterization and with the Scandina
wan standard for sterlized medical equipment
where the relevant nactivation factors are betw een
10%and 109 1t w1l be seen that the figures cannot
elucidate the relevance of the resistance of 1S Hess
et al demonstrate that the macuvation curve for
microorganisms in the pollutions 1s different from
hat for the spores in the ndicator  However a
biological indicator serves ns Purpose when 11 gnves
erowth afier exposure to a Sterlization procedure
which 15 msufficient as compared 10 the chosen
standard for stenlzed products and po growth
when the efficiency of the procedure 1s as good or
better than desired Resistance charactersstics for an

indzcator giving a paralle] to the mactivation cune
for the microorgamsms on and mn the medical
products would be difficult to design and very
ifficult to standardize and would result n the
1naccurate test results which are unavoidable when
the test samples follow the typical dow nward
convex tnactivation curve for a mixed population of
mcroofganisms 1n natural contamination
The fifth series of experiments showed the well
known phenomenon that the location of the
biological mdicator 1n the product 10 be stenlized
may be decisive for the value of this type of control
inadduon they provided justficanion for Rubbo &
Gardner s (15) mistrust of ethylene oxide steriliza
tion of mjechion syninges and 1afusion sets In our
opinton the Wwarning givenby Rubbo & Gardner has
nat recetved sufficlent attentton outside the Scandt
navian countries VW hen the design of the products
makes ethylene oude sterilization questionable
ammaor cleetron sradianon shauld be 2dopied for
stertlizatton of disposable medical equipment {2}
of the 1solated
from dust samples after exposure to ethylene oude
gave the anticipated result that when the probabibity
of organisms surviving was relatnely great rapidly-
growmg Grampositne bactersa were found frequ
ently If they survive such robust strains will often
dominate 1 the culture afier exposure to ethylene
oxide even though there may also have been other
viable cells present 1n the dust samples W hen the
frequency of surviving orgamsms s relatnvely
small there will probably be no or only one or a few
viable cells left 1n the dust samples Therefore
competiion between different orgamisms will be
infrequent It 1s notable therefore that 1t 1s fung
which are the orgamisms most often demonstrated
in dust samples subjecied to the most effective
The same has
been obsenved previously (9) 1n dust samptes from
production areas 1n Denmark
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than 90% of the dust samples sporeforming rods
dominated Where the exposure was so efficient
that less than 10% of the dust samples showed
growth fungr were the most frequent finding (Table
5) This distribution would indicate that the
conditions after exposure favoured the growth of
Gram positive sporeforming rods

DISCUSSION

The biological mdicator IF has been designed for
smsertion mnfo nems of disposable medical equip
ment The indicator must be placed in the product to
be sterilized at locations which are the most difficu)
for water vapour and ethylene oxide to reach

The indscator stram is that most frequently used
for microbiological control of ethylene oxide sterily
zation (1 5 16) and 1s easily recognizable and
harmless ~ 1f any microorginism can be regarded as
harmless 1n this connection

Differences 1n the products to be sterilized and 1n
the steriization procedures used will mevitably
cause differences 1n the results when the resistance
of the two indicators 1s compared tn relation to
various practical ] of biok ! wndica
tors Therefore the results given m this study can
only be examples The first series of esperiments
showed that IF more readily comes 1nto equilibrium
with the relative hunidity i the environments than
1S However the other experiments showed that
this difference was not sigmificant when the amount
of water vapour available was large

W\ hen only small amounts of water are available
1n the micro environments the inactivation curve of’
the microor n both md s 15 different
from that of organisms i the natural product
chosen for comparison in this study (Fig 1} After
an exposure which resulted in about 10% of the
dust samples showing growth corresponding 10 an
snactivation factor of 105%-10¢ for the microorgt
nisms 1n the dust samples the mactination factor for
the spores 1n Dot nd tarors 15 only 10109 There
are about 100 tumes as many protected microofga
msms mn the biological indicators as n the dust
samples Protection of the spores n the indicators
provided by sodium chloride crystals and this
ceases if the hunmdity 1n the micro environment is
high enough to disorgantze the crystals The
piological mdicators are therefore very sensive to
deficiencies i the distribution of water 1 the
sterthization procedures The change from protected
to unprotected state 15 a fast process when enough
water 1s avallable A small pumber of protcted

er indicator unit causes 2 farge number of
after exposure

spores p
ambiguous test results with growth

from some though not all mndrcator units Howe
ver 1t 1S essental for the practcal value of a
biological indicator that this twilight zone where
the change from growth from all samples fo no
growth takes place 18 narrow The large content of
protected spores mn the biological mdicators will
ensure that clear warning 1s given f a stenilization
process has not been sulficiently effectne to
1nactivate the protected microorgantsms
It 1s our opinion that the comparisons between
the resistance of the mdicators and that of the
microorgamsms n dust samples confirm that the
reststance of IF and IS 1s regulated to a realistc
level The experiments in which it was possible to
mclude dust samples showed that there 1s 2 smll
fraction of microorgamsms in dust which are
difficult to tnactrvate with ethy lene otede and nawer
vapour under conditions resembling sterihization
practice Exposures resufting 1n growth from no or
one Indicator umts per 100 umts give growth from
one or a few dust samples out of each 100 samples
tested corresponding to an mactivation factor of
106-107 An mactivation factor of this size must be
regarded as adequate for sterilization of a number of
disposable articles with small numbers of orga
msms per unit before sterilization However 1t 808
not provide any extra margin of safery if the
Scandinavian standard for sterslized medical pro
ducts 15 to be adhered 10 (10 12 14) The standard
requires that the number of colony formng v
orgamisms per one million sterihized product units
must not exceed one The comparisons also show
that there 1s no simple relationship betweent the
activation factor for the test stratn 1 the biologica!
indcator and the inactivanon factor for a mited
populatson of microorganisms 1n a natural product
such as dust
As an example of microbral contammnation the
dust specimens chosen are not Wathout shoftcd
mings The resistance of the microorgamsms the
dust can only correspond to that of micsobeal
c 1on under cond those t
Denmark The chmate lwing conditions and
customs of the popufayon must have a g7¢%
influence on the number type and resisiance of
contaminating microorgamsms W e chose to carty
out the comparisons with dust samples collected 11
months during which the heating of the houses had
only htle influence on the resistance of the
microorganisms i dust However m countrtes
with a warmer and less humid climate than !
Denmark the example 15 of less value Further
more the number of argantsms demonstrated per
dust sample and the number of dust samples
shos g grow th are miluenced by the i esugation
methods The organisms 10 the dust are bound 10




other particles and the majority exist as more or
fess salid aggregates The number demonstrated by
bactersofogical determination 15 therefore a muni
mum figure The effect of other systematic errors
on germ determinations acts n the same direction
Only the organisms Which are given suttable growth
conditions will be detected For instance obligate
anaerobic organisms are not registered 1n ths study
Hlowever despite the shoricomings dust from
private dwellings was chosen because 100 mg of
thus naturaf product has about the same volume and
contawns the same number of microorganisms as
one biological mdicator umt It 1s our expersence
Ihat dust collected from vacuum cleaner of aif filter
n areas for production of medical equipment
contains a smaller number of colony forming
microorgansas per gram (2 9) Due to the larger
samples necessary to obtain sufficient numbers of
microorganisms  such samples may provide too
severe an obstruction against ethylene oude and
water vapour as compared With that of the
biologieal ndicators
The microbial contamination of disposable equip
ment cannol be used as test matenal because the
mtial contamination per ust s too small in relation
to the sterihization standard Trrespective of how the
expeniments are set up extrapolation from small to
large inactuvation factors will be necessary and we
wish to averd extrapolation because the inacuvation
curve for mixed microbial populations n natural
products cannot be considered to be sufficiently
elucidated
1t has been stated (8) that the indscator IS has an
unrealistically tigh fesistance since 1t contains
endospores enclosed 1n sodtum chlorde crystals
Hess et al {8} showed that the number of highly
resistant germs Was less than one per 107
dandrufl and less than one per 105 and one per 104
respectiely 10 two different samples of awborne
contamination {rom production areas If these
results are compared wath the general experience
from imval counungs an Aot disposalle
articles before sternilization and with the Scandina
vaa standard ot semiized medical equipment
where the relevant inactination factors are between
10 and 10% 1t will be seen that the figures cannot
¢lucidate the relesance of the resistance of IS Hess
ef al demonstrate that the mactivation curve for
microorganisms 1n the pollutions s diffesent from
that for the spores in the indicator However a
Biological indicator serves ns. Purpose when it gives
erowth afier exposure 1o a stertlzation procedure
which 15 msufficient as compared to the chosen
standard for stenlized products and no growth
when the efficiency of the procedure 1s as g00d or
better than desired Resstance charactenstics for an

mdicator gwving 4 parallel to the inactnation curve
for the microorgamsms on and m the medical
products would be difficult 10 design and vesy
duficult to standardize and would result in the
1naccurate test results which are unavoidable when
the test samples follow the typwal downward
convex activation curve for a mixed population of
10 natural

The fifth series of experiments showed the well
known phenomenon that the location of the
biological 1ndicator 1 the product to be sterilized

o Ane afamak 4 €0 .

gamma or electron irradiation should be adopted for
of medical 1v2]

(ot of the wolated
from dust <amples after exposure to ethylene onde
pavethe anuicipated result that Wwhen the probabibny
of organisms surviving was refatnely great rapidly
growng Grampositne bacteria were found frequ
ently Ifthey survive such robust strams will often
dominate 1nt the culture after exposure to ethylene
oxde even though there may also have been other
viable cells present in the dust samples W hen the
frequency of surviving orgamisms 1s relatnely
small there will probably be no or anly oneor a few
viable cells left 1n the dust samples Therefore
compeltion betwneen different organisms will be
infrequent It 15 notable therefore that it 1s fungs
which are the organisms most often demonstrated
wn dust samples subjected to the most effective
inactn ation procedures The same phenomenon has
been observed previously (9) in dust samples from
production areas 1n Denmark
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than 90% of the dust samples, sporeforming rods
domiated Where the exposure was so efficient
that less than 10% of the dust samples showed
growth, fungl were the most frequent finding (Table
5) This distribution would indicate that the
conditions after exposure favoured the growth of
Gram-positive, sporeforming rods

DISCUSSION

The biological indicator IF has been designed for
insertion nto items of disposable medical equip-
ment The indicator must be placed 1n the product to
be sterilized at locations which are the most difficult
for water vapour and ethylene oxide to reach
The indicator strain 1s that most frequently used
for microbiological control of ethylene oxide sterili-
zation (1, 5, 16) and 1s easily recogmizable and
harmless — 1l any mucroorganism can be regarded as
barmless 1n this connection
Differences 1 the products to be sterilized and in
the sterihization procedures used will inevitably
cause differences m the results when the resistance
of the two mdtcators 15 compared 1 relation to
various practical applications of biological indica
tors Therefore the results given m this study can
only be examples The first series of experiments
showed that IF more readily comes into equilibrium
with the relative humsdity 1n the environments thap
IS However, the other experiments showed that
thus difference was not significant when the amount
of water vapour available was large
‘When only small amounts of water are available
1 the micro-environments  the inactivation curve of
the mucroor m both nd, 1s different
from that of organisms i the natural product
chosen for comparison 1 this study (Fig 1) After
an exposure which resulted i about (0% of the
dust samples showing growth corresponding to an
mactivation factor of 103-10¢ for the microorga
msms 1n the dust samples the inactvation factor for
the spores 1 both ndicators 15 only 10104 There
are about 100 times as many protected microorga
nisms in the biological indicators as 1n the dust
samples Protection of the spores in the indicators 15
provided by sodum chlonde crystals and this
ceases 1f the humidity 1n the micro environment is
high enough to disorgamze the crystals  The
biological are fore very o
deficiencies 1 the distribution of water in the
stenihization procedures The change from protected
to unprotected state 15 a fast process when enough
water 1s available A small number of prmec(edr
spores per Indicator unit causes 2 large number oe
ambiguous test results with growth after exposur

from some, though not all, indicator umts Howe
ver, 1t 1s essential for the practical value of a
biological indicator that this twilight zone where
the change from growth from all samples to no
grawth takes place, 1s narrow The large content of
protected spores 1n the biological indicators will
ensure that clear warning ss given 1f a sterilization
process has not been sufficiently effectne to
inactivate the protected mucroorganisms
It 15 our opinion that the comparisons between
the resistance of the indicators and that of the
microorgamisms 1 dust samples confirm that the
resistance of IF and IS 1s regulated to a realistc
level The experiments n which 1t was possible to
include dust samples showed that there 1s 2 small
fraction of microorganisms m dust which are
difficult to mactivate with ethylene oxide and water
vapour under conditions resemblmg sterilization 1n
practice Exposures resutting m growth from no or
one 1ndicator umits per 100 units give growth from
one or a few dust samples out of each 100 samples
tested, corresponding to an mnactivation factor of
106107 Annactivation factor of this size must be
regarded as adequate for steraftzation of a number of
disposable articles with small numbers of orga
nisms per unit before stertlization However, i1 does
not provide any extra margin of safety if the
Scandinavian standard for stertized medical pro
ducts 1s to be adhered to (10, 12, 14) The standard
requres that the number of colony-forming mero
orgamisms per one million steritized product vaus
must not exceed one The comparisons also show
that there 15 no sumple relationship between the
inactivation factor for the test strarn i the biologicsl
indicator and the tnactivation factor for a mited
populatton of microorganisms 1n a natural product
such as dust
As an example of microbal contamnation  the
dust specimens chosen are not without shortcd
mings The resistance of the microorgamsms In the
dust can only correspond to that of miceobial
contammation under condttions resembling those !
Denmark The clmate lwing conditions and
customs of the population must have a great
mfluence on the number type and resistance of
contamnating microorgamsms We chose (o carf)
out the comparisons with dust samples collected 10
months during which the heating of the houses tad
only little influence on the resistance of the
microorganisms m dust However in countres
with a warmer and less humud chmate than !
Denmark the example 1s of less value Further-
more, the number of organtsms demonstrated per
dust sample and the number of dust samples
showing growth are mnfluenced by the 1nvestigation
methods The organisms 1n the dust are bound 10



other particles and the majorty ewist as more or
less solid aggregates The number demonstrated by
bacterological determtnation 15 therefore a mn
mum figure The effect of other systematic errors
on germ determmations acts 1 the same durection
Only the organisms which are gnen suitable growth
cond yons will be detected For mstance obligate
anaerobic organisms are ot registered 1n this study
Howerver despite the shortcommngs dust from
private dwellings was chosen because 100 mg of
thss natural product has about the same volume and
contans the same number of MICrPOrgamsms s
one biological mdicator umt It 1s our expenence
that dust coMected from vacuum cleaner or as filter
m areas for production of medical equipment
contams a smaller number of colony forming
mucroorgamisms per gram (2 9) Due to the larger
samples necessary to obtam sufficient numbers of
Imicroorgamisms  such samples may provide 100
serere 2n obstruction agawst ethylene ovide and
water vapour as compared with that of the
biological indicators
The microbial contamination of disposable equip
ment cannot be used as test matenal because the
1mual contamination per unit 1s too small in relation
1o the sterlization standard Irrespective of how the
expersments are set up extrapolaton from small to
large nactination factors will be necessary and we
wish 1o avoid extrapolation because the 1nactivation
cune for mixed mucrobial populauons 1n natural
products cannot be consilered to be sufficiently
elucidated
1t has been staed (8) that the indicator 1S has an
unrealistically high resistance smce 1t contans
endospores enclosed in sodwm chionde crysuals
Hess e1 al (8) showed that the number of highly
resistant germs was less than one per 107 o
dandruf and less than one per 105 and one per 104
respectinely in two different samples of awborne
contamunation from production areas If these
results are compared with the general expertence
from 1mual counungs on different disposable
articles before stenlizaton and with the Scandina
vian standard for sterilized tnedical equipment
where the relevant inactivation factors are betw een
10 and 10° 1t Wil be seen that the figures cannot
elucidate the relevance of the resistance of 1S Hess
€ al demonstraie that the inactivation curve for
mucroorpanisms 10 the pollutions 1s different from
that for the spotes n the indicator However a
brological indicator serves its purpose when 1t gives
growth afier exposuce to a sterdgation procedure
Which 15 1asufficient as compared to the chosen
sandard for sterilized products and no growth
when the efficiency of the procedure 1s as good or
better than desired Ressstance characteristics for an

indicator grving a parallel to the nactivation curve
for the microorgamsms on and n the wedical
products would be difficult to design and very
difficult to standardize and would result m the
\naccurate test results which are unavoidable when
the test samples follow the typral downward
convex mactivation curve for a mixed population of
n natural

The fifth series of experiments showed the well
Lnown phenomenon that the location of the
biological indicator 1n the product to be stenlized
may be deisive for the value of this type of control
In additton they provided justificatton for Rubbo &
Gardrer s (15) nustrust of ethylene ovde steriliza
uon of 1jection syringes and mfusion sets In our
opiion the warmag gnen by Rubbo & Gardner has
not recenved sufficient attention outside the Scandt
pavian countries W hen the design of the products
makes ethylene oxide sterlization questionable
gamma or electron wrradiation should be adopted for
of medical )
Cl of the mcroc 1solated
from dust samples after exposure to ethylene oude
gave the anticipated result that when the probability
of organisms surviving was relatively great rapidly
growing Grampositive bactena were found frequ
ently If they survive such robust strains will often
domunate 1 the culture afier exposure to ethylene
oxide even though there may also have been other
viable cells present in the dust samples W hen the
frequency of surviving orgamsms 15 relatnvely
small there will probably be no or only one or a few
viabte cells left 1n the dust samples Therefore

competition between different organmisms wili be
wfren mar B oee v 3T

wmacusaon procedures The same phenomenon has
been observed previousty (9)in dust samples from
production areas in Denmark
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DIAGNOSIS OF POSTNATAL RUBELLA BY
THE ENZYME-LINKED IMMUNOSORBENT ASSAY FOR
RUBELLA IgM AND IgG ANTIBODIES
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tomated timked

y assay (ELISA) was established for the detection of
rubella IgM anubodies 1m non fractionated sera A cut off level between fubella 1gM posiuve and
negauve sera was deternuned by a study of sera without rheumatoid factor from 200 blood donors
Testng of 12 donor sera contaming rheumatord factor showed that S sera gave a posiuve result in the
rubella fgM assay Rubella IgG and IgM antibodies were quanufied by ELISA 1n a study of 214 senal
serum specimens drawn from 16 pauemts with rubella during a period of up to 10 years afier the
wnfection Peak values of the 1gM anubodies were reached approximately 8 days after opset of the rash
and the persistence of the 1gM anubodies ranged from 17-90 days with the excepion of one pauent
with a prolonged IgM response The rubella IeG anubodies sncreased slowly after the rash and seached
maximum levels about 50120 days after which a nunor decrease was observed The results of the
present study indicate that ELISA 15 suitable as a routne procedure for the serodiagnosis of recent
Tubella

Key words Enzyme immunoassay rheumatoid factor
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Determnation of speaific IgM antibodies 1s the
method of choice for the diagnosis of recent rubella
when acute phase sera are lacking or when a rapid
diagnosis based on study of only one blood
specimen 15 required

Haemaggtuunation whiomon (HD tests (2 25) or
the indwect 1mmunofiuoresoence techmique (5)
applied on serum fractions obtamed by ultracentn
fugation ase coramonly employed for this purpose
Recently Meurman et al (13) described a sensytive
and rehable radiommmuncassay (RIA) for the
detection of rubella IgM antibodies without prece
ding separation of the imriunoglobuling Howeser
1n general RIA s impeded by the cost of reagents
and equipment and the disadvantage of handhng
radioactye 1sotopes

A sumple inexpenstve and relable enzyme linked
immunosorbent assay (ELISA) for the routme
detection of rubella IgM antibodies 15 described
here This assay and an ELISA for quantification of
rubella IgG antibodies recently published by Veytorp
{22) wete employed 1n a study of rubella IgG and
1gM antibodies m a total of 214 seral serom
specimens obtained from 16 patients with rubella
during a period of up to 10 years after the infection

MATERIALS AND METHODS
Serum Specimens
From 16 patients (12 females and 4 males) with
tubetla mlsctions 2 total of 214 sera were drawn 0:2:1:
penod of from 4 days before 1o 3 684 days after the rash



The chimical diagnosis of rubella was confirmed by a
more than fourfold nse i HI utre of parred sera (15
patients) or by demonstration of rubella IgM antibodies
by the HI test after rate zonal ultracentnfugation (1
patient) In addition, sera from 212 blood donors were
tested for rubella IgM antibodses by ELISA Al sera
were tested 1n duplicate Positive and negative reference
sera were included 1n each experiment

ELISA Procedures

Rubella 1gG anubodies were determyned as described
previously (22) The ELISA for determination of rubella
IgM dies was a of this pi
Briefly. microntre plates (Cooke M129, Dy natech) were
used as solid phase for rubella virus and control antigen
The protemn content of the undituted virus and control
antigens determined by spectrophotometry at 280 nm
was approumately 100 mg/) After incubatton with
diluted serum the plates were washed in an automatic
plate washer (Dynatech® AM 71) The specific tmmu
noglobulins were detected by the addition of a commer-
¢l alkaline phosphatase comugated anti-IgG (y-chan
specific) and — Ighi {p chain specific. ORION diagnos-
uca) After addition of p nitrophenyl phosphate and an
ncubation time of 35 min the reacuon was iterrupted
and the colour intensity read on a spectrophotometer
with a rapid sampling microcuvette (Gulford Stasar 11}

The results were expressed as an E-value which was
the difference between the absorbances obtaned by
testing the sera with virus and contro} antigen The
absorbance of the posittve reference sera was 1 each
expertment adjusted to the same values in order to reduce
between assay varations

Rate Zonal Ultraccntrifuganion

The serum immunoglobulins were separated by rate
zonal 1fugation as described pi 1y (24)
The IgG and IgM contents of the serum fracuons were
measured by single radial immunodiffuston (11} with
plates containing anu IgG ty chain spectfic)and antr Ight
(p chain spectfic) respectively

IgM Rheumatord Factor

The IgM rheumatoid factor was quantfied by the
method described by Festorp ef al (23} An Evalve
exceeding the 95th percentile in a previous study of sera
from 400 blood donors was regarded as indicative of the
presence of rheumatoid factor

Statisnical Methods
The results of the study of rubella Igh! anubodies
era from mate and female blood donors were compared

by the Students t test

RESULTS

Determnation of the Optmal Conditions of the
Rubella fght Anttbody Assa

The highest ratio between Ul
posttive and negative sera was foundby a

he E-values of IgM
dilution of
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Fig [ Anacute phase serum from a patient with rubella
tested by ELISA for rubella IgM and IgG antbodies
after separation by rate zonal ultracentrafugation

the virus and control antigens of 1/20, a serum
dilution of 1/200, and by incubation on a water
bath at 37° C for 2 h for the diluted serum samples
and for 3h for the diluted conjugate The non-
specific binding of the antt IgM comyugate was
reduced further by use of 10% (v/v) normal swin¢
serum (DAKO- Ltd ) n phosph

buffered saline-tween for difution of the conjugate

Immunoglobulin Class Specificity

The mmunoglobulin class specificity
« was tested by studying
separated by rate zonal ultracentrifuganon of a1
acute phase serum (Fig 1) Postuive values of the
1gG and IgM assays were restricted to the fracuons
which contamed IgG and IgM antibodtes, respéecti

vely

of the
lobulu
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Fig 2 Sera from 200 blood dorors tested by ELISA for
rubelta {gM antibodies
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Fig 3 Rubela 1g\] anubodhes determined by ELISA 1 214 serual serura samples from 16 patents with rubella

IgMf Rheumatord Factor Determination

RF was not detected 1n the sera from the 16
patients with rubella whereas 12 of the 212 donor
sera contained significant amounts of RF

Rubella 1gM Anuibody Determinations

The results obtuned by testng sera from 200
blood donors (100 males and 100 females) without
RF can be seen in Fig 2 There was no significant
difference between the E values of the sera from
male and female donors (p > 0 20) A cut-off level
‘oetw een rubella 1pM negative and positive sera was
set at the anthmetic mean plus three standard
devations corresponding to an E vatue of 0039
The E value of one of the donor sera exceeded that
level The actvity m ELISA after rate zonal
liracentnfuganon of ths serum was Jocated to the
IgM fractions Also the E values of § of the 12
donor sera with RF exceeded 0 039

The 1gM anubody response 1n 16 patients with
Tubellas shownin Fig 3 Ig\M antibodies mere not
detected 1n the samples drawn on the day of the
rash or 1n a sample collected 4 days prior to the
rash whereas § of 8 samples taken 1-2 days after
onset of the rash contamed rubeMa Ig\f The
maumum E values which were observed about 8
days after appearance of the rash showed large
ndividual difT These decl
10 2 half ife of the 1\ anubody concentration
varying between 4-25 days (mean 10 days) with

1 2 profonged Ig\M

response Rubella 1gM was detected 1n 2 serum
sample drawn from this patient 196 days after
appearance of the rash but not in a subsequent
sample drawn after 576 days (Fig 4} As regards
the other patients the persistence of rubella Igh{
antibodies ranged from 17-90 days and the Tght
anubodies disappeared from the sera of half the
pateents about S0 days after the rash The E values
of all sera drawn more than 196 days after the rash
did not exceed 0 016

47 artes pdsn

gg 4 Rubella 1gM and 1¢G antibodies determined by
LISA 1 seral serum samples from a panent with 3
Prolonged 1gM antibody response after rubeiia
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Fig S Rubelia 1gG anubodies determined by ELISA in 214 senal serum samples from 16 patients wuth rubella

Rubella IgG Antibody Deternunations

Rubella 1gG anubodies were not detected 1n
samples drawn during the first 3 days after the rash,
whereas all sera collected later contained rubella
IeG (Fig 5) After a slow nise 1n the E-values a
plateau was reached about $6-120 days after onset
of the rash This was followed by a minor decline
during subsequent years A new nise in the E-values
of approximately 20 % was observed i sera from 3
patients [—4 years after the infecuion The IgG
anttbody level of the patient with prolonged IgM
response remained low unt after disappearence of
the IgM anubodies (Fig 4)

DISCUSSION

An ELISA for the detection of IgM class specific
antibodies to rubella virus was introduced recently
by Voller & Bidwell (27) who described the
detection of rubella IgM antibodies with ELISA n

non-specific binding of [gM or conjugate This was
compensated for in the present assay by subtracuon
of the values obtamned by tesung wich the control
anugen from the values obtamned by testng with
virus antigen Also a meticulous assessment of
opumal temperatures, incubation times, and con-
centration of the components of the assay was
necessary 1n order to reduce the non specific

background levels
Another problem connected with this assay 1§
false possittve results caused by the presence of RF.
which 1s an anu-IgG of Igh class RF rmght attach
to rubella IgG bound 1o the virus antigen and be
detected by the ant1 IgM comjugate Such false
positive results have been observed by the study of
rubella IgM anubodies with the RIA (14) and the
immunofluorescence techmque (6, 19) Conse
quently, sera with rubella IgM antibodies detected
by ELISA should be tested for RF, which, when
present, might be removed by absorption With
aggregated IgG (19) or with IgG bound to an
bent (10) Acuvation of RF s, however.

sera from one of two persons d agamst
robella A simlar assay has been used for the
deter 10n of IgM bodies agamnst cytomega-
lovirs (1, 3, 18) and agast bactertal antigens (9,
213\ major problem of the IgM antubody assay 1s
the high background level of E-values caused by

158

not common during rubella infections (14) This
was confirmed 1n the present study by the absence
of sigmificant amounts of RF in all sera from the 16
patients with rubelfa

The nfluence of IgM RF and rubella IgG on the
false positive rubella IgM result will need further



clanification Thus applies also to 2 possible mutuat
interaction of rubelia 1gGr and g™ amoboties i the
aMi:lsmdy of sera from 200 donors was used for
the estabbishment of a cut-off level for the E values
of rubella IgM negative and positive sera (Fig 1)
Generally low E values were found The E vaiue of
ane of the donor sera was 1n the lower part of the
range of IgM postive sera. The acuvity of this
serum 1n ELISA was located 1o the 1gM fractions
which rught be explamnad by non specific binding
ar more probably by a récent rubella infection The
relevance of the chosen gt for the E value
between rubeifa [gh posiuve and negative sera viz
0039 was jlustrated by the observauon of
- LTI o e mt

.
1
antbodies mlm agreement with earber findings “
315 16 26) A projonzed Ipb antbody respotse
after rubella has previously been observed in swudies
of the rubella IgM antibodies with the ymmurofluo-
rescence techmque (7) the haemaggluenation
imhibition test (20) and wrh a RIA {12) Thus
Meurman {12} observed a profonged persistence mn 2
out of 49 cases of acute rubella. A prolonged rubella
1gM anubody responsé has been reported after
fubella complicated by thrombocytopenic purpura
carpal tunne} syndrome and arthnus (7 12 17) but
mfrequently after uscomphicated mfections {12
The nise of the E values by the rubsl!

Mrs Rita Lokmann Mrs Anneie Nielsen asd My
Karen Hansen 1s gratefully acknowledged
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SEROEPIDEMIOLOGY OF HINI INFLUENZA:
STRIKING DIFFERENCES IN THE ATTACK RATE
AMONG YOUNG PEOPLE
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The HINI mflucnza outbreak m winter 1977-78 covered the whole of Finland m a uniform fashion
whereas striking differences emerged between various population segments m the susceptible age group
The attach rate was 68 pet cent among young servicemen who had been 1n the armed forces during the
epdemic and 33 per cent among those who had entered the service after the epidemic but only 6 per
cenl among preenant women of the same 2ge Based on roulme specsmens sent 1o the laboratory for
reasons unrelated 10 influsnza the atlack rate was 4 per cent among children born m 1973-76 and
increased by age up fo 45 per cent among subjects born 1 1957-6" The findings on pregnant women

and small children suggest a novel mechanism of innate fesistance operaung specifically agamst HINT

wfluenza

hev words Influenza & (HIND) seroepidemiology  pregnancy

R Pyhala Central Public Health Laboratory SF 00280 Helsnkt 28 Fintand
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Serological surveys providing on

1947~57 People born after 1956 as a rule lacked
the h;

the occurrence of antibodies agasnst influenza are of
ralue in assessing the size of epidemics and
predicting new fuenza outbreaks The Finmish
mfuenza programme wncludes the yearly evaluation
of pre-epidentic antibody lexels 1n serum samples of
people in different age groups (6 8) and the Iesting
of <era) blood specimens from Rh negative preg
nant women (7} In addion influenza myestiga
uons have been carried out n the Finnish Defence
Forces 1 a umiform fashion stnce 1972(9)

In winter 1977-78 2 wnew« subtype of influenza
A virus HINY appeared and spread to most
countries n the world (2) Children over § years of
ag¢ and young adults were mainly tnfected (12)
formerly when new nfluenza A subtypes had
cmerged the preceding antigenic subtype rapidly
disappeared but now the H3N2 variants continued
to arrculate 1n the commumty The wnew ¢ virus
clorely resembled the 17171 mfluenza viruses of

whibung (HI) anubodses
aganst the epidemuc virus before the outbreak (6)
thetr presence in postepidemic specimens was there
fore indicatve of nfection Ths offered addional
scope for the assessment of infection rate

The HINI outbreak reached greater dimensions
in Finland than 1n most other western countnies
W e obsened that the epidemic swept the country in
a umiform way whereas sinking differences were
noted 1n the attack rate among various segments of
young people some of them quite unexpected

These findings are reported 1n the present commum-
cation

MATERIALS AND METHODS
Based on cases confirmed vtrolo;
Public  Health Laboratory
fluenza commenced dunng

gically at the Cemrat
the outbreak by Hing
the first weeks of January

161



1978 and termmated 1n the beginnmng of March The
outbreak by the H3N2 virus had its onset a few weeks
Tater and 80 per cent of the positive findings had been
made before the 16th of March
Postepidemic blood samples were collected 1n May
June 1978 at three military trammng centres from two
groups of servicemen born 1n 195761
a} from those who had been in service during the HIN|
epidemic and
b} from those who had entered the service after its
termination
Serial blood spectmens from Rh negative pregnant
women sent to the laboratory were stored and used for

RESULTS

The occurrence of postepidemic HI anubodies was
studied mn servicemen at three nulitary traming
centres (Table 1)
Antbodies agamst the HINT virus were detected
m 65-76 per cent of those who had been 1 senice
during the HIN1 eprdemic and 1n 31-35 per centof
those who had entered the sersice later on For the
sake of comparnison the sera were also tested 2zaimst
one {A/Fin/23/75) of the two closely related
epidemic strams of the H3N2 subtype No corre
ding difference was observed n fact antibo-

The p

were collected within the period from 16th September to
31st December 1977 and the postepidemic specimens
from 16th March to 30th June 1978 A great majonity of
the subjects were at the second tnimester of pregnancy
during the influenza outbreak

Routine specimens sent to the laboratory for reasons
unrefated to mfluenza were collected within the same
period as the second specimens from pregnant women
The specimens were obtaiped from general hospitals in
different parts of the country This collection of sera was
stored at 4°C and the others at =20°C The principles
presented by Robinson & Dowdle (10) were followed 1n
HI tests {7) performed in June September 1978 The

tested | ly d r

ves from all four collections and the paired specimens
from the same subjeuts were always tested simultanco
usly The sera were pretreated with cholera filtrate
(Philips Duphar B V Holland) to remove non specific
mhibitors  Infected allantoic flurds from embryonated
eggs diluted to contam 4 HA umits of virus were used as
antigens The virus strains were as follows nfluenza A/
Finland/30/77 (HINI) A/Finland/23/75 (H3N2) and
A/Finland/61/78 (H3N2)

TABLE | Postepidenuc Annbodies to HINI and HIN? Subnpe Viruscs in Scrveconen front Three Teaming Cer

dies oocurred shghtly more frequently among those
wha had entered the service after the epidemic.

The servicemen w ho had entered the service after
the epsdemic were from 9 of Finland s [ provinces
No appreciable differences in the occurrence of
antbodies agamst the HINI virus were noted
between the 9 provinces ndicating that the
epidemic had swept 1n a umform fashion over at
feast most parts of the country

We have used sertal blood specimens from Rh
negative pregnant women for influenza myestisa
tions stnce 1971 The rate of infection during the it
previous epidemics caused by HIN2 vanants of
infleenza virus had varied from 27 per eent n
1971-72} to 14 per cent in 1976-77)

In winter 1977-78 the attack rate by the HiN?
virus was 8 per cent (Table 2) The corresponding
rate by the HINI virus was 6 per cent among
women born in 1956 or after and less than | per
cent among those born before 1956

All the pregnant women bornt 1n 1956 or after

e

Alilitary traiming

Seropositived) subjects those
who had entered the service

before after
the outbreak the outbreak

cenires
A 51775 767 537150 359
Anubadies (0 B 104/161 651 497152 328
A/Fmf30/77 (HIND c 1037150 694 $1/150 319
18/ 75 241 567150 374
Antibodues to B 53/161 331 687152 45%
AfFin/23/75 (H3N2) c 4s/150 309 487150 123

Autreof =12



TABLE 2 The Rate of Infectson with HINI and H3N2
Subtpe Viruses i Pregnan! Women

—

Rate of infection)

Year of birth
HINT HIN2Y
-
1935-55 4/565 07%  46/565 8%
1956-60 5/8 6 %) 6/ 86 T%

children born in 1973-76 Their frequency increa
sed up 10 45 per cent among the subjects born
1957-62 with shight excess among males

DISCUSSION

The absence of any pre-eprdemic HI antibody prior
10 the HIN1 outbreak 10 winter 1977-78 in young
people provided a unique opporiunity for the

1) A > 4 fold increase 1n antibody ttre

b Twovirus strans A/Fanland/73/75 (an A/V ictonia
tike stram) and A/Finland/61/78 {an A/Texas hke
stran) were used

) The rate of infection remained the same when a litye
of 3 12 n the postepideruc serum was used as a
ererion

lacked the pre-eprderic HI antibody agaimst the
HINL yyrus Tins goves support to previous findings
16) and indicates that the attack rate among young
people can be assessed on the basis of 2 single
specimen taken after the epidemic The four older
subjects with serologically venfied infection also
Tacked the pre-gpidemic HI antibody

The 6 per cent attack rate by the HINI virus
observed among pregnant women was low compa
red wuh the observations on young healthy males
{Table 1) and als0 n contrast with the diagnosuc
findings (virus solations and sigmficant rses 1n
antibody titre) from specimens sent to the labora
tory from patients with respiratory nfections In
young age groups (patients born 1 1956 or later
Specimens from mulitary unuts excluded) 31 out of
the 35 posiuve findines were indicanve of HINY
tafection and only 4 findings of H3\2 infection

The occurrence of HI anubodies against the
HIND subtype virus was also mveshgated 1n
Posiepidemic specimens sent to the laboratory for
Teasans unrelated (o influenza (Yable 3) Only rarely
were antibodies detected (in 4 per cent) among small

of the attack rate using stngle serum
specimens taken after the outbreak In order to
obtatn some Information on the occurrence of
nfection as refated to the degree of exposure we
compared tw o groups of servicemen those who had
been 1n service during the epidemic and those who
had entered the service afier it The attack rate
proved 10 be twice as hugh 1a the former group

We were also terested 1n extending our
previous obsennations {7) on the relationship be
twesn resistance against influenza and the pre
epidemic level of serum HI anubody to cover 2 new
subtype of influenza virus To our surpnse the
infection rate by the HINI virus was quite low
among pregnant women at most one fifth of the
rate expected on the basis of the fecton rate
among other people in the same age and on the
fgures concerning the H3\2 nfecton Tre infec
tion rate was also low in children under 5 years of
age and increased gradually by age up 10 a ten fold
rate amone Young adulis This same finding
concerming the age relationshsp was obviously made
by Zhdanoy and co workcrs {12) although they
mention 1t only briefly without giving any details
Corresponding  observations were not made 1n
connection with the HIN2 epidemics

It 1s tempting 15 hnk together the findmmes on
pregnant women and on small children 1 spite of
the difficulty of presenting a meaningful hypothesss
to explain them [t may be worth recalling that host
factors such s age and sex are mportant determ
nants 1n many diseases known or suspected to be

TABLE ¥ P supdomc Anubod ox t HINT Supipe birus i B od Specincns frem Goneral H wpstals

Ser J
Ve of TOPOsU es) subjecis,
male female 101}
1957-62 6/49 530 2360
b 2 384
Il;:;:::l' 15/31 4l 15145 33y ;g;lg; ;g:
toes-72 10/63 160 6136 173 167 99
= VIR pIATHENP 3t 69 Ig“
5

NAureof = 12
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nfectious m ongin Thus infectious mononuclegsis
as a chinical discase characternsucally affects adole
scents and young adults although the EB vyrys
anttbody surveys clearly indicate that most people
have already been infected before puberty Further
toxoplasmic lymphadenopathy serves as an example
of an nfectious disease with a marked female
predontinance (1}

Some wviral infections appear to be mcreased 10
severity during pregnancy and increased materpal
susceptiblity to primary wnfection or reacuivation of
latent snfection could both occur as a result of
depressed T cell function (5) To our hnowledge no
one has reported any protective effect exerted by
pregnancy agawnst an infection

Murine models have shown that both geneyc
factors (4) and age (3) play a role in the resistance
SEESt fTRuenza &itd T T CRere 1S Some evdkence
of HLA associated genetic resistance operating
against this infection (11) We reported 1n the
present communicauon that small children and
pregnant women are only rarely infected by the
»new« HINT influenza virus although they lack the
pre epidemic HI antibody and any previous exper;
ence with the virus The findings suggest a noyel
mechamsm of host parasite relattonship peculiar o
the HINI virus It remains to be seen if the vitug
will be capable of adapting to the human host 1n
such a way that 1t can overcone the restrictions
mentioned above

We wish to achnowlcdee support from the Signd
Jusclury Foundaton and the Finesh Cultural Foun by
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The wall teichoie acid of Stapind xoceus fviens has been wsolated and characterized The teichosc acid 1y
2 glycerol phosphate polvmer with glycosidically linked N acelyllucosamune Interaction with
concanavalin A and susceptibihity to « but not o @ N acetylglucosaminidase showed that the sugar i
n the a-configuration

hey words Staphfococens fnscs techoic acd ymmunochemisiry
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10 1950 Sompolinshy described a Gram positive
coccus 1solated from evudatve epidermitis 1n pigs
which he mamed Micrococcs Inicus (21) K was
later realised that this bacterium was not a member
ofthe genus Hicrococcus and the name Staph lococ
aus icus came into general use In velerinary
publications Strans ssolated from the skin and the

1S stparation mto o subspecies ¢ Mcus and
cliromogenes 15 proposed (7)
Agar py for the 3

tion of the wall techoic acids revealed that all
Strains of § Mnicus ss yicus and ss chrontogenes
produced a precipitation line not previously 1deny

fied The substance responsible for this hine was
provisionally designated poly A1 (6 7) The present
Teport deseribes the isolation of the teichore acid of

S iucus as well as its chemical and serological
characterzation

MATERIALS AND METHODS
Siraim
S Incus 53 Jnscus \ \ 308 was supplied by Dr £ 4
Dorese (Gent Betgium) The wrain had been olateg
M epdermies leons 1 2 pig The bactersa were

grown 1 nuinent broth conwising of 15g protease
peptone 2 5g hver digest 5 yeast extract {all from
Ovxoid Encland) and Sg “aCl per lnre medmm
Bactersa were grown for 6h i 200 m! Erlenmeser
boules contaimine 100 ml medium These cultures were
then transferred 10 2 | Erlenmeyer boutles contatming 14
medium and the bactern were grown for 13 h
Culuvaton was performed at 37° C 1n a rotary shaker a
125 rev/muin The cells were harvested by centnfuation
2010000 x g for 30 min

Standard Terch nc Aesds (Poh saccharides)

Poly AB(3 \ acety lglucosaminy | ribitol terchoic acid)
from Stapinixoccus aurcns W ood 46 poly Br (o
Blucosyl ghyeerol texchore acd) from Srapin fococens
emdermidis 1253 and poly C (2 \ acety tucoamuny 1
glycerol texchotc acid} from Stapin  xnceurs sapraph rcaey
3519 were as earlier described (19)

Is stanon of Pah saccharde
The polysacchande of § hyrces
poly A1 was éuracied from whole bac,
phosphate buffer pH 65 a1 37° ©
precipitation was carried out as d
The polysaccharide was then pu

ceflutose ent ma o

teniatively called
teria with 70 m\{
Acd and ethanol
escrbed earher (12)
nfied on 2 DEAE
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refracive index using a Laboratory Data Control
reflractometer

Poly Al was also 1<olated by the extraction of a cell
wall preparaton (%) using (0 per cent TCA ai 4° C
overnight This polysaccharnide was used for the determi-
nation of possible ester linked D alamine

Aad Hidroh sts

Samples (2-5 mg) of polysaccharide were hydrolysed
with 05 ml 3N HCI for 3 h at 100° C or 6N HCI for
20 hat 105° C in sealed tbes Mlushed with mtrogen The
HC) was removed by evaporanion o dryness wm 1acue
and the residues were washed with water afier which
chromatographic analysis was performed

Qualitamne and Quannsaine Anal ses

Cirwular and descending paper chromatography was
carnied out on W hatman No | paper with the following
solvent systems

A Buianol Acetrcacid H-O(4 1 1 v/v)

B Propanol NH:H:0(6 3 T v/v)

C Ethylacetate pyridine H-0(40 1 6 v/v)

The detecting reagents were ninhydnin (amino acids
and amino sugars) alkaline silver mtrate (sugar alcohols
reducing sugars and anmuno sugars) (17} sodum
pertodate benzidine {sugar alcohols) (4) and perchlorte
acid ammontum molybdate-H»S (phosphate esters) (10)
Preparative paper chromatoeraphy was carnied out on
W hatman 3 MM paper The determinition of carbohy-
drates and sugar alcohols as acetylated derivatives of the
corresponding alditols was carried out using a Hew lett-
Packard gas chromatograph with glass columns {0 2 x
200 cm) pached with 3 per cent poly A 103 coated on
Supelcon AW DMCS 1007120 mesh {(Supelco Inc
Usa)

The quanttatine determinauon of anuno acids as
nifluoro acetvlated butyl esters (20} was performed by
gas iquid chromatography using a Model 900 Perhin
Flmer with glass columns (0175 x 185 cm) pached
witn LY UK dtudviene gibcolauipaier’ coaea’ o
Chromosorb W\ AW HT80/100 mcsh (Supeleo Inc )

Hevosamines were determened guanutauvely by a
modified Elsan Morgan method (13) and phosphorus as
described 1n (22} The presence of ester hnked D alnmne
was examined by paper chromatographv of 4 IN
NHOH hydrahysate of the TCA exwracted polysaccha

nde

Enzvmanc Treatment

N acetylg s A crude
eazyme contamning both a and B N acetylglucosamint
dase actvity was obtamed from the hmpn Patclle
sufgare by homogenization and acid preciptiation as
described 1n (3) The assay mixture contained 100 m\
<odium citrate buffer pH 40 2 m\ O nurophenyl N
acetylgtucosamunid (e or B) (hoch Light Ltd  Fngland)
and varying amounts of the enzyme the total reactton
e was | ml The reaction was carned out for from

79 C The reacuon was termimated by
berated

ation of an

volum S
10 to 36 ymn at
adding 2 ml of 025 M sodwm carbonate The Iy

O mirophenol was measured specirophotometrically at

7?3

400 nm One umit of N acetylglucosaminidase activey 4,
defined as the number of pmoles of O nitrophegq)
released per ml per mun The relatne amounts of and
B-acuvity of the enzyme preparation was found to be 1o
5. respectively

Polysaccharides {0 | mg/ml) were treated wah 1,
enzyme (001 a units/mb) in 100 mM sodwm ciyy,
buffer pH 40 at 37° C for 40 h After treatment y,
reaction muxture was neutralized and then douyye
dilfusion was performed

B N acety Iglucosamintdase was obtained from Bayy
ringer {West Germany) The actrsity was measured apg
polysaccharides were treated as described for the \
acetylglucosiminidase from P 1ufgata except that tog
mM sodtum citrate buffer pH 4 4 was used Digeston of
polysacchandes was performed vsing 003 B umts/my

Phosphatase Test samples were treated with alkahye
phosphatase (Type 1T Sigma  USA) 10 mM amm,
mium ¢arbonate bulfer pH 9 3 for 12 hat 37° C{2} Ty,
enzyme was precipitated by using cthanol and remosed
by centrifugauon The supernatant was evaporated o
dryness and exammed by chromatography

Serological Mcthods

fmntune sera were raised against formihn kit
bactena by intravenous myections {18) mto New Zualing
white rabbits of the Dcpartments breed  Dovby
diffusion 1n agar was performed as described pres iousl,
{11) Reacuon of polysaccharide with concandaln y
(Con A) (Sigma) was carried oul 10 | per cent agar th
concentrations of Con \ and polysacchinde bung g
me/ml and 2 mg/ml respectivelv Immunoelectrophe
resis was performed as described earlrer (14)

RESULTS

Punfication of Pohsaccharide

Polysaccharide Al was obtaned by four extra¢
tons of 100g cells (wet weight lollowea’ dy
punification on DEAE-cellulose and Sephadey
G-100 The yield was 200 mg polysacchande Poly
Al was eluted from the DEAE-celtulose column 3t
2 molanity of KCI between 0 27 and 0 36 M The
ha was 03 when poly Al was eluted from
Sephadex G-100 Desalted and lyophilized polysace
haride dissolved 1n distilled water at a concentra
ton of | mg/m! had an OD at 280 nm and 260 nm
of 0 025 and 0 04 respectively thus indicating hitle
protein and nuclet acid contamination

Chenucal Analysts

Chromatographic analysis of 3N HC1 hydrolysa-
tes 1n solvent system C and B showed Lhe presence
of N acetylglucosamine and glycerol No nibutol
could be detected These findings were confirmed by
gas chromatographic analysis

Circular paper chromatography in the sohent
system B showed the presence of glycerol and



glycerol 1 phosphate as detected by periodate benz
dine spray

Prepasative paper chromatography of hydrolysa
tes was performed and the spot corresponding to
glycerol 1 phosphate {compared t© standard) was
cut off and the sample eluted with water The
sample was then treated with alkaline phosphatase
and subjected 1o paper chromatography Spraying
with periodate benzidine showed the presence of
free glycerol only

Ci of 3NHCl by develo

value obtained may be due to the presence of
unhydrolysed glycero! phosphates

Free alamne was not detected afier meubation of
TCA-extracted poly Ayin IN NH,OH at 100° C for
10 mun

Antigenic Properties

Serum against § ficus VA308 bactena produ
ced one hine agamst punified poly Al which was
idenuical fo the A} hme produced agamst a

ped 1 the sohent system B and sprayed wath the
molybdate reagent showed only two spots one
maor spot cor ding to glycerol 1 p
and a second weak spot with Ry = 0 12 cotrespon
ding to glycerol diphosphate (16) No sugar
phosphate could be detected

Glucosamune was identified by paper chromato
graphy of fydrolysates w solvent systems A and C
detected by the ninhydrin and alkahine silver nitrate
reagents Mo other sugar or aminosugar could be
detected

The amounts of phosphorus and N acetylghuco-
<amine obtained by colonmetric analysis were 4O
per cent and 27 per cent respectively the molar
1215 of N acetylglucosaming to phosphorus thus
being 09210 1

Paper ch:

of 6\ HQ hydrol:
i sohent systes A showed the presence of the
usual pepudoglycan amwmo acids 1 alammne
fhane gluamic acd and bysine Quaniauve
analysis by gas chromatography showed 0 13 0 25
0052 and 0055 pmoles/mg respectively

The amount of free glycerol i 6N HQl
hydrolysates obtained by gas ¢

of the i bacteria The antise

um did not produce any hae agamst poly C
However poly C and poly Al produced Itnes of
partial identity against anuserum 10 S saprophg
cus 3519 the poly C hne spurring over that of poly
Al Also agamnst thus anuserum the poly 3}
preparation produced a weak line dentical to the
poly C me (Fig 1) The electrophoretic mobility of
poly Al and poly C was nearly the same when
tested by 1mmunoclectrophoresis

Double diffusion of purified polysacchanides
agamst Con A showed that both poly Al and the
posttive control poly Ba produced lines w hereas the
nepatine controls poly € and poly Af did not
produce any line

Polysaccharides were treated with 8 \ acetylglu
cosamimidase and subjected to double diffusion
Treated poly Al seemed unaffected and produced
lines against both 3519 antiserum and the homolo
gous V A308 antserum whereas poly C did not
give any hne agamst 3519 anticerum The weak
poly C hine observed m the Al preparation against
3519 antserum also disappeared when treated with
this enzyme  Treatment of the polysaccharides with

aralysis was 9 7 per cent the molar ratto of glycerol
10 phosphorus being 0 77 to 1 Usually this ratio 1s
closer to | for texchoc acidls but the relatwely low

¥
T 1 Double diffasion i agar showing a reautin of
anial wentity between poly € from S sapre piit (s

319 ¢ and pei
PV AL from § fascus ss 6 Al
asamam 19 ernm iy M

the N 1 from P vulgata com
pletely destroyed the serological activity of poly Al
when this was fested aganst the homologous
VA0 anuserum A weah Al hine aganst
antiserum 3519 however was sull observed The

serological acuvity of poly € was alsg destroyed
when treated with this enzyme

DISCUSSION

The physico-chemeal properties of pot

to be very similar (o mog:il‘pol) g?'ylr\'l/”apé’c:;
the binding 10 DEAE-cellulose and the electropha-
reuc mobiity are nearly the <ame Also  the
amounts of phosphorus ghycero) and \ acety lghy

cosanune show that poly Al 5 a techoe agd
su-m[hr topoly C As withpoly C poly At contams
fﬁ“ a:noums .of attached peptidoghean Thic



that poly Al 1s a polyglycero! phosphate teichoic
acd The only sugar detected was N acetylglucosa-
nune, and when corrected for amimno sugar in the
peptidoglycan (0 5 pmoles/mg), the relative molar
of N-acetylgluc to phosphorus 1s
088to ! This and the absence of ester-linked D-
alanine therefore suggest that poly Al, in contrast
to poly C, 1s almost fully substituted with ammo
sugar The degree of sugar subsutution has pre-
viously been found to vary between strams (14)
Con A gave strong precipitation lines with both
poly Al and the positive control poly Ba whereas
no line was observed with the negative controls poly
ABand poly C This indicates that poly A) contamns
N-acetylglucosamune 1n e-configuration (I, 8) In
addition  the observation that a crude extract,
cC a-N-acetylg| d: n contrast
to pure B-N-acetylglucosamimdase destroyed the
antigenic reactivity of poly Al aganst homologous
anuserum supports this The serological activity of
poly C was completely lost after treatment with the
B-N-acetylgtucosammmdase Thus the main diffe-
rence between poly Al and poly C seems to be the
configuration of the amyno sugar Therefore poly
A1l ought to be designated poly Ca The finding that
the poly Ca preparation from S Inrcus VA308 also
contains small amounts of poly CB 1s conssstent
with the observattons concerming other strains of S
Intcus (6) 1t 15 not unusual that staphylococet
contarn teichoic acids of two types la- and B-) {5)
The shared antigentc determmant of poiy Ca and
poly CB seems to be the glycerol phosphate
polymer The N-acety has a diff
configuration wm these teichoic acids and can
therefore be excluded as the common anugenic
determinant Antiserum agamnst poly CB has earlier
been shown to contain antibodies with specificity
aganst the glycerol phosphate and the amount of
these antibodies seems to be dependent on the degree
of sugar subsutution (14} Therefore poly Ca
which 1s almost fully substituted with N acetylglu
cosamine may fail to induce antibodies with
specificity agamst the glycerol phosphate  This
mught explan why anuserum VA 308 does not
cross-react with poly CB and may also explain the
weal line observed between a N acetylglucosamm-
dase treated poly Ca and antrserum 3519
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ULTRASTRUCTURAL STUDIES ON THE SPORULATION
OF OOCYSTS OF TOXOPLASMA GONDII

I Development of the Zygote and Formation of the Sporoblasts

D J P FERGUSON!™ A BIRCH ANDERSEN’ J CHR Sinland W A HUTCRISONS

FAO/WHO Collaboraung Centre for Research and Reference tn Tovoplasmosis! and Department of
Biophusics” Statens Serurunstitut Copenhagen Denmark and Department of Biology? Unnversity of
Stratnclyde Glasgow Scotland

Ferguson D J P Buirch Andersen A Sum J Chr & Huichison W M Ultrastructural studies on
the sporutaton of oocysts of ¢ xoplasma gondit 1 Development of the zygote and formation of the
sporoblasts Acta path microbiol scand Sect B 87 171-i81 1979

The mitial stages of sporulaton in oocysis of Tovoplasmu gendi were examimned m samples sporulated
2127°C for 0 6 12 16 and 24 hours The wtitial zygole was roughly spherical and was imited by a
single unit membrane A few micropores of the nactive type were present on this membrane The
cytoplasm contained 2 large nucleus with a nucleolus a number of polvsaccharsde granules Lipid
globules mytochondria and Golgr bodies together with a few strands of rough endoplasmic retcatum
After the imtiation of sporulauon hitle chanee was noted 1n the cytoplasm except for an increase
protein symhests as evidenced by the angmentauon of the amount of rough endoplasmic revculum and
the 2ppearance of polyrihosomes \uclear division gccurred twice giving fise to four nucler which were
situated close 1o the cell periphery and well separated from ¢ach other At this mutunucleate stage a
second hmiting membrane was formed The cytoplasmic mass then divided to form the wo

blasts This was by an of the himiung n with
snternally formed membranes The two binuclear sporoblasts were roughly spherical They were hmited
By tho unit membranes and contained the same cytoplasmic organelles as described for the zygote
Rey wordy

@ gondu

pla 2ygote devel

sporoblast formation ultrastructure

3 Che Sum Department of Toxoplasmosss Statens Seruminstitut  Amager Boulevard 80 Dk 2300

Copenhagen S Denmark

Recesned 16 x 7% Acoepled 11w 78

Tov plasma gondu 1s 2 cocoidan pagasue of the
cat (18) which belongs to the family Sarcocsstidae
(15) When the oocysts of 7 gondr are shed 1n the
Gat faeces thev are unsporulated byt during
sporulation two sporocysts are formed each of
which contains four sporozoites These disporic
tetrazoic oocysts are thus sumitar to those of the
s fsosrora which belongs to the Tammly
Fumcrudae

Ultrastructural studies on the changes which
_—_——

" Dannh Medical Research Counct Fellow  Present
::d:r;« Depariment of Pathology Unienity of
i

&o\h\::h Medical School Tewot Place Ldinbureh

occur duning the sporulation of the ococysts of
parasites belonging to the families Evmerndac and
Sarcoo stidae have been hampered bv difficulties 1n
preparing the oocysts for electron MICTOSCopy

Recently a technique was developed (1) by which
these problems were overcome but to date onty the
sporulauon of 0ocysts of Emicria bruncin has been
examined in detatt (9 & 10) Fine structural details
of the sporulation of fsaspora hike 00Cysts have not
been teported except for short notes on the
sporulation of T gondi (7T & 11) In the present
papes dewnls of the structural changes observed
duning the initiation of sporulation of the zygote and

the formation of the sporoblasts of T gondn will be

ginen and compared with those Teporied f
or o
members of the Sporozon T omer



MATERIALS AND METHODS

Oocysts of T g ndu were concentrated from the faeces of
Speaific Pathogen Free cats which had been fed mouse
brains contatning tissue cysts of etther the SSI/119 or the
SSI/178 stram of T g mdu

To study sporulation the oacysts were allowed to
sporulate at approximately 27°C for intervals of 0 6 12
16 24 36 and 48 hours before processing for electron
microscopy  The technique used has been described
previously (1) but can be summarised as follows The
00Cysts were preembedded 1n cross linked bovine serum
albumin (BSA) and frozen in hiqud nitrogen prior to
cryostat sectioming The cryostat secuions were directly
mmmersed 1n Karnovsky s fixative reembedded 1n BS \
post fived 1n osmium tetrouide and finally embedded m
erther Vestopal of Spurrs epon Sictions were stamed
with magnesium urany! acetate and lead otrate and
examined with a Philips E \1' 200 electron microscope
The resulty reporied are based on the extmmation of
approumately 600 electron micrographs

RESULTS

Light Microscom

The structure of the cocyst prior to the mtiauon
of sporulation was examined n matertal processed
drrectly from storage at 4°C Progressive develop
mental changes were observed i samples which
had been allowed to sporulate for mcreasing time
ntervals Afier 6 hours the oocysts st contamed 2
single cytoplasmic mass (the zygote) but by 12
hours a number of the oocysts had reached the
sporoblast stage and a few contained developing
sporocysts By 16 and 24 hours the majority of
oocysts contained sporoblasts or developing sporo
cysts The development 1s not synchronised and
oocysts contamning undivided zygotes could sull be
obeerved at 24 hours

In toluidine blue stained sections of the 0 hour
material the zygote appeared spherical The cyto
plasm comtamed a farge centrally located nucteus
which was surrounded by a number of polysaccha
ride granules and a few lpid globules (Fig 1)

After 6 hours sporulation little change could be
seen in the zygote (F1g 2)except that in certain cases
the nucleus appeared elongated (Fig 3}

Dhue to the smalt size of the cocysts of 7 gondn
the changes occurring during the development of
the zygote were difficult to ascertun with the hight
microscope it appeared that nuclear dnviston
occurred giving tise to a number of small aucler but
the exact number could niot be resofved In general
these small nucler were observed close to the
periphery of the zysote (Fie 4

In sectons of 12 and 16 hours sporufated
material 1 was possible to obserse 0ocysts 1 Which
(he zygote was dinding to form the tw o sporoblasts

.

At this stage a central constriction which divided
the cyloplasm 1nto two equal parts was apparént
(Fig 5) The two sporoblasts thus formed were
inally spherical and their cytoplasm contayied
polysaccharide granules and lipid globules The
exact number of nucler present could not be
ascertained (Fig 6)

Electron Microscom

In median sections through unsporulated oocy5ts
(0 hour material) the cytoplasmic mass was seen (€
conam & large nucleus with amorphous nucko-
plasm and a distinct nucleolus The cytoplasm als®
contamed a number of polysacchande granvles 2
few nipid globules a few Golgi bodes and a numisT
of large mitochondria whch 1n certam cases wer®
situated close to and surrounding the nucleus (Fig*
7 & 10} A few strands of rough endoplasmi¢
reticulum were also present (Fig 7) The zygote wiS
limuted by a umit membrane which possessed a fe*
1nactive mycropores (Figs 8 & 9) The outlne of k¢
zygote was irregular with a number of small
mvaginations and evammnations of the hminn®
membrane (Fig 7)

The developmental changes in the zygote wef®
exammed as the oocysts underwent sporulatior
The overall shape of the ¢y toplasttic mass reman
unchanged (Fig 1} although vacuoles wheh
seemed 1o be budding off ar the periphery wer®
observed i a few orgamisms (Fig 12) The it
changes n the cytoplasm were nummal but ther®
did appear to be an increase in the amount of rough
endoplasmyc reticulum (Fig 11) and in the numbe!
of mibosomes together with the appearance “r
polyribosomes In addition a few accumulauons o
dense material were observed within the Gsierna o
the rough endoplasmie reticulom (Frgs 11 & 13
At this stage certain of the Itpid globuies were vert
large reaching 17 pm m diameter  \s the 230t
developed the nucleus was displaced o the pent
phery of the orgamism and became elongated (Fig
14) "At this stage the nucleus appeared 1o updergo
division  During diviston 1 nuclear pole wub
associated centrioles was present at either end of the
nucleus (Fig 14} Each centriole consisted of ame
microtubules arranced 1n a circle around a central
twbule (Fig 16) The nuclear pole consisted of 3
densc matrx within which 1t was difficult 1o
idenuify the radiating microtubules (Fie 15} The
wo nuclet formed by the ! division appeared t0
undergo further disision so that a towl of four
nucler were present The nucler thus formed were
much smaller m average 2 pm X 13 pm i
comparison to the onigmal nucleus in the zygote
which was approumately 34 pm x 2 pm The
four small nucler were situated close to the



Figures 1-6 are light microgTaphs of 1pm thick tolusdime blve stamned sectioms and figures 7-24 are eleciron

aucrographs of thin secuons lusvating the d
oocysts of F gond ¢

evelopment of the zygote and formation of the sporcblasis %ihin

3 double bar ( ~ ) on a figure represents | ym and a single bar =) 100 nat

The followes. abbreviations are wed throughowt CE ~ centriole ER

Golgrbody L
W

LM umi membrage v vacuale

Tpid globule LM~ hmiong membrane A = miochondrion \MP
nuclear membrane NP - nuclear pole NU = nucleolus OW

rough endoplasmic reuculum G -
micropore N nucleus

oocystwall PG polysanchande eranule

Feg I A <ection through an unsparulated oocvst (0 hour) The centrally focated nucleus 15 surrounded by a number of
poly<acchande granules and §pid globules In the black and white prms 2 o ifficult to differentiate (he
Polysaccharide granules from hiprd globules but they could be eauily identified when examined directly With 1he heht
microscope v 7 500

Fig > A section through an cocyst alter & Houss sporutation The structure s simdlar to that o Fig 1 except for the

periphecal locauon of the nucleus < 7 500

Fie ¥ In s secuon the nucleus has an eloneated appearance

<2500

Fig 4 & secon through a sporwilating oacyst 1n which the Zvgote povievses tha tucles arrons) x 2 500

Frg 5 [n (s secuon the cvioplasmic mass has started 10 diside 1o Fent the sporoblasts farrows) X 2 500
Fig &\ secyon showmng the two spherical sporoblasts x 7 560

Tenphery of the organism and well separated from
eachother (Tig 17} Fach pucletss fetained a hoclear
yole and associated centroles which was always
locted on the side of the nucieus towards the
penphery of the orpanism (Fis 17 & {181 Duning

he anietues
*arance of

the cytopl

remained and
the cytoplasmic mass was stll Limited by 2 smgle
unw membrare At the rulunudieate stage a second
lumwinz membrane started to develop (Figs 17 &
{8} Ths membrane was mitially incomplete but
finafly formed a secood wmt membrane wnch

1732
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) The cytoplasm contains a nudleus a number of
Fg 7 A secton through an unsporulated oocyst (O hour!

pagiysaachande grantles Lip d globules Golgi bodies mutochondra and a few sirands of rough endoplasmic
fetculum A nucleolus can be present atthough not shown in this seswon % 15 060

3 8 Anentargement of part of the periphery of a zygote showing the hmiung un L membrane imagmating 1o form
2 miropore Note the collar of dense matersal argund the wavagination (arrow)  x 90 000

Fe 9 A\ cross section through a micropore of a zygote m which the arcular invagimation of Lhe hmiting membrane
2nd the collar of dense materal {arrows) can be seen > 30 000

Fe 10 An enlargemens of part of the periphery of the nucleus scen 1 Fig 7 Note the nuclear membranes and
adjacent mitochondrion ¥ 90 000

Fig 11 A secuon through an cocyst after 6 hours sporulation In addition to the organeties present at the earlier
stage the cytoplasm comamns accumulations of dense malenial with n some cisterna of the rough endoplasmic

ceucwium {arrows) % 15 000
Fig 1 1o ths section of the persphery of a zygote a number of vacuoles appear to be budding off X 30 000

Fz 13 A hgher magmficauon of part of Fig 11 showng the accumulation of dense matereal farrow) within the
arsterna of the rough endoplasmc renicalum X 30 000

Fe 14 A cecion through an orgamssm with a dividing suckews Note the nuckear pole farrows) with associated
centrioles at exther end of the elongated nuclens % 30 000

Fz 15 Anentargement of one of the nuctcar poles seen in Fig 14 The nuctear pale hias a dense mawss % nhon Which
s d fficult ta dentily radiating microtubules  x 90 000

F2 18\ dewad from a zygote showng a cross cut centriole W hich consists of mne mirolubules farrowsharcanged 1
®aicle found a central microtubule  x 90 000

Fg 17 A secuon th h 1

A e through 2 mulu nucleate organism  The nucler are situated close to the peniphery of the 2ygote

1717



Fig 18 A detul of part of Fig 17 \ nuclear pole with associnted centriole 1s observed clore to the km it
membrane Nole that a second unil membrane 1s enclosing part of the zygote % 90 000

Fig 19\ section through an oocyst in which the zygote his staried to divide (arcow) 10 form the 1wo sporoblas!s
Note the two nucler present in one of the areas bung separated % 15 000

Fi, 0 A detul of the region where the zygote 1 diading The invaginatuion of the imiting membrane and the
presence of unit membranes within the cytoplasm 1« shown  x 90 000

Fis. 21 A section throuzh part of a zygote 1 which division into the sporoblasts ts almost complete Note that ¢
invagiaton of the (wo hmiting membranes 1ppear 1o combine with the mtern1l unu membranes X 90 000

Fi, 7 Anenlargement of part of the peniphcry of 1 sporoblast showing 1w o micropores asseciaied with the wnner &
the two hmuing membranes  x 90 000

Fi, 7% A section through n oocyst showing the (wo newly formed sporoblasts x 15 000

Fig 4 Anenlirgement of partof Fig 23 showing the two limiting membranes of the sporoblast and a nuckuswih
nucleir pole and associiled centrsole close to the pertphery of the orgamism < 30 000

completely enclosed the organism With the forma  the hmiing membranes which ocoatesced il
ton of this second imtting membrane the outhine of  internally formed membranes (Figs 20 & 20) Eah
the zygote became smoother in appearance of the areas of cytoplasm betng separated 1 (S
After this stage was reiched the cytoplasmic manner contuned two nucler in addion to l;‘
mass divided and the two sporoblasts were formed  cytoplasmic organclles that were present In the
The division of the cytoplasmic mass mually — 2zygote (Fig 19) .
appeared as a central constriction (Fig 19) Division The two sporoblasts were roughly sphencalg
apparently was accomphshed by msagiations of  appearance and were Iimited by two unit membr

{ the changes « baerved duning the dovelpment of the zygote and

Tot Fre | A dugrammacal reproeniaion ¢ our) B a sporulatng oocyst € formaton of the

©
formation of the sporoblwsts \ an unsporulated oowyst (0 b
sporoblasts D eirly sporoblasts



nes (Frgs 20 23 & 24) It was observed that
micropares were associated with the mner limiting
membrane (Fig 22} The cytoplasm of each
sporoblast coptained two nuclet plus a number of
polysaccharide granules hpid globules  Golgt bo
ties mitochongnia and some vough endoplasmuc
renculum (Fig 23) A ]

1 and the of
pclyrrnbnst)mes “This 15 stntlar to that reported for
certamn other members of the Sporozoa (4 9 & 28)
The accumulations of dense material wittun the
cisterna of the rough endoplasmic reticulum may be
related to thus icrease w protemn synthesis The

on of the ultrastructural changes observed during
the development of the zygote and the formation of
the sporoblasts 15 given m Text Fig 1

DISCUSSION

Tn the present study two strains of 7 gondu were
ecamined but no differences in the process of
sporulation was observed between the strams As
teported for £ brunetni and £ magna(9 & 22) the
oocysts of T gondu when stored at 4°C did not
sporutate but retained thert viability
The intinal sporulation of T gondy appeared to
be tore rapid than that observed for £ prunctec{9)
At 12 hours at 27°C a number of the T gondit
oocysts had reached the sporoblast stage Thus to
observe the miial changes 1n the Zygole an
additional sample was processed after 6 hours
sporulation
The structore and organelle complement of the
23g0te 15 simwslar to that reported for the developing
oucysts of T gondu observed prior to their refease
from the host eputhelsal colls {14} The zygote of T
g ndn does mot exhibit any congregation of the
polysaccharide granules as reporied for £ brunetny
9) The 7 gond 1 zygote howerer possesses lipid
globufes winch are absent n £ brunctir (9) The
Zygale of T goadnr 15 Gimated by a single ungt
membrane This 1s simular to that reported for £
fencffzAS)and £ necatrix (6) and the observation of
tactive micropores present on the limiing mem
brane is symular to that ohserved for £ brumcie (8 &
% A number of large mitochondria are present in
the early 7 gondu 7ygote Thus observauion has not
been reported for other species. of Sporozon The
tio of puiochondrial to cyloplasmic volume is
large i T gmdie For this at least 1wo possible
etplanalions can be suggesied a) The early zygole
has a3 tugh energy requirement Thys seems very
unlihely ssnce the 00Cysts stored at 4°C should be
metabalically inactne b) The mrtochondna them
“elves are, mmactive and for that reason have become
swallen This second possibility appears more likelv
since the mitochondria obsersed 1n the later stages
of xporulation appear fess swollen fof Figs 7 & 175
After the imitation of sporulation there was an
apparent IMTeRe In the pratew
evidunced by augmentation or“ the ar:o:;‘:::?:)u:;

development of the zygote was not accompanied by
the ap of dense bodies { of the
refracule bodies) as mn £ brunettr {9) mor the
crystaloid bodies as 1 certain other members of the
Sporozoa (21 24 & 29) This 15 propably related 1o
the fact that the sporozoutes of T gondst (13 & 23)
tack both the tefiactle bodws and the crysalowd
bodies which are present 1n the sporozoites of these
other species.

The appearance of vacuoles budding off from the
surface of the zygote 15 simlar 10 that reported for
E brunettt (9) and Lencocyto~oorn dubrewds 129 and
as proposed 1n these studies 1t 1s possible that the
vacuoles funcuon as a form of waste disposal

The 1mtial zygote possesses a large nucleus
prohably representing the diplowd state  which
divides twice giving nise to four smaller haplod
nuclet This 15 similar to that reported for £
brunctti (9) The first division involving the large
elongated nucleus probably represents the reduction
division but no disunct wirastructural differences
were noted This would be tn agreement with the
results obtaned by microdensitometry of the DNA
content during nuclear division n the oocysts of £
zenella (3) Cenirioles and intra nuclear poles were

v a v uuual
membranes appeared to reman imtact during

nucleat division This differs from that reporied 1n a
hight mucroscope study of £ tenefia (3) Tn addition
we observed no evidente for the presemce of
muttiple nuclear spindles as has been reported in the
nuclens of oocysts of Flasmodint pergher (4) and
schizonts of Sarcocrstis cru 1 & 8 suhionums (19 &
17 Prior to the drasion of the 2ygote of 7 gondit
mio the sporoblasts four nucler were already
formed This sequence of events 15 sumilar 1o that
reported for £ bruncin (9) and £ deblicchs (27}

A second Iimnng unt membrane was formed
around the multi nucleate Zygole prior to us
drvi510n 1nto the sporoblasts Such an extra hmiting
membrane has not been reported for developing
zygates of any other species of Sporozoa examined
1o date but the significance of

f the mem
formation 1s unclear brene

The duasion of the 2Vgote tnio two sporablasts
appears to be associated with an invagmauon of
irxmmng membranes i combination with internally
formed membranes It thys differs from the Straight



Fig 18 A detul of part of Fig 17\ nuclear pole with assourated centriol 1s observed close fo the hmtn
membrane Note that a second unit membranc 1s enclosiag part of the zygote X 90 000

Fit 19\ sectuon through n oocyst 1n which the 2vgote has started to divide (trrow ) 1o form the twa spor basss
Note the two nucles present 1 one of the areas being separited X 15 000

Fig 20\ demnl of the region where the zygote s dividine The mvacimation of the limiting membrane and the
presence of unit membranes within the ¢y toplism i shown % 90 000

Fie 21 A section throush part of @ zygote 1 which div1son into the sporoblasts 1s almost complcte N Yt that the
myvaginaton of the two lmitg membranes ppear to combine with the internal upit membrines % 90 000

Fi, 77 \nenhrgement of part of the periphery of 1 sporoblst show g (wo micropores avsoctated with the mner of
the two imiting membranes > 90 000

Fi, 2% 3 section throush 1n cocyst showing the two newly fornid sporoblasts x 15000

Fi. 24 \nenlarsementof partof Fiv 23 showing the o hmitins. membranes of the sporoblast and a no ks % ith
nuclear pole and assouated centriole clos to the pertphery of (he organrm X 30000

completely enclosed the organtsm W th the forma the Inmiting membranes which coalsced with
tton of this second |imiting membrane the outline of  nternally formed membranes (Fis 20& 21} Eah
the zygote became smoother mn appearance of the arcas of cytoplasm bemg separated ia the
After this stage was reached the cvioplasmuc  manner contaned 1o nucler m addition to the
mass divided and the two sporoblasts were formed  cytoplasnuc organelles that were present i the
The division of the cytoplasmic mass mtally  2zyeote (Fig 19)
appeared as a central constricuon (Fig 19} Division The two sporoblasts were roughly ﬂphenmé n
apparently was accomplished by imvagimations of — appearance and were Itnuted by two umt mem =)

. and

wentanon of she chuages shaarved during the desclopment of the 2ve

Tont Fro 1A dagrmmateal eepre ed oocsyst (0 hour) B 4 sporulatng cowst O formation of the

formanon of the spor sblasty A an wrsporular
sporoblasts [ cirly sporoblasts
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forward vagination of the Itmiting membrane as
observed m £ brunettt and Hepatozoon domerguer
(9 & 28) but resembles more the coalescence of
aligned vesicles as observed in other members of the
Sporozoa (20, 21, 25 & 26)

Each of the sporoblasts formed by the zygote in
T gondit1s sphercal 1n shape This 1s similar to the
sporoblasts of £ brunetts (9) The sporoblasts of
these two species are also stmilar 1n possessing two
hmittng membranes although in the case of £
brunem: the second hmting membrane did not
appear unul the sporoblasts were formed (9)
Micropores were found associated with the moer of
the imiting membranes of sporoblasts of T gondy
This was also the case for sporoblasts of £ brunein
(8,9 & 10) and 1t would appear that the nner
membrane represents the plasmalemma while the
outer membrane Wil be concerned with the
formation of the sporocyst wall (12}

We are indebted to Mr J F Dynaciuc and Miss 4
Railly for the mamtenance of the SPI cals We gratefully
acknowledge Dr J Blom for assitance with the hght
microscopy Mry } Ravarand Mrs J Borg for techneal
assistance  and \Miss A G Ovcrgaard and Mr F
Lattrsen for photographic asststance
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Il Formation of the Sporocyst and Structure of the Sporogyst Wall
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Ferguson D J P Burch Andersen A Sum J Chr & Hutehison W M Ultrastructural studies on
the sporulation of oacysts of Toxoplasma gondie |1 Formauon of the sporocyst and structure of the
sporocyst wall Acta path microbiol scand Sert B 87 183 190 1973

The ultrastructural changes observed during sporocyst formation and the structure of the sporacyst
wall was exammied 1 oocysts which had been allowed 1o sporulate for between 12 and 48 hours at
27°C As the spherical sporoblast developed Imto the Sporocyst the cvioplasmie mass became efhipsoidal
1n shape although no change was noted in the orgzanelle comphiment which consisted of two nucter plus
a number of polysaccharide granules hpid plobules mitochondna Golg bodies and <ome rough
endoplasmic reticulum The sporocyst walf consisted of a thin outer layer (£5-20 nm) which was
formed from o Timiting membranes of the sporoblast and an mner layer (40-50 nm) which was
comprised of four curved plates This mner layer was formed under the outer layer and although no
spearfic cytoplastuc organelle disappeared With ats formation some umit membranes were observed
close to the plasmalemma dusing us formation Fach cueved plate has a marginal swelling and an
interposing strip of material 1> present between the margins of adjacent plates The plates are joined to
the 1nterposing St by a thin band of osmiophulic material In cblique and tangential sectons through
the plates 180 types of cross banding were observed which differed n periodicity

kev words Tocplas na gond 1 oocysts Sporocyst sporocyst wall ulgrastructure

} Chr Sum Depastment of Toxoplasmosis Statens Serumimstuut  Amager Boulevard 80 Dk 2300

Copenhagen § Denmark.
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The sporulated cocysts of Toxoplasma gondu
PORNESS tho sporocysts each of which contan four
Sparozoutes and are thus similar to the genus
Isospora. Due 1o difficultes in prepartng these
#s03p« ra ke cocysts for electron microscopy the
subeellular changes accompanying sporocyst wall
formaton hase not been deseribed although the

partment of Pathology Universuy of

ultrastructure of the sporocyst wall after ether
physical disruption of treatment wnh excysting
enzymes has been reported for Isospora cams and 1
endocallinuct (15 16) In this paper using a recently

developed techmque (1) details w W be given on the
formation of the sporocyst and the ultrastructure of
the fully developed sporocyst wall of T gonds






Figures 1-18 are electron micrographs of sections illustrating the formation of the sporocyst and structure of the

sporocyst wall within the oocysts of T gondn

A double bar (=) on a figure represents | ym and a single bar {-) 100 nm

The following abbreviations are used throughout ER = rough endoplasmic reticutum 1

nner layer of the

sporogvstwall 1S = imterposing stip L = lipid globules LM = fimiung membranes MI = mitochondrion N =

ucess © = outer Jayer of the sporocyst wall P plasmatemma PG = polysacchande granvle UM

membrane

umt

Fig I A secuon through a sphencal sporoblast The cytoplasm contains two nucler and a aumber of polysacchande
granufes lipid globules mutochondnia and a few strands of rough endoplasmic reuculym X 15000

Fig 2 Tnthis section through a sporoblast at a shightly later stage of development than that in Fig 1 the organmism

tas attawed an ellipsordal appearance X 15 000

Fig 3 An enlargement of part of the periphery of the orgamsm in Fig 1 showing the sporoblast to be hmited by th.o

un t membranes % 90 000

Fig 4 Anenlargement of part of the pertphery of the organism n Fig 2 At this stage the orgamism s bumited by three

unmit membranes X 90 000

Fig § Pant of the periphery of an organism which shows the early stage of formauon of the wnier layer of the

sporocyst wall (arrows) x 160 000

Fig 8 A secuon through the periphery of a forming sporocyst At this suge fine striations ¢an be seen n the
developing 1nner layer of the sporacyst wall (arrows) < 90 000

Fig 7 In this section through the peniphery of a forming sporocyst the anlage of the junction between two of the
deseloping plates which form the tnner layer of Lhe sporocyst wall can be secn (arrow) %90 000

Fiz & A secuon showing the 2nlage of the juncuon between two of the deseloping plates of the inner Yaver of the
sporocyst wall (arrow )} Note the unit membranes adjacent to the plasmalemma  x 160 000

Fig 9 Anentargement of part of a fully formed sporacyst wall Note that the (%o membranes of the outer layer have

Tost thess uim membrane appearance ¥ 90 000

MATERIALS AND METHODS

The matersals and methods were as described previously
{8 4 In this study cocysis which had been allowed 1o
sporulate for 12 46 33 36 and 48 hours were
amined The results afe based on the examunauon of
approvimately 600 electron micrographs

RESULTS

sporoblats are formed by dwision of the
2ygote Each sporoblast 1s mually sperical in shape
and hmtted by two unit membranies (Figs 1 3)but
2n additional unst membrane soon appears (Fig 4)
The o outer membranes will eventually become
the outer Layer of the sporocyst wall while the inner
membrane represents the plasmalemma of the
Sylonlasmic mass, At s ‘Stage the sporoblast starts
10 become ellipsordal i shape (Fig 2)

L o

The first evidence of the formauon of the inner
fayer of the sporocyst wall 15 the accumulation of a
thin layer of matenal between the plasmalemma
and the second limiting membrane (Fig $) As this
layer continues to increase in thickness a cross
striated substructure with a periodicity of 3 5 nm
becomes visible (Figs 6 7) As the inner layer
forms swellings can be observed which represent
9“ anlagen of the specialised junctions of the olates

B

“ wueu LUl plus a
number of polysaccharide granules Iipid globutes

mitochondna Golgi bodses and

plasmic retculum (cf Frgs lsc;rg'e l‘{l;gl::el::;_x);
cytoplasmic organelle disappeared with formation
of the sporocyst wall although durtng ws forma
ion some unit membranes were observed close 1

the plasmalemma (Fig 8) °






Figures 1 1B are electron micropraphs of secthons Westratng the formation of the sporacyst and stnucture of the

sporocyst wall withim the oocysts of T g ndn
A double bar

spyrocyst wall (S = mterposing stp L
aucleus Q
membrane

outer 1aver of ihe sporocyst wall P

1ipad globutes (A = (un hag membranes M

) on a figure represents | pru and a single bar { ) 100 nm
The following abbreviations are used throuzhout ER

rough endoplastric teuculum 1 = mnet layer of he
mtochondrion N

plasmalemma PG polysacchande geanute UNL = unn

Foy 1 A section through a spherical sporoblast T Soplasm copaues wha nucley and a auwbes of palysacchatide
granutes lipid globujes mutochondria and a few strands of rough endoplasmic renculum 15 008

Fig * In s seenon though 3 SpOToiast as A shh By lates stage af davelopment than thatw Eig | the orgamsay

has anatned an ellipsoidal appearance  * 15 600

Fig 2 Anenlargementof partof the penphers of the orgaasm in Fig 1 showinz the sporoblast to be limuted by th o
0

unit membranes % 90 000

Fy ¢ Anenlsrgement of part of the periphery of the organism n Fig 2 Atthus stage the orgapism IS imited by three

Unt membranes > 90 000

Fg 5 Part of the penphery of an orgamsm Which shows the eatly stage of furmation of the nner layer of the

sporocyst wall fairows) x 160 000

Fg 6 A secuion thiough the periphery of 2 forming sporocyst Al this stage fine siriations can de seen 1 the
devefoping 1nner fayer of the sporovyst wall {arcows) X 90 000

Fg 7 In this sect on through the periphery of a forming sporocyst the anlage of the junction between two of the
4eretop ng piates which Torm the 1nnet layer of the sporocyst wall can be seen larrow)  # 90 000

Fig 8 A section showng the anlage of the punciion berween two of the developing plates of the inner $ayer of the
spurocyst wall farrowd Note 1he un membrnes adjscent 1o ihe plasmatemma % 160 000

Fg 9 An enlargement of part of a fully formed sporocyst wall Note that the v 0 membranes M the outer layer have

lost the 1 unu, membrane appearance < 90 00

MATERIALS AND METHODS

The matenaly and methods were as described previously
114) n thyy stwdy oocysty which had been all wed to
sporufate far 12 16 24 36 and 48 hours were
exany et The results are based on the examingtion of
apprevimately 600 electron m wrng aphs

RESULTS

Sporocyst wall formation s mwated soon after
the tho sporoblasts are formed by diviston of the
zygote Each sporoblast 15 miually spenical i shape
and Limiten by 1w o unic membranes (Figs 1 3) but
an additional unit membrane soon appears (Fig 4)

%0 auter membranes wall eventnally become
thie outer ayer of the sporocyst wall while the inner
membrane represents the plasmalerama of 1he
CYaplastue mass At this stage the sporoblast starts
10 become ellipsondal 1 shape (Fig 2}

The first evidence of the formaton of the wner
I '

' - .
N "

N ' ey
Tayer continues 10 ncrease 1 thickness a cfoss
strtated substructure with a penodicity of 3 S rm
becores visible (Figs 6 7} As the snner Tayer
frms s ¥eMnas com be Yoserved winth represent
1rhe anlagen of the specualised junctions of the watac

pY ki wdd EIPSO] 1 shape and possessed the
same Organelle compliment as that observed w the
sporobiast which copsssted of two nucley plys 2
number of polysaccharide granules lipid globules
mutochonduiz Galgy bodies and some rough enda
plasmie feuculum (of Figs | 10) ho speaific
cytoplasaic organelle disappeared with formation
of the sporocyst wal although duning s forma
tioR Somé unit membranes were observed closs ¢

the plasmalemma (Fig &) o



e Tocral B

- RS e Sollerery, s (,d .t

RN TSNS SN s AR i
oyt

.,me T - A n,%mhxérf

Ty

A

ST AT T i

=

1.

Ly

T
R

.

Find e s
S m \.n.ﬂ. % ‘.H.n\%hﬂ

i v SR G2
RS

-

v,
s

R4



g f
Fig 14 A tangenual section through the mner Layer of the sporocyst wall showing the banded appearance of the
Interposinig sirip when cut longiudinally X 90 000

Fig 15 A tangental section through the inner layer of the sporocyst wall The banded appearance of the 1nierposing
strip and the coarse striation on one of the plates (arcows) 1s evident X 160 000

Fig 16 An cblique section through the sporocyst wall showing the coarse stratons in the wmner layer (arraws)
X160 000

Fig 17 A tangential secuon through the mnner layer of the sporocyst wall In this case fine striations can be seen

(arrows) x 160 000

Fig 18 n this secuon the mner layer of the sporocyst wall is cut tangentially 3nd the two 1ypes of striations can be

ly 70° 1o the
seen superimposed on each other The coarse striations farrow heads)are at an angle of approumately 1

striations {arrows) X 160 000

distnet osmiophilic terminal band (Figs 12 13) In
angenual sections however some fine striations
are visible on the surface of the inner layer {Figs 17
18} and in oblique sections through this layer a
second coarse type of striation can be seen in which
the electron-dense and fucent bands are 3 5 nm and
10 nm wide respectively (Figs 15 16) In a few
Gases the two types of Striations were observed
superimposed on each other and 1t was observed
that the fine striations were at an angle of
approvimately 70° 10 the coarse strrations {Fig 18)

fine

The margin of each plate 1s swollen o a thickpess
of approumately 100 nim The plates are jomed by a
complex structure in which an interposing strip of
matenal 15 siuated midway between the swollen
margins of the adjacent plates (Figs 12 13) This
strip 15 15 nm thick and 130 nm wide and presents
o osmiophiw. edges (Fig 13} In longiudina
sections through the strip 1t akso displays a cross
banding (Figs 14 15) A space of approumately §
nm s observed betw een the strip and the margins of
the tw o adjomntng plates and the plates are connected

187
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Fiy, ] 10 A longuudinal section through a sporocyst The juncuions of the four plates of the mner layer of the sporocy
wall can be seen (arrows) The juncuon at the bottom s not too evident 1n this section but its presence has bt
confirmed 1n seral sections  x [5 000

Fig 11 A transverse scction through a sporocyst The two junctions between the plates present in the plane of th
secyion are shown {arrows) x [5 000

Fi, 17 A cross section through the sporocyst wall n the region of the junction of two plates The interposing stry
and the thin bands of osmiophilic material (arrows} joiming the plates 10 the interposing strip can be seen Noie th
depression 1n the outer layer {arrow head) directly over the junction % 90 000

Fig 1>\ similar section to that shown i Fig 12 The tin bands of osmrophilic material joining the plates to lh¢

Iinterposting Strip {arrows) are seen  x 90 000

The fully formed sporocyst wali ts thus comprt
sed of two layers The outer layer consists of the
two membranes previously menyoned which at
this stage have lost their distinct unit membrane
structure and are normally found closely applied to
each other (Figs 12 13) ln addiion some
amorphous material may be present on the outer
surface or this layer The imner Jayer 1s comprised of
four curved plates although one example of a
Sporocyst possessing five plates was obseried 1
excystation studies (unpublished results) The plates

have a fixed orentation within the sporocyst walt
Thts contfi s d Jy representey
m Text Fig | From this it would appear that h
longitudinal sections through the sporocy st the joins
of all four plates are visible (Fig 10) while i
transverse secttons joins of only two plates can be
seen (Fig 11) Normally cross sections through 1ht
fully formed plates have a homogenous appearance
although 1n certain cases cross striations are
apparent These striations : o
ved close to the margns ol




endocall ncr (15 16}and also to other members of
theeocidaeg A eberth (11 1) € d rchom (8
9)and Delorra sife elas (10} In T g 1ds we
observed a shallow depress on 1 the outer layer of
the sporocyst wall directly over the jo n ng region of
the plates of the inner layer This obsenvation has
apparently not been made in the other species
stud ed The 1nner layer of the sporocyst wall of T
gond consists of four plates (the s ngle observation
of a sporocyst w th five plates was except onal and
aypeal) Ths 1s simiar to the wall structure
demonstrated 1n sporocysts of / ca s and [
eduall @ (15 16) and the orientaton of the
plates would appear to be wdentical to that reported
for { e docalfn ¢t (16) In I ¢ docall 1c1 the
Cross sirrat on 1n the sporocyst wall appears o be
Imted to the margmal reg ons of the four plates
{16) In T go d we have observed two distinct
types of striat ons One type with fine striat ons was
observed n tangent al sections of the surface of the
plates and the other type w th coarser striat ons was
observed n obl que sections through the plates
Two dstnct types of sirauons have ako been
reported n tangential sect ons of the inner layer of
the sporocyst wall of A eberti C d rcfo and D
sleclas (12 9 10) The period cities of these
ppear to be similar to the fne and coarse striat ons
observed n T gond  The observatons on T gond +
are simlar to those on the other species 1n that
when the two types of str ations were observed 1n
the same plane of the secuons they were at an angle
10 each other

The plates of the nrer layer of the sporocyst wall
are Joined by a complex structure which has been
termed the xch scence devee n A chertf (11
12) Cd reio (8 9)and D sie elas{10) In T
gond  the substructure of these Jomis with a

4PXATS 10 be present m A eberdt (11 12) ¢
durclon (8 9)and D stf enela s ( 10)and the banded
2ppearance of th s sty p in long tud nal sections
Tendtssmiar to that reported for A4 ebert/;
and D sile elas(1l 10} InT go o the plates are
Joned 10 the Interpostng strp by a th n band of
OSm oph 1 ¢ mater at This conf'guration 15 d {ferent
from that reported for / endocalf m ¢ where a thin
layer of matersal above the nterposing strip jo ned
the adjacent plates directly (16) [n T god the
presence of a 5 nm space between the plates and the
DIErPOsIng stp d ffers from that r
('m;_om” " er where no space was obsersed (16)
TOm our study 1t would a r that t
structure of the Sporocyst wall of 7 Zﬁ: 158m l‘;:

to that of the closely related specses / cans and f

endocall m 1 1n addiion 1t possesses many of the
charactensucs reported for the sporocyst walls of A
ebertht € durel  1and D stfencla s On the other
hand the structure of the sporocyst wall of all these
species 1s basically d fferent from that reported for
other members of the genus fsospora {eg 1 scr
{149 and the genus Emcra (2 13) In these the
sporocyst wall has a single aperture contam ng a
Stieda body with an associated sub Stieda body The
signaf cance of this bas ¢ d flerency 1 the structure
of the sporocyst wall between these closely refated
species and the poss ble evolutionary process by
which 1t has become established 15 diffcult to
explain
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Taat Fig 1 A three dimens onal representation of the
inner tayer of the sporocyst wall showing the arranse
ment of the four curved plates

to the strip and thus to each other by a thin band of
osnuophtlic materal situated tow ards the extertor of
the margins and the nterposing strip (Fres 12 13)
Finally 1t should be noted that a shallow depression
1s observed in the outer layer of the sporocyst wall
ata positron directly over the joms of the plates (FIg
12} Diagrammatical representations of the three
dimensional appearance of the joining regton of the
plates (Text Fig 3) and the cross sectional
appearance of the complete sporocy st wall (Text Fig

2) are gtven

DISCUSSION

The formation of the sporocyst wall has not beeft
described for Isospora like oocysts However the
present study has shown that in T gondu the outel
layer 1s formed from the hmiting membranes of the
sporoblast  This condition 1s similar to that
described for the related coccrdians  Aggregatd
eberth (12) and Coclotropha durchont BT

19

’
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Text Fie 7 A diacrammatical representat on of a 0o

section through the sporocyst wall in the ree n of 2

Junction between two of the plates of the mner layer The

plates are joined to the interposine stup by ath n band of
osmeophilic material {arrows)

Teu Fie 3 A three d mensional representat on of (he
inner layer of the sporocyst wall at the junct on baweenh
two plates

gondi the mner layer of the sporocyst wall &
sumilar s resistance to the penetraton
chenycal reagents as that of the oocyst wall (5) In
oocyst wall formation two types of wall formnt”
bodies were concerned with and disappeared durif®
its formation (5) However the formation of 1%
sporocyst wall was not accompamied by the
disappearance of any specific cytoplasmic organelle
This 1s sinular to that reported for C durcho [
9) and £ brunetr () but differs from the reports 07
A elcrthn (6) and Sirc avsns zencdly (T) whet®
sranular bodies and sosmiophilic bodies wer®
thought to be involved m the formation of
sporocyst wall In the majonity of orgamisms 1hé
formation of the sporocyst wall precedes the
nitaation of sporozote formation (3) Ths differs
from that reported for £ brunciir (2)

Our material shows that the sporocyst wall of 7
gondi 1s made up of a thin outer layer and a thickef
inner layer consisting of a number of curved plates
This bastc structure 1s simmlar 10 that reported (f
the Tho ddosehy Tehad speties of §ocons and ¢



endocaliimci (15 16) and also to other members of
thecocediae g A ebertu (11 12 C durchont (8

9 and Defiorma sthenclas (10} In T gondu we
observed a shallow depression in the outer layer of
the sporocyst wall directly over the joining region of
the plates of the inner layer This observation has
apparently not been made 1n the other specks
studied The inner fayer of the sporocy st wall of T
gondu conswts of Tour plates (ihe sigle obsenaton

endocallumcr 1n addition it possesses many of the
characteristics reported for the sporocyst walls of A
eburtht € durchont and D sthenclars On the other
hand the structure of the sporocy st wall of alf these
species ts basically different from that reported for
other members of the genus fsospora leg T scrom
(13D and the genvs Fimersa (2 13) In these the
sporocyst wall has a single aperture contamning a
Sueda body with an assocrated sub Stieda body The

of a sporocyst with five plates was P and
anypicall This 15 similar 10 the wall <tructure
demonstrated m sposocysts of I cams and §
endocaltimser {15 16) and the onemation of the
plates would appear to be tdentical 10 that reponed
for 1 end e tn i the

fi of this basic dilfe In the struciure
of the sparacyst wall between these closcly related
species and the possible evolutionary process by
which (t has become established 15 difficult 10
explan

1085 SI1auon 10 1he sporocyst wall appears to be
Itmited to the marginal regions of the four plates
06) In 7 gondi we have obsersed two dunct
pes of stnations One type with fine striations was
observed 1n tangentsal sections of the surface of the
Plates and the other type With coarser SInatons was
obsenved 1 oblique sections through the plates
Too distmet types of strations have also been
reported 1n tangential Sections of the mner layer of
the sporocyst wall of A coerthn € durchont and D
sthenelars (12 9 10) The periodicities of these
20pear 16 be simular 1o the fine and <oarse stnatons
observed in T gondu The cbservanons on T gendu
are similar 1o those on the other species 11 that
when the two types of striations were observed in
the same plane of the sections thev were at an angle
10 each other

The plates of the tner layer of the sporocyst walt
are jomied by a complex structure which kas been
tenmed the ndehiscence device « mA cherth (11
121 C durchom (8 9) and D sthenclars (10) In T
gndi the substructure of these jotnts with a
marginal swelling of the plates and an interposing
SWP 15 Simiar 1o that eported for § cams and f
endocalfnucr (1S 16) The tterposing strip alsa
PPETS 10 be present 1 A cherthy (1| 12) ¢
durchont (8 9Yand D sthenclas (10Yand the banded
appearance of this strip 1n longitudinal secions )n
T gondu 1 siilar 1o that reported for 4 (kershy
and B sthenelars (11 10} |n T £ondy the plates are
Jowed to the Imerposing sinip by a thin band of
osmm;lhmc materiat This configuration is difTerent

© i uid s nms,
nterposing stnp ds
endocalfip 1ce w here

Pace between the plates and the
flers from that reported for /
N0 space was observed (16)

"t would appear that the
SUWallOf T gands s stmilar
elated species I canus and 7

Structure of the SPOrocy.
10 that of the elosety 1,

rr—
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QUANTIFICATION OF TETANUS ANTITOXIN IN
HUMAN SERA
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The Vacane Department Natonal Institute of Public Health Oslo Norway
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demiological survey of immumty 1o tetanus 1s to be performed 11 Norway during
?9“7;“:5“:98;;0::; thus agsxmple and reliable method for screening sera for content of tetanus
antitoxin 1s needed An improved counter method for of tetanus
anutoun 15 descibed The towin neutralization test 1n muce 13 considered to correlate well with
protection 1 humans Counter immunoelectrophoresis has the advantage of using tetanus toxoid instead
of toxin 25 well as being more rap:d 2nd less expensive Specific anubodies of the 1gG TgM and IgA
classes could be read sumuitaneously for many sera This may be of importance since 1t 1s reported 1
the Lterature that only anubody of the IgG class 1s capable of neutralizing tetanus toxin i mice

Counter immunoelectrophoresss 15 Jimuited by betng less sensive than the toxin neutralization test 1n
mice
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Admustration of diphtheria pertussts tetanus
vaccine has fesulted i an almost total eradication of
tetanus n Norway Duning the period 1963-1977
only ten deaths due to tetanus were reported Since a
correlation between antitoun level and untoward
reactions seems to exst (9 20 24) the mmuniza
ton schedules will be reevaluated takmng into
account the antitom level necessary for protection

As the correlation between passive haemaggluti

natan i1 3%

phoretic method has been imvestigated

As far as s known no thorough study of the
counter immunoelectrophioretic method for deter
mination of tetanus antitoun has been published
hitherto A brief teport dealing with quantfication
of tetanus antitoxin by counter immunoelectropho
fests has been published (21) The experimentat

condtions described 1n that study were found to be
unswiiable m our hands A modification (6) of the
method of Sgourss (1972) has been mentoned
briefly i the Iterature The improved method
described 1n the present study was found to be
suttable 1 studies of 1mmune status after diphthe
T12 pertussis tetanus vaccination (26)

MATERIALS AND METHODS

Counter immunoelectrophoresis Glass plates (92x 84
cm) were coated with 0 1 cm fayer of | per cent agarose
(Agarose A 37 from Llndustree Biologique Francaice) n

b > o WU 10 the gel A shde of this size
3scommoda.ed three double rows wath mine pared welly
10 each row Thus 27 specimens could be analysed
simultaneously on one slide Serum sampes (10 Bl/well)
were placed n the rows of wells near the anode



Electrophoresis was carried out for 60 mn before
tetanus toxoid (10 pl/well) was added to the rows nearest
to the cathode after which electrophoresis was contmued
for a further 30 min

Electrophoresis was run at 6 V/cm using a water
cooled apparatus and the barbital buffer described above
The agar plates were alfowed to stand 1n a moist chamber
overnight before reading Diluuons of a high utred
tetanus immunoglobulin preparation (Statens Bakteriolo
giska Laboratorium {SBL) Stockholm) were used as
controls

Two different preparations of tetanus toxoid were
used as antigens The least punfied toxod was
precipitated by TCA according to standard procedures
and after dilution 1n 0 9 per cent saline contained § 5 LI/
ml and 54 pg protein mitrogen/ml determined by a
mcro Kjeldahl after TCA and
heat coagulaton (18) (LT = Limes flocculationis the
amount of toxin or toxotd which when mixed with one
International Unit of antitoxin gives a Ramon floccula
ton 1n the shortest tme International Unut (I U) of
antitoxin 1s the specific activity of a stated amount of the
Internatuonal Standard as defined by the W HO Expert
C on B | Stand [#2}]

The other tetanus toxord preparation was purified
Turther by gel filtration on a column (75x 1 5 cm) of
BioGel A15 m (BwRad Laboratories USA)
equilibrated and eluted with 0 | M tris HCI buffer pH
80 i 05 M NaCl Concentratron was performed in
Minicon A 75 (Amicon Corporation U § A ) concentra
tors for macrosolutes The concentrate was dralysed
agatnst ¢ 9 per cent saline and diluted to contain 5 § LI/
ml of toxord

The toxord antigen preparations were analysed by
polyacrylamide stab gel electrophoresis in the presence of

8raphy on 2 column similar (o the one used by
purification of tetanus tovord The IgM fraction collectyy
from the column was identfied by ymmuno douty,
diffusion 1 1 per cent agarose gef (3 mm from centre B
centre of wells) using antthuman IgM obtained frop,
Behringwerke Germany The IgM and the igG fraction
were ftested by immuno double diffusion againg
antihuman IgG and anthuman IgA from the sam,
commercial source The IgM fraction was furthy
punified from IgG aggregates by rmmuno adsorption &y
acolumn (0 9% 7 0 cm) of anti pFe  coupled to agaross
Antr pFc 1s speafic for 1gG as pFc s the C terminy
domain 1n the IgG molecule The immunosorbent was
gift from Dr Terse Michaelsen Oslo IgM was elutyg
with phosphate buffered saline pH 72 The punfig
1gM fraction was tested by counter immunoelectropho
Tests agamnst tetanus tovord

The fraction contatming non aggregated [8G wag
purified from IgA by 1on exchange chromatography on g
column (30 x 1 5 cm) of Whatman DES2 cellufose (%
&R Balston Ltd England) IgG was eluted with D01y
M phosphate buffer pH 76

Some sera formed a preciptiation line localyy
anodically to the serum well In order to identify the
antibody class partictpating in this Ime a third well way
fitted with 10 pl of Nuoresceimsothiocyanate-ponyugatey
antihuman IgA annbodies {8 mg/ml) the day afiey
electrophoresss The molar ratio of fluoresceimisothtocy
anate to IgA was 1 5 Alternauvely the third nell »ay
filled with 10 pl of fluoresceinisothrocyanate conjugate
antthuman IgG (5 mg/ml} The motar rato of fluoresc
1msothiocyanate to IgG was 33 The conjugales Rere
allowed to diffuse 1n the agarose gel for 48 hina humd
chamber before the plates were washed n phosphate

buffered saline pH 72 When these el plates were
h of short waved UV hight

sadium dodecy! sulphate using a buffer
system (7) based on the method of Laemmir (14)
Human albumun (molwt 68000) and ovalbumin
(mal wt 43 000) were used as references

The toxouds {3 LF/10 pl) were also analysed by
crossed immunoelectrophorests agamnst unpunfied teta
nus anutoxin of equine ortgin agamst purified human
tetanus ymmunoglobulin (SBL) of the IgG class and
against ope of the human sera forming two precipitation
Iines between the wells tn counter immuno~lectrophore
stis  Crossed immunoclectrophoresss was performed
according 1o Heeke (1973) using | per cent agarose
(Agarose A 37) n a barbual glveme/onis buffer pit 8 8
Lonic strength 0 08 For the first run 2 8 L{/10 pl of
tetanus totord was added The field strength was 10 v/
cm and the electrophoresis time was | h 1 the first
dimenston For the second run telanus antitoxin 96
1 U /ml agarose solution) was added In the second
dimension a field strength of 25 V/em and an
electrophoresis time of 16 h were applied

o lobulin classes p 7

in the preciguation lmes Some sera formed two lines
between the wells 11 counter immunoelectrophoress In
order ta determme the 1mmunoglobulin class parllﬂp:
ung 10 the precipita 2 were Jractionate

1ion hines the sex:
1M was separated

from 1gG and IgA by gel chromato

a
through the gel and weak daylight on 1he el was used
(kodak TRI X Pan Film ASA 400)

The
gilts of Dr Terse Michaelsern
Sera The human serum specimens used m the
af the counter meth
od were taken from persons vaccnated withm the
previous three mounths Sera found to be negatve were
retested after being concentrated by Mimcon S 125 o by
jyophshization

were the

RESULTS

Standardeation of the counter immunoelectrophore
t1c assay The least purified tetanus toxoid prepard
uon used as antigen n counter immunoelectropho
rests contained 1022 Lf/mg protemn mitrogen The
sensttyvity for detection of antitoxin was highest ata
tovord concentration of 55 Lf/ml At highet
antigen didutions the precipitate became weah

The other tetanus toxord preparation used 2
antigen contaned 3520 Lf/mg protein mtrogen
The optimal antigen prepar:



2 2 27 20 8 & & 2 0 6 6 & 7

v,
Faoon aumbe 2

Fg ! Gel filtrauon of tetanus toxord contarung 1022
Lf/mg protemn mtrogen on BoGel A 15 Absorb
ance at 278 nm {—)and at 254 nm (~ ) of the eluate was.
determ ned.

ml Tetanus toxoid was eluted from the Bio-Gel
column 1 fracuons 11-14 (Fig 1) The rauo
A 30 am/ A254 am fOT the toxord peak varied between
14 2nd | 6 in different experiments The purifica
tion degree achieved 15 illustrated by polyacrylamide
slab gel electrophorests tn Fig 2 The toxoid
contamning 3520 L{/mg protemn mitrogen formed a
single band staming for prote:n whale the prepara
tion containmg 1022 Lf/mg protein nitrogen
formed eght addriional bands

The same anthmetic mean ttres were obtained
for the serum specimens concerned by the two
toxoid n counter

Fig 3 Counter immunoelectrophorests of tho serum
samples against tetanus tovord contaimng 3520 Lf/mg
protein mtrogen Twofold serum dilutions were used

of vanation was seen in the toun neutralization
tests

Most of the sera formed one distinct precipitation
line in counter immunoelectrophoresis As shown
mFig 3 the precipitate at the dilution taken as end
point was easily disunguishable from the negatnve
reaction of the succeeding serum difution W ith
both toxoids some sera with a relatvely high
content of tetanus antitoxin formed a well-defined
additonal hime between the wells The serum
forming two precipitation lines in Fig 3 was not
titrated to negauive reaction The figure iftustrates

resis In repeated tests the ttres could vary by one
utre step using twofold dilutions The same degree

b

LN
!
.
-
-l

a C

Fe 2 Polyacrylam de slab gel electrophoresis of tetanus.
xod contaiming 3520 Lf/mg proten mitrogen (a)
tetanus 1010 d contaming 1022 Lf/mg protein mtrogen
(b) and a emixture of buman albumin and ovalbumn {c}

that the ad line 1s not visible at
higher serum diluuons The IgG fraction of a serum
formuing two precipitation lines between the wells
punified by gel filtration and 1on exchange chroma
tography was responsible for the major hne
Reading of ttres was based on this major precipita
tion line 1n which IgG antibodies participate The
TgM fraction contaming 1gG aggregates also formed
a ttne 1n counter tmmunoelectrophoresis W hen the
1gG aggregates were removed by immuno-adsorp-
tion the IgM fraction sull gave 2 precipitation hne
The presence of IgM and absence of 13G were
proved by immuno double diffusion against anti
1M and anu IgG after concentratron of the eluate
from the immunosorbent column 1o the original
volume followed by agarose gel electrophoresis
By crossed immunoelectrophoresis both tetanus
toxord antigens formed one precipitation line with
human tetanus immunoglobuhn of the IgG class
whereas both toxod preparations formed two

w lluwevts Lne pre
cipitation hines were more distinct for the most
punﬁ?d toxoid preparation (Fig 4)

A few sera formed a prectpitatior
anodically 1o the serum well p'l'lus xlluilcn;pl:::z
both 1n the presence apd absence of the 1:G
Precipitation bine (Fig §) Addiuon of fluorescein



Fig 4 Crossed immunoelectrophorests against equine
ant1 tetanus serum of tetanus toxoid containing 3520 Lf/
mg protein nitrogen Anode to the right and top

1sothiocyanate conjugated anti IgA made the anod:
cally located line fluorescent and more distinct As
tlustrated 1n Fig 5 conjugated ant1 IgG had no
such effect This indicated that ant tetanus antibo
dies of the IgA class were present 1n the preciptate

W Ssrum Ag
WA O O
19G \.

=

Fig 5 Counter immunoelectrophorests of two serum
samples (N0 1 & 2) against tetanus tovo d contaiung
3520 Lf/mg proten mitrogen Fluoresceinisothiocya
nate conpugated anti human 1gG or conjugated anlt
A was added to the additional set of anodically
focated wells the day after electrophorests

human Ig

ne

DISCUSSION

Counter immunoelectrophorests has often been
used for identification of antrigen (3 5 8) or
antibody (1 19) The present results as well asa
report by others (16) indicate that counter
ophoresis may be employed for quan
tification of human antibodses The sensitivity of the
method could be improved by concentration of sera
As discussed by others (13 19 23) it s of
1mportance to run carefully calibrated concentration
of antigens and the sera 1n several dilutions
Many sera especially the high tired ones
formed an additional precipitation ime between the
antigen and the serum well As the IgM senm
fraction tested formed a prectpitation hine 2gamst
highly purified tetanus toxoid the additional lne
was probably due to IgM antibodies Furthermore
1t was unlikely that the highly purfied tetanus
toxoid giving one band staing for protein on slab
gel electrophoresis should contain two different
anugens Not only the size but also the electropho
retic mobility 1n that case would have to be the
same according to the results of crossed immuno-
electrophoresis Consistent with ths concluston the
human tetanus immunoglobulin preparation cont
ning immunoglobulin of the IgG class gave a single
precipitation line by crossed immunoelectrophore
sts

Hernande» et al (1973) reported that the
appearance of transtent tetanus antibody of the IeM
and IgA class 1s not imited to the primary immune
response

Ourth & MacDonald (1977) found that 1gG »as
the human mmmunoglobulin class of importance it
neutralizing tetanus toxin in mice The low neutralt
zing capacity of IgM and IgA could be due to 1eG
contamination Furthermore adsorption of rabbit
antisera to tetanus toxoid with goat antirabbit Fo
specific for adsorption of IgG from antiserum g\¢
antibodses ncapable of neutrahizing tetanus toun
Taking the above mentioned reports into considera
non 1t must be of the utmost importance 10

the toxm test In mice
with a rapid and mexpensive method which assays
ant1 tetanus antibodies of the IgG class only The
counter tmmunoelectrophoretic method will be &x2

Juated further for possible routine use (26)

It was proposed recently to replace or to complet¢
the  vno ttration of tetanus antitouin by radal
immunodiffusion (15) However radial immuno
diffusion may give too high antibody titres of many
sera as precipitins of the IgM and the IgA class will
be included

As recently proposed by Hardegree et al (1978)
anti tetanus antibodies of the IgE class should also




be quantufied sf possible i the evaluaton of
hypersensitivity feactions following mmmunization

The skilled techmical assistance of Hefen Bergsiik ts
gratefully acknow ledged
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We described recentty an improved counter method for of tetanus

anutoun The toxin meutralization test 1 muce 1s considered to correlate well with protecton n
humans In the present study the correlation coefficient between the two methods was 0 89 Sera
contaiming more than 70 1U /ml could be quantfied directly by counter immunoelectrophoresis w hite
sera confaming less tetanus anttoxin had to be concentrated prior to quanufication The passive
baemagglutinauon test was also compared with the toxin neutralization test tn mice The correlation

coefficient between the two methods was 0 76

Key words Counter

antitonn

tests tests  tetapus
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Toe toxin neutraluzation test n muce 1§ deman
ding from the potnt of view of animal facilities and
causes suffering to the ammals It 15 also ume
consuming since 1t takes five days to analyse a
serum sample In order to supplement i vno
utrauon by a more rapid and simple method the
possible usefi of counter
resis for quantification of tetanus antitoxin was
recently investigated (9) Specific antbodies of the
I8G 1gM and IgA classes could be read stmultane
ously for many sera Since only antibodies of the
1G class seem 1o be capable of neutralizing tetanus
‘oun i muce 65 counter immunoelectrophoresis
may be a smitable and rapid method for demonstra
tion of protecting antibodies The 1mproved counter
immunoelectrophatetic method described recently
{815 corapared with the tovin neutralization test 1n
BUCE 1n the present study

Hitherto the passive haemagglutination test has
been used for screemung sera for tetanus antitoxin

content at the National Insutute of Public Health
Oslo Also this test 1s compared with the toxm
neutralization test 1a mice m this study

MATERIAL AND METHODS

Counter immunoelectrophoresis Standardization of the
faunter immunoflectrophoretic method has been descn
bed previously (%)

4l WAL Kalls @ mouse of a defined weight 1n four
days ) The L +/10 toun level utration was used for sera
with ugh antitoxin content (> 31U fq) The L+/400
toxin level bitration was used for sera with low tires (<
5 IU/m) The toun used for these tests was
sulphate duied over P-yg
ules Before use 1t was

Ine contaming 67 per ceny

2nd stored 1n sealed ampor
dissolved 10 09 per cent saf,
slycerol



For tttration at the L+/10 toxin level the sera were
diluted 1n phosphate buffered saline pH 7 4 muxed with
toxin and mcubated at 20°C for | h 05 m! of each
mixture was injected subcutaneously into an outbred
female mouse (NMRI/Bom stram) weighing 16-18 g
One mouse was used for each serum dilution The mice
were observed for four days and deaths were recorded
each day The lowest serum dilution causing the death of
a mouse was taken as contaming 01 1U /volume
imected of tetanus antitoxin The [nternational Standard
for Tetanus Anutoxin 2nd Standard 1969 (1) obtained
from Statens Serunmunstitut Copenhagen was used as
reference

Titration at the L +/400 toxin level was carried out
according to a method introduced by Ipsen (4) by which
the antitoxtn titre 15 calculated on the basis of the ume of
death of the mice The same breed and size of mice were
used as in the L+/10 toxin level titration method

Passne haemagghitination This was carried out
essentially as described by Starirsky (7} Sheep erythro
cytes were formalimzed and treated with tannic acid as
described by Butfer (2} Different partly purfied tetanus
toxoid preparations contaimng about 300 Lf/ml were
used for sensitization of the erythrocytes Rabbit serum
(05 per cent) was used as stabilizer n the final
suspenstons  The Internauonal Standard for Tetanus
Antitoxin (1) was used as reference The unknown sera
were measured agamnst the reference The anutoun
content was expressed 1 haemagglutination units (H U )
I HU corresponded to { [ U of the reference m the
haemagglutination assay

Sera The serum specimens were tested within (wo
months of collection About half of the specimens were
taken from persons vaccinated within the previous three

months While the other half were from perc®™
vaccinated several years previously The ase of ¢
persons ranged from one 1o 60 years

Serum specimens found to be negauve by count?!
immunoelectrophorests were retested after concentran®®
m Mimcon S 125 (Amcon Corporation US iy
concentrator or after lyophihzatoen

Presentation of rusults Thirty sera were tested thi®
times by counter immunoelectrophorests using the ©
spectve toxord preparations described previoushy @
The same sera were tested three times m the tor
neutratization assay at the L +/10 totin level Theyal
recorded are the arthmetical means of the resulss 1
addition a further ten sera were tested once 1 the tov""
neutralization assay at the L +/400 toun level Thesa™
ten sera were tested by counter mlmunoe[cmophorr““
afier concentration to one fifth Five sera were concx”
trated by lyophitizauon and five by Minicon § 125

143 sera were tested once by passne haemasglour®
ton The same sera were flested once by 1ot
neutralization assay at the L +/400 toun level

RESULTS

Comparison between antt tetanus antrbods "m::
d by counter lectrophoresis 10v
neutralization test and passnc faemagglutinaho”
In order to mvestigate whether the ant tetanus I
antibodies detected by counter lmmunoeleclrophr:
rests could be responstble for the neutralization r“
tetanus toun 1n muce the correlation coefficie!
between the counter immunoelectrophorests ntré®
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Fig 1 Scatter diagram of the
Iine drawn represents the regressk

symbol follosed by 2 2 represents 1Wo test sesults

ofl equation betw een the varables cal

culated by the method of least squares (5) Th¢
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Fg > Scatter dugrams of the relavonship of toun
neutralization utres 10 passive haemagglutination wtres.
The lower tnres are given n () and the higher utres in
(b) The hines dra®n represent the regression equation
Rerherp he varak'es from hoth dugsas calrutaed by
the method of least squares (S} The figures given after
the dots represent the number of test results

and utres found by the toxin neutralization test was
calculsted for 30 sera (Fig 1) The correlation
coefficient berween the 1o was 08¢ by non
logarithmic plotung and 076 by logarithmic
plotung {5) This was considerably hugher than the
coreelation coefficient of 0 76 between the titres
obtaned by toun neutralization and passive hae
mMaggluuimation by non loganthmic plotting (Figs
2a b and of (3‘_50 by logarthmic ploting The

were highly
according to Stadents ¢ test

15
v /mi}

on titre H

The sensitivity of the counter immunoelectrop
horetc method 15 not as good as that of the other
%o methods By the toun neutealzation test &
mimmum antitoun ameunt of 0 003 1 U /m could
be d According to the equation
(Fig 1) anutovin amounts of 701 U /ml could be
analysed in unconcentrated sera by counter immu
noelectrophoresis  After fivefold concentrauon of
sera antitoxin amounts of 4 6 1U /ml could be
assayed Anutoyn utres obtamned by counter

of 10 sera by
Iyophihizanon (5) or by ultrafiltration ($) correlated
well with the ttres obtatned for the sera concerned
by the toun neutralzauon test i mice Since only
10 sera were analysed after concentration the
correlation coefficient 1s not given

In repeated tests using counter immunoelectro
phoresis and the toxin neutralization test the results
saned within + 33 per cent

DISCUSSION

Previous studies (9) indicated that counter immu
noelectrophorests may be tsed for quantification of
human tetanus antitoxin For detection of tetanus.
antitoun the accuracy of the method 1n repeated



analyses 15 comparable with the toxmn neutraltzation
test 1n mice The sensivity of the w1 vitro method
could be improved by concentration of sera without
gving noticeably less well correlated results In che
toxin neutralization test only antibodies of the IgG
class seem to be effective (6) IgG antibodres could
be quanufied separately by counter immunoelec
trophoresis A correlation coeflicrent between the
two methods of 089 indicated that the same
antibody populations were measured

Diflerences between the utres of antitoxms
deterrmined by passive haemagglutination and by
toxmn neutralization 1n ammals have often been
reported {reviewed by van Ramshorst (8)) 1n our
hands also passive haemagglutination gave poor
correlation with the toun neutralization test in
mice As reported 1n the Iterature (6} human
antibodtes of the IgG IgM and IgA classes react
with tetanus toxoid 1n the passive haemagglutina
uon test About half of the serum specimens
analysed were taken within three months of
vacaination  Antitoxns of the IgM and the IgA
class which are not limited to the pnmary immune
response (3) may therefore have contributed 10 the
results obtamed by passive haemagglutination
Contammation of the toxoids with extraneous
antigens may also have had some effect

The conclusion 1o be drawn from the present
study must however be that counter immunoelec
trophoresis may be an advantageous substtute for
passive haemaggluttnation In screening sera comar
ning a relatvely high amount of tetanus antitoxn
stnce 1t 1s more well defined and less time
consuming

The skilled techmcal assistance of Lill Ann Stmonsen 1s
gratefully acknowledged
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ISOLATION OF SPOROTHRIX FUNGORUM
FROM A 500-YEAR-OLD
MUMMY FOUND IN GREENLAND

JESSIE BODENHOFF P GEERTINGER and § PRAUSE

My coloeical Department Statens Seruminsutut University Instute of Forensic Mediome and The Eve
Pathology Instute Unsversity of Copenhagen Copenhagen Denmark

Bodentoff ) Geerunger P & Prause J lsolavon of Sporushrre fungorum from a 500 year-old
mummy found in Greentand Acta path microbiol scand Sect B §7 201-203 1979

A SO year-o1d mummy of a seven month old kskimo infant recenty removed from a tomd north of
Unmansk presented problems of preservation Among these was fungal coaung on the skin especally
on the face The fungis was isolated and diagnosed as a Spcrothrix fungorum The skin was
successfully treated with nystatine The species Spororhrix fungorum wolated s considered to be very
rare having been reposted previously only from Europe and South Africa but never from Greenland

Key words Sporothrrx fungorum Greenand mummy
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The purpose of this paper 1s to report the
tsolauon of the rare microorganism  Spororhric
Jungorum {de Hoog & de Vries 1973 de Hoog 1974)

fom an equally rare source — a 500 year-old
Greendand mummy

MATERIAL AND METHODS

AN Fek mn — =

Amager Boulevard 80 DK 2300

1yle of the skin clothing the mummy 1s dated at (460
= 50years A D

Specmens were taken consistng of scrapings from
he 2bdomen and face of the mummy and from the inside
of the skin clothing

Reontme witosepc examinauon was pecformed on
W& specimens Aerobic incubation was carried out at

25°C and at 37°C on corn meal asar (us;
techmaque (19290 and an < & 78 Damais
C

iconazole §

were taken
10 routne
& v suued for fungs with Grocon s

modification of Gomorys methananuae siver nurate

technique



RESULTS

Mucroscopy of paraffin sections showed microorga
msms with a close resemblance to fung: (Fig D)
Imual microscopy of scrapings also showed micro
organisms resembling fung: (Fig 2)

Culture on Sabouraud agar incubated aerobically
at 25°C gave mixed growth of Torulopses candeda
and Sporothrix fungoriun The latter diagnosis Was
primarily suggested to us by Drs de Hoog
Rodriques de Miranda and de lres of the
Centraafbureau voor Schimmelcultures Baarn The
Netherlands

Fig 1 Paraffin secuon of sclera showing microorga
aiems resembling fungs (Grocott)  x 400

? tal microscopy  showan MICrOorEATISMS
Fig 0 i py  sh 4

resembling funst

- - ~ Py
Fig d Sporothree fungorin corn meal culture CN\‘I
dial apparatus Arrow [ primary comdia arro®
secondary conidey

Sparothrix fungorum grew slowly on all the agat
types tested when kept aerobie at 25°C but no
growth could be detected at 37°C .

On Sabouraud agar {(pH 4 5) the macroscop
appearance of the colonies was at first smooth ::g
convex and a diameter of 2 5 10 4 mm W as feac
after wcubation for 10 days The colonees wert
chalk white dull dry and opaque wih2 shary
defined shightly undulated margm There WS ne
odour oF exudation W% hen awrborne hyphae apped
red (day 4) the colores resembled small xoebct:isﬁ
The reverse of the substrate was cream-colour

Routine bright field observations of the ct‘f:d
meal agar by Zeiss photomicroscope shnX\\ .
submerged irregular hyphae and regular I'M‘“f
smooth walled vegelatne hyphae with a diameter o'
710 3 ym After culture for 48 hours c)nndng!:
condiogenous  cells with small denticles ¥ i
observed onginating apreally from non-fferent

ted hyphae
The sympodial growth ok the form of !;0(:
primary farge  cvhindneal single<celled om0

with apicutated base and secondary small blasite

comdsae of a different shape orgmating from the
comdiogenous cells (Fig 3

Few seplae Were seen in young hyphae and :jhﬁf
number increased with maturauon of the cont \a:
4 hen premary comdsae had formed on the h)phdm
lateral branches appeared just below the septac
sharp angles (o the main stath

The Sporothrix furgorim 1solated was resistant



' .

Fig 4 Head of 500 yearold mummy found n
Greenland Left side of the face treated with nystatine
resulung in reduced fungal growth

o amphotenicin B and miconazole but sensitive to
the other antmycotics examined

Treatment of the mummy with a solution of
nystaune clearly inhibited growth of fung: (Fig 4)

DISCUSSION

The differentia) diagnosts between the Sporothrix
Sungorum sotated and other closely related fung
such as Ranulang Hyalodendron Cladosporium
Blastoborrys npvea etc 15 based primarily on the
hyaline non-differentiated hyphae the cylindncal

cells the symp
and the secondary contdiae which so clearly differ
from the primary ones both n size and shape {de
Hoog 1974)

Sporothri fungorunt has been 1solated previously
from three different localities only. vz 10 the
Arberseewand Bavarn2z Germany where 1t was
found 1n 1967 by I¥" Gams n Vogelenzang The
Netherlands. where W Gams isolated 1t 1n 1970
and at Savelsbos, South Afnca where 1t was
solated by J A Stalpers m 1972 (de Hoog & dc
Vries 1973)

As the fungus 1s 1solated only rarely the question
15 Whether 3¢ 18 an ishabitant of Greenland today or
whether 1t has remained mn the mummies for $00
years This question can only be answered after
careful nvestigations both at the site i Greenland
and of the other mummies

The fact that a solution of an anttmyootic to
which the fungus 15 sensitne was found 10 1nhibit
the growth of the microorgamsm on the mummy
and the skin clothing may be helpful 1 the
conseryation procedure

The authors wish 1o thank G § de Hoog R de Mirands
ard L 4 1 e e ma g .

P T '

\ ‘s .
T

et . co
examine the mummy

REFERENCES

Datmau L A Remarques sur ta technrque mycology
Que Ann Parast hum comp 7 536-545 1929
Hoog G S de The genera Blastoborrys  Sporothrye
e - s v Cen
- 20-21

‘ L]

Hoog u 5 aed vries 6 4 de Two new species of
Sporothric and their relation to Blastobotns nn g
Antonse v Leeuwenhoek 79 518-520 1973






Acta path m crobjol scand Sect B &7 205-209 1979

GAS CHROMATOGRAPHIC CHARACTERIZATION OF
PORCINE AND HUMAN STRAINS BELONGING TO THE
MYCOBACTERIUM AVIUM-INTRACELLULARE COMPLEX

LENNART LARSSON RUNE BERGMAN and PER ANDERS MARDH

Department of Techmical Analytcal Chemustry Unnersity of Lund Lund National Veterinary
Instute Stockholm and Department of Medical Microbiotogy University of Lund fund Sweden

larsson L Bergman R & Mardh P A Gas chromatographic ¢haractenzation of porome and human

strains belonging to the Mscobacterium asum intracellulare complex Acta path microbiol scand Sect,
B §7 205209 1979

Tr whote cell of 23 strains designated as belonging to the A cobacte
rum aviem complex by growth and chicken

fests were analysed by gas chromatography Twenty of the strains were 1solated from prgs and the
remainder from human bengs Serological typing showed that 13 of the porcine strams but none of
the human strams belonged to M asium The remamng strans except one which showed
autoaggluunation did not react with anusera 10 M aviumt {serotypes | 3) thus suggesting that they
belonged 10 M iniraceltulare Five different hughly reproducible chromatographic patterns the mawy
peaks of which were considered as represenung bacterial carbohydrates and fatty acids, could be
d stinguished by visual examination and by cluster analysis The chromatographic resulrs could not be
correlated with those oblaned from serotyping ©f the strains studjed Myvobactera recovered from
Aifferent organs of one And the same pig gave Virtually identical chromatograms The strams 1solated
from dhiree human beings had a chromatographic pattern which was idenucal with one of those
produced by the poraine strams The present investigauon indicates that the gas chromatographic
analylc technique used differentiates bacter:a Within the M avium intracellulare comples without
assigAng the orgamsms to Spectes

Key words A
aves

avium

complex gas il deniva

é Larsson Instmute of Medical Microbiology University of Lund Solvegatan 23 § 223 62 Lupd
weden

Recoived 22xu 78 Acceptad 22179

Mycobactera belonging to Runyon's group I1f

consite & group of non photochromogensc.
slowly growing orgamusms which are virulent for 2
Wide range of animal species and man (2 3 5 6 9
13 19-2) 26) The m

GC has been employed on mycobacteral fatty agids
0} 45 22-24) denvatized whole-cell constituents
(10 14) and pyrolysis products of Iyophilized
inycobmenal oells (16 17) Mycobacteria may be

ifferentiating some of the mycobactersa within this
£roup are highlighted by their designation as » the
Msycobactersum ovium wmracellulare complex 3

@vtum cOmplex « and savium hke stras 3
1819 23 25 26) @ 1

Gas chrnem -

J owacua

0 a species level by the chromato-
graphic patterns so obtamed Intraspecies differen
©es have also been demonstrated (16 23)

The present nvestigation was undertaken 1n
order 1o study straing belonging 1o the M ovim
ttraceifulare complex by means of GC analysis of
tnifluoroacety] (TFA) derrvatives of wholecell me
thanolysates GC analysis 15 considered to be a tool
with which to differanuate these mycobactersa



MATERIALS AND METHODS

Microorganisms

The study comprised nineteen strams 1solated from
kidneys liver lungs and Iymph nodes of 16 ptgs and
found to belong to the M avum intracellulare complex
by biochemical and growth chromogentcity testing and
by virulence tests i chicken (1) Sampling sites and
designation of the strawns studred are shown 1 Fig 2 In
addition one reference stramn of porcine ongin {4 avim
NCTC 8551) and three human 1solates belongtng to the
M avam mtraccllulare complex (kindly supphed by Dr
A Huckman SBL Stockholm) were analysed Two of
the latter strats were recovered from children with
lymphadi and the from a chid wuh
osteitis

Serotyping of the 23 strains studied was made in
order to differentiate strains belonging to A avium
(serotypes 1-3) from strains of M nrracctiularc The
procedures were perforated according to the method of
Schacfer (20} The three sera used were kindly supplied
by Dr J Aenncth McClatchny (National Jewsh Hospual
and Research Center Denver Colorado USA) and
represented Schaefer s serotypes | and 3 (utres | 160—
320) and 2 (1 80~160) Four of the 20 porcine stramns
belonged to serotype 2 and 9 to serotype 3 (Fig 2) Nine
of the stramns including the three human isolates did not
aggluunate any of the three sera used and one stramn
showed spontancous agglutination Thus the serotyping
supgested that 13 of the 23 strains befong 10 3 mvinm
and the remaiming strains except one belong to A
ntraceliutare

Cufture Techmgue

Each of the strains exanuned was cultured on two
slants of I owenstein Jensen medm for 20 days at 37°C
before moculaton to 100 ml of Proskauer Beck
medium {Difco) These latter cultures were tncubated for
30 days at 37°C One of the porcine strains was
moculated into s1v ahiquots of Proskauer Bech medium
and used i reproducibility tests The broth cultures were
autoclaved and centrifuged at 4000 rev/mn for 20 min
The deposits were washed twice tn distilled water before
betng [yophulized Prior (o use the bacteria were stored
under gaseous mitrogen at —20°C When tesung i

transferred to a | ml glass tube and concentrated 1o
dryness after which ethy! acetate (20 ph) and trfluorea
cetic anhydride (S0 ul) were added After heating a1 80
°C for 5 mn followed by 20-30 mm at room
temperature 1=2 yl of the sample was injected 1o the
gas chromatograph

Gas Chromatographn

The apparatus and GC conditions used were those
described previously (10) In all experiments a 3t
OV 101 stationary phase on Chromosorb W HP 80-
100 mesh was used The temperature of the column %as
programmed from 80 to 280°C ustng a temperalure
ereaseof 6 mun !

Test of Reproducibilin and Proccdures of Mamenical
Anahsis

A \arian chromatoeraphic dita system {CDS 101}
was used for calculation of peak areas The sundard
deviations of the areas of s1x magor peaks present i the
chromatograms of all strains studied were determined by
analysts of the six different cultures of one of the stra n
The mean values of the major peak arcas were calculaied
from duplicate cuftures of each of the 20 porcine steains
tested These values Were used for cluster analysis (7}
based on Euclidean distances (4)

RESULTS

GC Elution Profiles

All 23 strans studied ytelded symilar chromato
graphic patterns although quantitative differences
could be distinguished as regards the areas of certam
peaks present m all chromatograms (Fig |
Particular interest centred on st of the peaks with
approvimate retentton times of 4 5 (retention iy
related to the nternal standard © 35) 75 (0 38)
185 (142) 215 (165) 220 {169 and 225
(1 73) min These peaks marked a tof and that of
the nternal standard {s) representng tridecanoic
actd methyl ester constitute the major peaks the
chromatograms On visual examation five dis
unct chromatographic patterns could be distit

gushed

i NCTC 8551 bacteria from a previous pr
were used (10)

Preparanon of Bactera for GC
1~2 mg of the lyophilized cclls was transferred 0 0 5
ml glass ampoules and dried overmight with phospho
rous pentoxide in a vacuum desiccalor 100 ut of
1t hexane contamnmg 0 18 mg of ndecanoic 2od »was
added as an tateenal standard and the sample was
mmentad 10 drvpess by a Stream of dry m\rog’:‘xzy

¥
oules were then sealed Ly v » & »
‘ar:eoi:): at 30°C for 1S b After centnifugation (1000

rev/mm for 15 mmn) the supernatant flud  was

Repr chr of these fne
groups are shown i Fig 1 Groups A Band Care
characterzed by approuimately equal @ and b peak
sizes but relative heights of peaks df wese
different Three of the porcine strains produced
chromatograms of type group A Which weré
characterized by a larger e than d peak Group B [£]
strams) had a larger f than & peak and $he
chromatograms of group C (] stram) had a larger d
than f peak In groups D (12 stramns) and EQ
strain) the relative distributions of the sizes of peaks
d~f were simular to those of group B though witha
targer (group D) and still farger (group E) peak &
than peak a respectively
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Fig 1 Five differens chromatographuc patterns obiamed
by g oy analysis of

The three human strams all produced chromato
grams of type group D

Reproducibiliyy of Chromatograms

Analysis of one of the strains belonging to group
D fstram 22) which had teen culiured on st
aliquots of Proskauer Beck medum revealed that
the standard deviattons of the si¢ THajor peak areas
were 087 (mean relauve peak area 15%) 074
{43%) 047 (20%) 044 {7%) 055 3%) and
075(12%) respectively Chromatograms obtained
from the two analyses of each stramn tested were
always superimposable

Cluster Analysis

Fig 2 shows a phenogram based on the mean
peak areas of the six major peaks obtaned from the
two analyses of each of the 20 porcine strains
studied At an amalgamated distance between 4 6
and 8 7 (dotted ltnes 1n the figure) the strains could
be separated into five groups (A~E) corresponding
to those observed by visual exammation of the
chromatograms  Differences between the strains at
a lesser distance couid not be related to any distinct
differences when the chromatograms % ere compa
red visually

Chromatograms of groups A B and D all
contained strains of different serotypes Orgamsms
withm A and B belonged to M aswm while group
D contained both W avium serotypes 2and 3 and
M miracellutare

Strains 1solated from different organs of one and
the same pig all betonged 1o Af avium serotype 3
and were chromatographically tdentical at an
amalgamated distance of 4 6 (Fig 2}

DISCUSSION

Mycobactenia of the M avium intracellulare com
plex are the cavse of infections affecting mamly
birds and mammals (3 5 19 21) They usually
cause local imfections although cases of generalized
infections do occur In many countries infections
with these organisms which respond poorly to

chemotherapy are responsible for serious economc
1os5Ae 1 tha o

bel ‘

are v wow bt transmitted by ammals {5
However the unsatisfactory means of differentia

whole-cell methanolysates of 23 strais belonging o the
M) cobacter wm avium intraceltutare complex See text
for explananon of symbols a—f and A-E s - mrernat
standard of tridecanore acid methyl estec

1ing these 1a is one obstacle to

logicat studies In order to elaborate moreep lrd:l:lx;l)e
and Tapid charactenization techniques than those
obtained by pathogenicity and growth chromogen;
ity tesung rmmunological methods and analveis af



serotype 2 2 3 2 3 3 3 32 - a -
s#mpting site K1 R SL SLSL SL SL [ LUSL 1) &6y
estgnqimpling | LUSL SL 2y 52 SL KT LULL St
nal of 1um° 2 R 32949 5 50 17 47 21 22 34 33 3027 20 91 wn

Amsigameted distance

Fig 2 Phenogram obtained by cluster analysis of mean values of six promuinent peak areas from gas chromatograms
of analysis of 20 porcine stramns belonging to the Afycobacterium avium wiraceliufare complex The reslss of
serolyping using antisera to serotypes 1-3 are indrcated Strans marked with (~) did not agglutmate any of the tree
antisera used while (A) expresses Strams d 2831 were all recovered from the same pg
Symbols for samphing site LU = Jung LL = lung lymph node SL — submandibular lymph node LI = lwver M

< kidney and R — reference stramn (NCTC 8551) Numerals express the designaton of the strams tested

d ble ch huc patterns (10) The

the cellular lipids by 1hin layer ygraphy
(TLC) have been employed However some strains
yield indistinct TLC patterns which are non
mterpretable (»non typeable) even when large
quanuties of bacteria are wsed (1 2 12} In
serotyping strains may fail to aggluynate avaiable
antisera while others tend (o autoagglutinate or
agglutinate sera of more than one serotype (2 5 19
26)

The value of GC n the differential diagnosis of’
mycobacteria 1s well documented (10 11 1417
22-24) We have previously carried out GC
analyses of both mycobacterial fatty acids and TFA

differences obtained 1n the present study between
TFA chromatographic elution profiles representing
various strains of A aium and M wmiracellilare
were as clear-cut as between those of the four
species tested previously The chromatographic
differences are therefore considered to reflect
defimte intraspecies differences tn the chemcdl
composition of the strams of the A aum
mntracel(ufare complex studied

The remarhable reproducibility of TFA chroma
tograms representing bactersal cellular consttuents
reported earlter {8 10)was confirmed i the present
m, The use of trd a0 25 miernal

derivaticed mycobactersal wholg<ell hanol.

tes The latter techmque was found to give
chromatograms providing more mformauon on the
chemical compoasttton of the bacteria studied since
also carbohydrates amalysed as TFA dervatized
methyl glycosides are included {8 10) Mycobacte
ral strams of the same species but solated from
different human mndividuals gave chromatograms
which were virtually identical while several freshly
1solated strains of the different species studed vz
Af Bovis stras BCG M hansasn and M tuberculo
sis and M avumt strain NCTC 85501 gave

standard was found valuable as a control of the
prevaiing GC conditions

A heterogeneity of cellular fatty acids of sarious
serotypes of mycobacteria of the Af avum
wracellutare complex as studied by GC has been
reported previously (23) even among strains of the
same serotype These findings were supported by
the present study Using the GC techmque ¥
atsiem could not be disungusshed from A mtrace]
futare On the other hand both species were found
to include organisms with a chemucal heterogeneity



which was comparable with that obtamned tn studies
on mycobacteria of different species

Ths study was supported by the Suedish Aatonal
Associanon agasnst Heart and Chest Diseases W e extend
grateful thanks to Dr Bo Gultberg for performing the
cluster analysts and 1o Dr Anders Guanarsson for
gusdance 1 the serological studies
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sampling site
designation of tl'.(no

Amalgamated distance

- A - < .3
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Fig 2 Phenogram obtained by cluster analysts of mean values of s promipent peak areas from gas chromatograms
of analysis of 20 porcine strains belonging 1o the AMjcobacterium asium imtraceliulare complex The results of
Serotyping ustng antisera to serotypes |3 are indicated Strains marked with (=) did not agglutinate any of the three

28-31 were all recovered from the same 8

antisera used while (A) exp

Strains

Symbols for samphng sste LU — lung LL = lung Iymph node SL = submandibular lymph node LI = hver K
= kidney and R — reference strain (NCTC 8551) Numerals express the designation of the strains tested

the celjular lipids by thin layer chromatography
{TLC) have been employed However some strains
vield mdistinct TLC patterns which are non
imterpretable (> non typeable«) even when large
quantities of bacteria are used (I 2 12) In
serotyping strains may fail to agglutinate available
antisera while others tend to autoagglutinate or
agglutinate sera of more than one serotype (2 § 19
26)

The value of GC 1n the differential diagnosis of
mycobactenia 18 well documented (10 11 14~17
22-24) We have previously carried out GC
analyses of both mycobacterial fatty acids and TFA
denvauzed my 1at whole-cell h ysa
tes The latter techmque was found o give
chromatograms providing more mformation on the
chemcal composition of the bacteria studied since
also carbohydrates analysed as TFA denvatzed
methyl glycosides are wncluded (8 10) My cobacte
nal strams of the same speaies but wsolated from
different Yuman méniduals gave chromatograms
which were virtually identical while several freshly

ramns of the different species studied viz
sis and M tuberculo

NCTC 8551 gave

1solated st
M bovs strain BCG M hansa

sis and M auum  stramn

distinguishable chromatographic patterns (10) The
differences obtained 1n the present study berdeen
TFA chromatographic elution profiles representing
various strains of M avum and M mraceifulare
were as clearcut as between those of the four
spectes tested previously The chromatographe
differences are therefore considered 1o reflet
definite intraspecies differences n the chemcal
composition of the stramns of the M auum
wtracellulare complex studied

The remarhable reproductbility of TFA chroma
v 1 nalt lar sonctituents

ot
nat

v
standard was found valuable as a contro} of the
prevailing GC conditions

A heterogeneity of cellular fatty acids of sartous
serotypes of mycobactersa of the A avum
wtracelfuare complex as studied by GC has teen
reported previously (23) even among strams of the
same serotype These findings were supporied by
the present study Using the GC techmgque 4/
avatim could not be distinguished from A sntracel
fufare On the other hand hoth species were found
to include h 1h

witha gEneity
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Extract was prepared by heat treatment (100°C 2 h) of bacteria of
aad preciputate (pH 2 5) of the extract was resolved by

material eluted wi
Cop » mod 4 tn

b .
et

preupiumogens Ine antgens of br 1 mcluded the
antibodies to these could be raised by immunization

Key words Neisseria

N gonorrhoeae stram BSS1 The
3 gel chromatography (Sepharose CL 65) 1nto

th the void volume {(Fr 1) and matersal retarded by the column (Fr 1D Fr |

heat stable agglutinogens of the gonococcus and
of rabbus with the Fr { matenial

§ A Mzland Department of Microbiology Regional Hospital

Trondheim Norway
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Antibody mediated agglutination of heated celts
of Gram negatnve bactera 1s referred 10 as Q
2gglutinaton  This designation accords with the
concept that the agelutination 15 caused solely by
antbody to the O anugen 1e thel, !

University of Trondherm N 7000

detection of both protein and L}
of the bacterium

This seport describes
designed to characterwze the

PS serotype antigens

the results of 2 swdy

{LPS) of the bacterrum Recenu:
Was questioned in the case of Ps,
mosa {3} In gonococct  LPS functions as an

agglutinogen (18) but 1n tests using heated cells of
¢ bactersa and antis

LPS was not the of

thermostable agglutinogens were present in the
bacterial heat extract (1)

The outer membrane of N' gonorrhocae cells ke

that of other Gram negative bacterta contatns LPS
and proteins (S 7)

e antigens of the gonocoe
cal heat extract Particutarly fraction contamming the
h 1 of the ba was
ly this assumption  studied
evdomonas acrugt
erum to whole bacterial cells MATERIAL AND METHODS
nly agglutinoten (1) All the  Stram

N gonorrhoeae straim

8550015} colony type T4
cultured and haryested Y peTd was

2s previously (1)
Freparation of Antigens

Thermostable ant,
the gonococcus was prepared as e
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Fig 3 Crossed immunoelectrophoresis (A) Fr 1
matersal dissolved 1n the NaD buffer and tested against
the anti Fr 1 serum dituted 140 (B) Fr Il material
dissolved in the elevirophorests buffer and tested against
the ants Fr Il serum dijuted | 12 Arrow 1ndicates the
precipitanon hine lost on absorption of the any Fr [T
serum with Fr [ Anode to the left.

SDS polyacrylamide gel electrophoresis showed

hat Fr 1 ennta nod as fance ¢« ~

Ol e major proten of both preparations was
60000 daltons Fr II contamed several proteins
When stained for carbohydrates all three prepara
tions showed a band with mobility shghtly higher
than that of cytochrome C

Immunoprecipitanon
e, o

s
1

€ vt U UL alloue w hen the antserum Was used 1n
more concentrated form At

separation of hnes 1 and
simlar pattern of Immunoprecipitates was gby

with the anu-Ge 8551 or any LiAp serumol\?lr:::
was formed when using anti Fr { seruym absorbed
wuh Fr 1 or with untreated o beated gonococe

that concentration
2 was not obtained A



precipitate was dissolved 1na 0 05 M tris HCH buffer pH
80 with 0 14 M NaCl Up to 30 mg of the materzal (10
mg per m]) was passed through a column (2 5 % 80 cm)
of Sepharose CL 6B {Pharmacta Fine Chemcals Upp

sala Sweden) stabilized and eluted with the tris HCl
buffer at a flow rate of 0 2 ml per min Fracuons of 6 m!
were collected and monitored at 280 nm Peak fractions
were pooled dialysed agamnst water and lyophilized The
void volume of the column was measured with Blue
Dextran (Pharmacra)

Lithtum acetate preparation (LIAF) The preparation
method used was as described by Johnston et al (7)
Briefly whole gonococcal cells were extracted with 0 2
M lithium acetate pH 6 0 with 0 010 M EDTA The
high molecular weight material (LIAP) of the extract was
isolated by ultracentrifugaton and gel filtravon
(Sepharose CL 6B) as reported previously (7)

Lipopoh saccharde (LPS) and detcrmnants 2 and b
LPS was extracted from bacterial whole cells with
phenol water and punfied by ultracentrifugation (i1)
The carbohydrate deternunant g of LPS was prepared as
described previously (15) The proten determinant b of
the gonococcus was prepared by extractton of bactenial
whole cells with alkah (10)

Scrological Mcthods

Crossed immunoclectrophorests (CIE) CIE was per
formed essentially as described by others {21) Agarose
(Lstex Glostrup Denmark) 1 per cent was prepared in
veronal tris buffer pH 8 6 (4 5 g of veronal & ¥5 g of
tris 0 108 g of Ca tactate 0 128 gof N azid per 1000 mi
H0) and the electrophoresss run tn the same bulfer
Matersal was dissolved in the veronal tris buffer or tnan
endotoxin disaggregaung buffer (NaD buffer) containing
Na deoxycholate (8) and 025 mg was applied to the
antigen well The antibody contumng gel was mixed
with suitable dilutions of rabbyt antserum  \fier
clectrop oresis the gels were processed and stamned for
protems with Coomassse brilhiant blue {20)

Immun wdiffusion The test was performed as described
previously (3) using double diffusion shdes prepared
with | per cent agaros¢ 1 PBS The wells were filled
with 0 15 mg of the anugen (10 mg/ml) dissolved tn the
NaD buffer or with undiluted antserum The gels were
stained for proteins with Coomassie brilhant blue (1Y

Bacteral agpfunnaty LSt The tetre of the antiserum
against heated cells of the Lonocowcs was determined
echnique described previously 1))

Indircet hacmagglunnat <n Sheep erythrocytes were
sensitized weth determunant ¢ or b as reported earhier
(11) The haemagglunmuon sssav was performed as
describel previousty (L1} except that mucroutre equip
ment {Coohe Laboratory Products Alehsandria Y irgt
a) was used and the results were recorded by
observing the pattern formed by the sedimented erythro

cytes
Abst rpuon of aalscruy

using the

n Antisera were absorbed with
untreated ot heated gonococel as reported previousty (I:!
Absorption was preformed with 20 mg of the :{c;l
precipitate of the heat extract of 10 mg of the m:ul lof
eluted from the Sepharose CL 6B column per m

undiluted antiserum The muxtures were kept at 4°C for
24 h and centnifuged at 12000 x g for 15 min afier
which the supernatant Nid was examned

Other Meihods

SDS polyacry lande gel electrophoresis Electrophore:
s1s was performed as described by Jb eber & Osborn s
using 10 per cent {w/v) acrylamide and 01 per cent
sodium dodecy! sulphate (SDS) in a 0 1 M phosphatt
buffer pH 70 (19) Samples (5 mg per mD) wer
ncubated for 2 h at 37°C i 001 Al phosphate buffes
contaming | per cent SDS and [ per cent
mercaptoethanol and 40 pl was apphed to the gl
Cytochrome C (12500 daltons} chymotrypsinoget
(25000 daratons) bovine serum atbumn (67001
daltons) and aldolase (158 000 daltons) purchased fron
Boeringer Mannhem Vest Germany weré used &
standards The traching dye was bromphenol bloe ST
was removed by repeated washmgs of the gelswih 75
cent acetic acid before staning for protems Wi
Coomassie brilhant blue (19) or for carbohy draics wid
Alcian blue (9)

Tmmue ation: Rabbir antserum 1
cells {anti G 8551) was obtained as v
(1) Lyophilized matenal from the bacterium was susped
ded 1 PBS (1 mg per ml}and used for immunization o
rabbits one dose being injected each weeh Doses of b1
08 and 0 8 mg were injected itracuaneously 2nd the
| mg intramuscularly unul tesung of serum by baceen:

and showed satisfactor
antibody response The antisera obtarned were 6o g
wd 2y Fr 1 Fr 1l and LiAP according 1018

preparation used for immuntzation

0 whole gonoco &
n a prevous stud

RESULTS

Fractionanon and Gel Electrophoresis
Acidification. of the heat extract of the gonoa
cus fo pH 2 5 resulted i precipitation of approv
mately 50 per cent of the extract paterial Whe
this matenal was used for absorpion of the ant
Ge 8551 serum all antibody activity detectable
the bacterial agglutinauton test Wwas  Temoved
Matertal of the supernatant fluid after the act
precipitation had no such effect

Gel filtratton on a Sepharose CL 6B colum‘
resolved the acid precipiate into matenal (Fr
aterial (Fr 1

eluted with the void volume and m:
retarded by the column (Fig 1} Al
LiAP showing absorbance at 280 nm elu
void yolume of the column

The Iyophilized Fr 1I matersal
n water or buffers without a detergent Fr
reaterial was soluble m the NaD buffer but was onl;
partially soluble i buffers without 2 detergen!
L1AP dissolved poorly even mn the NaD buffer Th
preparation was therefore urfit for use as antigen y
serological tesung

he matertal ¢
ted at th

dissolved readil
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Fig 2 SDS polyacrylam de ge! electrophoresis of Fr 1
(1) LIAP () Fr 11(3) and protein standards (4) The
gels were sauned for proteins with Coomassie britliant

blue Arrow (nd cates a prote n band 1n LeAP not vis ble
on photogrash
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Fig 3 Crossed immunoelecrophorests (A} Fr 1
matersal dissolved 1n the NaD buffer and tested agamst
the ant Fr 1 serum duuted 140 (B) Fr 11 matersal
dissolved 1n the elevtrophoress buffer and tested against
the antt Fr 11 serum dluted | 12 Arrow indicates the
precip tation hine lost on absorption of the ant Fr 11
serum with Fe [ Anode 1o the left

SDS polyacrylamide gel electrophoresis showed
that Fr I contained at least sty protens (Fig 2) and
LIAP at least four protemns all of whuch correspon.
ded fo protem hines 1 Fr I The molecular weight
of the major protein of both preparauons was
60 000 dajtons Fr I contamned several proteins
W hen stained for carbohydrates all three prepara
tions showed a band with mobility sightly higher
than that of cytochrome C

Immunoprecipitaion

CIE westing of Fr [ against the anta Fr { serum
showed the d of the
1and 2 (Fig 3A)} A third precipitate was observed
close to the 2node when the antiserum was used 1n
more concentrated form At that concentration
sepzration of lines 1 and 2 was not obtaned A
similar pattern of smmunoprecipitates was obtaned
with the ant-Ge 8551 or anti LLAP serum No hine
was formed when using anu Fr 1 serum absorbed
with Fr 1 or with unireated or heated gonococey
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Fig 4 Immunodiffusion 1n agar gel Fr I material
(central well) tested agamnst ant Ge 8551 (1) Fr 1(2)
LIAP (3) and Fr I (4) The ge! was stamned with
Coomassie brilliant blue

3

~.

4 ~

When this antiserum was absorbed with Fr 11 or
LPS precipnate 2 was no longer demonstrable

Several precipitation lines developed when testing
Fr Il against the antt Fr il serum (Fig 3B) When
the anuserum was absorbed with Fr [ or LPS one
of the lines was no longer produced (see Fig 3B}
Absorption with bacterta obviated the formation of
all except one precipitate located at the borderline
between the upper and lower gels

In the agar gel diffuston test antu Gc 8551 Fr
I and L1AP showed stmuar precipitation hne pat
terns when tested against the Fr I matertal (Fig 4)

Indirect Haemaggluunation and Bacterial Aggluy

nauon

Aggluunation of erythrocytes sensitized with the
determinant g or & was obtained with anti Ge 8551

-Fr I and Li1AP (Table I) Anti Fr [l showed
anubody actwity aganst determunant a but not
agamnst & Corresponding pre tmmune sera showed
titres less than & agamst these antigens In

TABLE 1 Turc of Annscra Tesicd Aganst £nyvihrociics
Sensii-ed with Determinant a or b

-

Determinant
b

Antiserum a
- -
Anti Ge 8551 2?2 Igf
Amn Fr { f’S o
Aot Fr 1! 64 <8

Ant AP

TABLE 2 Tutre i the Bacicrial Agghunnation Test of

Antisera before and afier Absorption with Fopus
Materials

Material Anti

used for

absorption Ge 8551 Frl Fll Lap

—_—

None 256 256 64 84
Gonococet <8 <3 <8 <8
Frl <8 <8 <8 <8
Fril 64 64 <8 3

agreement with these results anubody 10 the
determinant @ or b was removed by absorption of
antt Ge 8551 with Fr 1 Absorption with Fr 1|
removed the antibody to @ but not to b

All the antisera exammed aggluunated the
gonococct (Table 2) Agglutination Was not obser
ved after absorption of the antisera With bacterts or
the Fr 1 material Absorption with Fr Il or LPS
removed the aggluttmns from the anu Fr 1l serum
but not from the other anusera

The titres of the antisera were only msigmficamfy
affected by absorption with LIAP probably due to
its nsolubtlity n the PBS serum muature

DISCUSSION

The acid precipitate of the gonococcal heat extfact
was separated by gel filtraton into matetial
excluded by a Sepharose CL 6B column (Fr 1) and
material retarded by the column(fFt (7 S
fractions contained several proteuns and at least ohe
polysacchande CIE tesung showed that Fr i
contained two domunating highly heterogeneols
precipitinogens 1 and 2 and at least one additional
precpitinogen The results of testing using absorbed
anuisera indicated that precipiinogen 2 of Fr 19as
present also i Fr II and that this antigen
corresponded 10 LPS of the bacterum  The finding
of LPS both as part of the heavily aggregatéd
materal of Fr I and as part of the unaggregated
matenial of Fr Il is i accordance with the
observations reported by Johnston and may be
related to the composuon of the elution bulfer (6

LPS from gonococct may be associated with
varying amounts of protein W hen prepared by the
hot phenolwater method LPS contaned very hitle
proten (16 17) while prote:n dominated the LFS
contamng complex obtatned with aqueous ether
(13) This latter preparation contamed the carbohy
drate determmant a of LPS



determigant b (12) both originating from the
bacterial cell envelopes (13) Tndirect haemagghutt
nauon testing 1 this study showed that Fr 1
contained @ and & Thus heat extraction like
aqueous ether extraction resulted 10 the release of
20 LPS which was closely associated with proteins
n fugh molecular weight aggregates The @ deter
mmant must be lnked to precipitinogen 2 sincé line
2 did not develop on CIE testing of antscrum
absorbed with LPS The b determmnant may be
linked to precipiunogen | but as yet this has not
been established

Fr 1 contamned components of the outer mem
‘brane of the gonococcs as mdicated by the derechion
of LPS which 15 2 major outer membrane marker
and by the resutts of comparauve anatysis of LAY
that has been considered to be a representative
preparaton of the owter membrane (6) All the
LIAP protesns detected by gel electrophoresss anda

) es ed 10

nic speaifiaty has been demonstrated by the
bacteriat agglutmation 1est UsIng heated BONOCOSCH
(1) The relationship between the serotype aggluty
nogenls) of the bacterium and the anhigens of Fr 1
and the possible use of antisera to thrs fracuon in
type classification of gonococn deserve clanfica-
tion

This work was supported by grants from The Morw egian
Research Council for Science and the Humomhes
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g« lmmunodiffision 1n agar gel Fr [ mateya)
(centra) well) tested agamst anti Ge 8551 (1) Fr 1)
LIAP (3) and Fr [f (4} The gel was stamned With
Coormasste brillrant blue

-~

When this antiserum was absorbed with Fr 11 or
LPS precipitate 2 was no longer demonstrable

Several precipitation lines dexeloped when testing
Fr Il against the antt Fr I serum (Fig 3B) When
the antiserum was absorbed with Fr [ or LPS one
of the lines was no longer produced (see Fig 3RB)
Absorption with bactersa obviated the formation of
all except one precipitate located at the borderling
between the upper and lower gels

In the agar gel diffusion test anu Ge 8551 Fr
I and L1AP showed stmular precipttation hine pa
terns when tested against the Fr I matenal (Mg 4)

Indirect Haemagglutination and Bacterial Aggluti
nation

Aggluunation of erythrocytes sensiuzed with the
determinant a or & was obtained with ant: Ge 8551
Fr I and LIAP (Table 1) Antr Fr II showed
antibody acuvity against determmant a but not
agamnst b Corresponding pre 1mmune sera showed

titres less than 8 agamst these anugens In

TABLE | Ture of Antiscra Tested Agamnst Erithrocy s
Sensuty e with Determnant a or b

S

Determnant
Antserum M
e
Ant Ge 8551 sgz Jé‘;s
Amufrd ]28 u
Antt Fr 1 28 <3

Anu L1AP

TABLE 2 Turc in the Bacterial Agglutinanon Test of
Antiscra before and  after Absorption with barious

Matcrals

Matersal Antt

used for

absorption Ge 8551 Fr I Frll Lap
None 256 256 64 64
Gonococct <8 <3 <3 <8
Fri <38 <8 <3 <8
Fr Il 64 64 <3 R

agreement with these results antibody to the
determmnant a or b was removed by absorption of
anti Ge 8551 with Fr I Absorption with £1 #f
removed the antibody 1o a but not to &

All the anusera evamined agglutnated the
gonococer (Table 2) Agglutination was not obser
ved after absorption of the antisera with bacteria or
the Fr I material Absorption with Fr 11 or LPS
removed the agglutinins from the antt Fr {1 servm
but not from the other antsera

The titres of the antisera were only msigmificanty
affected by absorption with LIAP probably due to
us ymsolubtiity 1n the PBS serum muxture

DISCUSSION

The acid precipitate of the gonococcal heat extract
was separated by gel filtravon into materil
excluded by a Sepharose CL 6B cotumn (Fr 1) and
matertaj retarded by the column(Fr I} Both
fracuons contaned severa) proteins and at Jeast on¢
polysaccharide  CIE testing showed that Fr 1
contamed two domunmatng highly heterogeneous
precipitmogens ] and 2 and at least one additiona)
precipitinogen The results of testing using absor!
antisera indicated that precipitinogen 2 of Fr [ was
present also in Fr II and that this antigen
corresponded to LPS of the bacterium The finding
of LPS both as part of the heavily aggregated
matersal of Fr 1 and as part of the unaggregated
matenal of Fr I 15 m accordance with the
observations reported by Johnsion and may be
related to the composition of the etunon buffer (6
LPS from gonococcr may be assocrated with
varying amounts of prote;n W hen prepared by the
hot phenolwater method LPS contained sery lutle
proten (16 17) whde protein dominated the LPS
containing complex obtained with aqueous ether
(13) This latter preparation contained the carbohy
drate determunant @ of LPS and the proteint
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DESTRUCTION OF TOXOPLASMA GONDIT
BY HC1 SOLUTION
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It as shown that the destruction of Toxoplasma gondit by pepsin HC solution was due to the acid
only Endozoites were destroyed faster by acid than F

were stained faster than cystozoites in an alkaline soluuon of methylend”blue For this reason

endozortes were assumed to have a higher

acd was used for of

after moculation of virulent parasites
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in 1960 Jacobs e1 al described a method for the
ssolation of Tovoplasma gondu from chronscally
nfected amimal ussue The tissue was moubated at
37°C 1n a pepsin HCI solution It was found that
the integraty of cyst walls was destroyed 1mmedia
tely on contact with the digestive sofution The
released cystozontes (Hoare 1972) were found to be
infective after mcubation for two hours whereas
endazontes (Hoare 1972) were destroyed  after
incubation in pepsin HCH solution for 30 minutes
Consequently the action of pepstn HCI solution
which was thought to be due to the enzyme became
2 means for distingusshing betw een endozoutes and
©vstozottes (Rermngron et af 1960)

As endozoites survived incubation with trypsin
for at least three hours Uacobs er af 1960) it was
considered of mierest 10 see 1o whar extent

hydrochloric acid mfluenced the destruction of these
Parasnes

ted nAvirulent parasitesa wuf not kill the mice
unless a laree Rumther nf ~*~1sites 1s moculated

than The action of
n mouse cavity No were found
Statens DK 2300 C s
MATERIAL AND METHODS

The parasites used in this 1vestigation were of four
different strains of Tovoplasma gondi The virulent
straas 119 and RH killed all the mice mocutated The
parasites were obiained from mouse periioneal caviry
four days after moculauon of 40000 five days after
woctlation of 20 000 and seven days after 1noculation
of 100 endozoites

Avirulent parasites of strains 178 and DUE were kept
n mice by passage of mouse brains contarming ussue
cysts The bramns were washed with sodrum chlorde
solution and incubated with pepsin HC soluton After
about five minutes at 37°C the brams were comminu
{ed with aspatela and the suspension was neutralized by
adding mine volumes of phosphate buffer Coarey
particles were allowed to settle and the supernatant flud
containing the cystozoites was centrifuged at 500 x g for
IS minutes The sediment ®as suspended m a smal
volume of phosphate buffer and moculated into mice
each mouse recesving approumately two million cysto
zoues  Endozoites were harvested from the mouse
pertioneiim caviy for imsesugation of acd abliey

For investigation of acid fabulity and stamability wah
methylene blue eystozoutes were purifiog by adding 10






TABLE 2 Destruction of Avirulent Parasites

Stramn DUE
SamDUEW  SmmDUE(S)  Suwam 178()  Suam178() e O
Time 10 m HC) m HCH 1 pepsin HCH m HC 1 pepn HC1

minutes RT RT 371°C 319C e
01213 0141 01570 11410 51070
® of0/s 01372 0570 07312 5/0/0
90 0/0/5 07174 130 0741 s/0/0
120 0/0/5 010/ 07213 o774 5/0/0
150 o/0/5 01078 01075 07015 51070
10 0/0/5 0/0/5 51070

“umbers in brackets indicate which day after inoculation the parasites were harvested
Figures 1ndicate the number of mice died /infected/not infected (determined by the dye test}

RT means room temperature

were noculated with acid treated parasites After
two weeks blood was taken from surviving mice
for examinauon by the dye test All the mice died
when noculated with stram DUE cystozottes even
after sncubation 1 pepsin HC1 solution for three
hours

Fig 1 shows the destruction per unit ttme of
parasites incubated wn HCl solution at room
temperature The figures were obtaned from direct
metoseopical counts of parasites surviving the
mcubation Curve A represents the destruction of
parasties obtaned from mouse perttoneum vty
four days after 1noculation of stram RH endozontes
Examunation of parasites harvested seven days after
tnoculation of the same stram showed an 1dentscal
rate of destruction

Cune B n the figure shows the destruction of
Parasttes harvested four days after mnoculation of
strain DUE cystozoites Atmost identical rates of
destruction were obtained with parasites harvested
SIT days afier moculaion of the same strain and
with parasites harvested seven days afier imocula-
tion of stran 178 cystozones

Curve € 1n the figure mdicates the rate of
destruction of stram DUE cystozoites m HCI
solution This was drawn on the basis of the result
that half the cystozontes were destroyed after
ncubation for 150 minutey

The number of parasites found by the method
described abave was multyplied by s.yx m order to
obtain concentration of

Endozontes of strain RH were completely staned
by methylene blue within one mnute of contact
Cystozoutes of strain 178 did not take the stayn unty)
30 munutes after contact with the dye Only after 60
minutes of contact were these parasites stamed
completely

100

50

PER CENT DESIRUCTION

¥ 0

fig ! Desrucuon of Toxoplosma gong,
s:luuon 2t room temperature
= Strain RH endozones B = g,
= Siram DY
€ = Strain DUE cystozontes " DUE endoiones

MINUTES
1 HC)



were aggluttnated and these were sedimented by
centrifugation at 50 x g for 10 nunutes The cystozontes
were sedimented by centrifugation at 500 x g and washed
once with phosphate buffer before use

Strams 119 and 178 were described tn an earlter
publication (Pettersen 1977) Strain DUE was isolated 1n
1958 from a pidgeon (Sum unpublished) and has since
been kept 1n mice by passage of brain tissue once or twice
a year

The destrucuon of Tovoplasma gondu was avestiga
ted by adding the same volume of a parasite suspension
to a number of tubes The volume was adjusted so that
each tube contaned approvimately 100 000 parasites
The tubes were centrifuged for 10 minutes at 500 x g the
supernatant Liquids were removed and aliquots of 0 1 ml
of either pepsin HC1 solution or HCI1 solution were
added The tubes were incubated for different times after
which the contents were neutralized by adding 09 ml
ahiquots of phosphate buffer The content of each tube
was 1noculated 1nto five mice

The destruction of Tovoplasma gondn by HCI
solution was also investgated by direct count of the
parasites remaining in a suspension at different imes At
zero ttme the suspension was made by surrng five
million parasites into 05 ml of HCI solution At
ntervals of one minute 25 pl of the suspension was
pipetted mnto 225 pl of phosphate buffer and 10 p of the
neutral suspension was placed on a shde The number of
parasites appearing across an 18 x 18 mm cover ship was
counted using a field diameter of 0 37 mm

Staining of Tovopl pondit was tigated by
mixing a suspension of the parasttes with an equat
volume of @ 2 per cent methylene hlue 1 horate buffer
pH 11 (dagaard 1960)

Rabhit antimouse tmmunoglobultn was prepared
from serum of immunized rabbuts (Pettersen 1967) by
adding 25 per cent by weight of ammonium sulphate and
surning The precipitate was washed once with 25 per
cent ammonwum sulphate solution and dissolved in
delonized water The sofutton Wwas sudmired’ @ colfumn
dualysis (Pettersen 1972) first against delomized water

and then against sodum chloride solution The Fry
volume Wwas approumately 10 per cent of the serup
used

The mice used 1n this work were of stram A67 bred g1
Statens Ser At tme of they
weighed 18-20 g Serum from muce stll alne tho weeks
alter noculatton was investigated for specific antihod s
by the Sabin Feldman dye test (1948) (dagaard 1960)

The HCI solution contamed 7 mi of concentraty
hydrochloric acid and 5 g of sodwm chloride per | e
(acobs e al 1960) When required 3000 unts of
pepsin (Stgma No P=7012} were added per m! of HC|
solution

Sodum chloride solution was 0 15 M with respect to
sodium chloride and 0003 M with respect to sod vy
azide

The phosphate buffer was 005 M with respect to
sadium phosphate 01 M with fespect 10 sodum
chloride and 0 003 M with respect to sodum ande The
pH was adjusted to 7 4

RESULTS

of virulent tn HCI soluton
gave the results shown mn Table | The numbers 1
brackets indicate the day afier moculatton on % huchy
these parasites Were obtained from the mous¢
peritoneum cavity The results show the number of
mice that died survived with a posttive dye 1t
ttre and survived with a reciprocal dye test tift
<10 Five mice in each group were inocufated with
the acid treated parasites Four weeks later et
were no survivors with a positise dye fest ttre
Most of the infected mice died within 12 dys
Simular experiments with avirulent parasttes gane
the results shown in Table 2 Agam the parasiey
w ere obammed fror mouse peritonenm cavity onthe
day indicated mn brackets Five mice each group

TABLE U Destruction of Varulemt Parasties

RH strain {4} RH strain (7) Stram HO (5}

RH stram {4) My
Time in 1 pepsin HC1 m HC wnct  m
minutes RT 370C RT 371°C RT T
5/0/0 5/0/0
(ls) 5/0/0 5/0/0 5/0/0 5/0;? 57070 5/0/0
2 4/0/1 41071 370,
;(5) i;gfl 5/0/0 4/0/1  4/0/1 5/0/0 3012
0/0/5 010/5  6/0/S
» g;g;: 0/0/5 0/0/5  0/0/5 0/0/5 0/015
zg 0/0/5 0/0/5 0/0/5 0r0/5

Numbers in brackets 1nd:
Figures mdicate the numbel
RT means room femperature

han ested
te which day after noculatron the parasites were
lmr of mice died/mfected/not 1nfected (determined by the dye test)
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DNADNA bybridizauon s a reliable mehod fos d
bacteriat strains The hybridizaton kanetics for DNA from different slowly growing mycobacte;

the I hi

between
T were

measured opucally in a spectrophotometer The results indicate thas 3 tuberculosis and M boyys belong

 one Species 4f qvrum and M smiracelistare ate aa s

smraccllulare acaally belong o \ avium

hey words Nucleic acid ds

pecies but same serotypes now designated 4

Lassifi

Inga Baess The Tuberculosis De
Copenhagen $ Denmark

Rocowed 205018 Acoepted 16079

Much work has been carried out during the past
25 years with the aim of classifyng mycobacteria
BDoubrs and divergent opinions sull remain concer
fung the species status of a number of stramns
Measurement directly on gepeuc matemal s the
mast reliable method for deteymnation of bactenal
relatonships A bactersal genome  consists  of
thousands of genes and therefore testing of a smaly
number of critenia may not result in adequate
determimation of the relatedness of the genomes
Personal interpretation of results and varymmg views
25 10 how much weight should be aseribed 10 the
A idual characterssuc may add to the difficulty of

AMw ng ae o

[PXTI SO,

I3

Wineen them at The subspectes level
ResuMsne b chna —m vy

HIEE Paper remame e with D\NA rr.on:

pariment  Staiens Seruminstitut Amager Boulevard 80 DA 2300

slowly growing mycobacteria 1n particular from
M tuberculosis and M bovis and from A ayjum
and A niracelilare The significance of the
h A Tound 1s &

of hybnidization experiments at varying 1
Tes and the axonomic consequences are

by means
emperaty
discussed

MATERIAL AND METHODS

Bacterial sirans The strayns Used are shown sn Tables |
and 2

handied n the usual way

Deovsriboniucleic acud mvbrsd g The DNA was
used at 3 toncentration of 40 »2/ml 1 3 SSC 10 45 pp
sodium chivrde 0045 yy Lsodum Giteate piy 7) ang
5% formamde The Bybridizations were futtay na

v Lrouatmy
S¢1eclon  as mude pf three pairs of seains wigh 2 bhigh a



DISCUSSION

found 1n mouse peritoneum cavity seven days afyer
mnoculation of virulent parasites (Table 1) This is
4 with an earher report that Viruly

The present investigation of 7 gondu
confirms the results obtatned by Jacods et af {1960)
with respect to the different labilities of endozoites
and cystozoites 1n aruficial gastric juice As shown
1n Table 2, cystozoites were nfective for mice after
ncubation m pepsin-HC1 solution for at least three
hours whereas an equal number of stran RH
endozoites (Table !) were completely eradicated
after mcubation under the same conditions for 25
minutes
When the ifectivity of Toxoplasma gondy after
incubation at 37°C 1s compared with that at room
temperature (Table 1) the effect of pepsin which 15
assumed to be reduced at room temperature, 1s not
detectable Furthermore when comparing the infec-
inaty of parasites wncubated tn HC! solutton with
and without pepsin (Tables | and 2), the presence of
pepsin has no noticeable effect on the destruction
process Its effect 1s probably comparable to that of
trypsin and the labihity of endozoites should be
related (0 tncreased permeability rather than to
proteolytic susceptibility This was confirmed by the
action of methylene blue which diffused faster into
endozoites than tnto cystozoues
Fig | shows different rates of destruction for
endozotes of strans RH and DUE w hen ncubated
n HCI solutton Curve B was found to represent
the destruction of strain {78 endozottes also since
the virulence of that strain ss approximately the
same as that of strain DUE Thus 1t seems posstble
by the action of hydrochloric acid to distinguish
between endozoites with respect to their virulence
However the different rate of destruction shown
i the 1igure was too smal' 10 docoum br vk
differences shown 1n the two ftables This 1s
considered due to the presence of cystoxoites among
the endozoites harvested from1 mouse peritoneum
cavity after inoculaton of avirulent parasies The
cystozottes were too few for detection under the
nucroscope though they obviously were present on
the sixth and seventh day after moculation (Table
2) The presence of cystozores on the fourth day
post moculauon  when the parasites were only
shightly more resistant (o hydrochlonic acid than
virulent ones (Table 1) 1s possible 1 view of the
results of Dubey & Frenkel (1976) that cystozoites
are present 1n mice three days after snoculauon of

tissue cysts
In the present imestigation 1o cystozoites were

=3

Toxoplasma parasites do not form cysts in mics ang
rabbuts (Pettersen 1977) However caused 1y
parasites of the RH stramn have been obsened i
rabbit ussue culture (Shumada et al 1974) The
vitro formation of RH cysts occurred only i tpe
presence of speaific antibodies As there Was yy
indicatton in the present work that virulent parasite
are less antigentc than avirulent ones 1t 15 difficyy
to belteve that anubodies should be the sumulus for
cyst or cystozoite formation
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TABLE 2 Nomology Percentages betw een Infferent Species of My cobacsersa Determined by DNA DNA Hybridivation

M tuberculosis M bows M tuberculosts
Bactenal strain H37Rv wild strain wild strain
M wberculosis wild straim 990(42) H

A bovis witd stran 1023029 H

M bouis BCG Copenhagen 100420) 103001 8)

M kansasu ATCC 12478 0707

M avum serotype 3 wild strain 2766

M venopt SSC 989 19727

The results are the means of four determimations standard deviation 11 brackets
H indicates the results for DNAs from the same stram according to this method they are always close o 100%

TABLE 3 Homologs Percentages Determned by DNA DNA Hybrid:r auon at Different Temperatures

Bactenal strains

Tm-15°C

Tm-25°C Tm-3%°C A°CTm
M bows + At bo 15 BCG 1034 1029 1052 05
M Jortustum + M farcmogenes var senegatense 21 412 621 12

M wberculosss + M xenop 21 197 353 09
Tm Midpornt of the thermat d of the DNA 1 hyby solutions

8°CTm D ference m T measured et

DISCUSSION

iotenval between 90 and 52 Tryg mdicates the
relubility and objectsy 1ty of the method for determy

RBation of the phylogenetic relatedness of mycobacte

11a at the speces level

The fact that the difference 1 Tm before and after
hybriduavon 5 not arger regardiess of the
homology PeTCENtage must be becayse the bonds
achieved by this method are relatively heat-stable
This 15 niot 1n accordance ®ith the findings of Bren

ner et al (V1) where 3t would appear that the

fore and afier hybridization at Tm —25° C

thermal stability can be correlated with the percen
tage of unpaired bases This discrepancy is presu
mably due to the different techniques used The
particular composition of salt and formamide 1 the
Sofution fught have some influence (27) The
presence of homologous swngle stranded DNA
Which forms specific base pairs 15 probably more
important 1 this connection This aspect needs
further elucidavon

The results i Table 1 mdicate 2 solution of the
tavonomic problems within the socalled 41 avium.
M wtracellulare complex A homology Dpercentage
©of 96 indicates strongly that Af intracellulare Day;s
Serotype 8 belongs to the same Speces as Af avium
The other strams of As tracellutare Boone
serotype 12 Howell serotype 14 and Yandle
serotype 16 are ndistnguishable but they are
different from M ayiym Thus the stramns examined

ntracellulare Comprising the three



medim and a Jow h

Y
Hybridizatsons were made with DNA from lhe;e strains
at temperatures 10° C higher and 10° C lower than the
usual, and the stability of the hybnds formed at
temperature Tm —25° C was measured by determnation
of thesr Tm values

RESULTS

No homology percentages have been observed 1n the
interval between 90 and 52 DNAs with a
homology percentage of more than 90 are therefore
considered as belonging to strans of the same
speaes, and DNAS with 2 homology percentage
below 52 as belonging to strains of different species

This concluston 1s confirmed by the measure-
ments at three different temperatures, the usual Tm
~25° Cand at a 10° C higher or lower temperature
(Table 3) Hybrids with a high homology percentage
form more spectfic base pairs than hybrids with a
low homology percentage, as can be seen from the

TABLE | Homology Percentages betw¢en Different Species

& of the iomology g at the 10°C
higher hybridization temperature This decrease
d forah logy p of 103, butss

about 20% for homology percentages of 47 and 20
More non-specific base pairs Seem to be formed at
Tm -35° C.

Non-speaific base painng should lower the Tm
temperature of the hybnd, but this has not beea
found i these three cases at hybriduation tempera
ture Tm —25° C. This 1s discussed later

The results shown 1n Tables | and 2 are mean
values of four determmations, the siandard dev
tion {from [-8%) 15 shown 1 brackets

The strains of M avium and M intraceliviore
Table | can be divided clearly mto two groups one
conssting of M aveen and Af etracellulere Davis
and the other comprising the other M intracellulare
steans The A scrofulaceum stram 1s definutely
different from both A avium and M nitraceliulore
and A xenopr shows an even smaller refatedness
with the other three species

of Mycobacteria Determuned by DNA-DNA Hybridization

M onm M ntracellulare M mtracellulare M scrofulaceunt \f vencp

Bactersal strain serotype 2 Davis serotype 8 Yandle serotype 16, rcse 19073 SSC989
ATCC 25291 J 1868 Mark Robert
A avium sesotype |
ATCC 15769 0o
e o wses
M avium serotype 3 103846 2
wild strain
M antracellulare Davis 95927 95 300 6)
serotype 8, wild strain
M ’"”"‘fé"‘x’f;”ZH"w'” 519(49) 486035 938(26)
serotype 12,
)
M '""““"’i"%’cﬂg‘;’; 6 478(63) 503(51) 95120 04049 2501
serotype 14,
M intracellulgre Yandle 514075) 505046 H
serotype 16, Mark Robert
H
M scrofulaceym ATCC 19073 344(701
266(36 H

M xenap, SSC 989 24867

ur determunations standard deviation I brackets e 100%

fo!
The results are the means of
H idicates the results for DNAs from

{he same strain according to this method
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other serotypes of M intracellulare These results
support the proposal of Anz et af (2)that the strains
i the mtermediate group of M ntracellulare
actually belong 10 M avum and that two species
exist viz M avium and M antracellulare Such a
presumption was put forward already 1n 1967 by
Runyon (26)

The fact that M tuberculosis H37Rv has Proved
to be identical with a2 wild strain of both g
fuberculosis and M boyvis and with M bois BOG i
w correlation with Bradiey s (7 9) results of
hybridization with DNAs from the same spagies
This demonstrates clearly that classification of
bacteria on the basts of biochemical tests ang
virulence alone may not reveal they

Bradley & Bond (10} ikewsse found a homology
percentage of 48 between M avium and M intracel
lulare Magnusson (21) using sensitins  could
differentiate between M avium and M wtraceflu
lare but not between M avium and M intracellu
lare Davis (22) An~ et al (1) divided Af avium and
M tntraceliulare 1nto three groups on the basis of
serotyping and virulence for hens vz M mwmum
with virulence an intermediate group with varying
virulence and M iniracelfulare without virulence
Using sensitins Anz et af (2) could not distinguish
the mtermediate group to which M wracellulare
Davis belongs from the M asiunt group but the Af
mtraccliulare group without virulence could be
distinguished from Af av:um Serotypes Boone and
Yandle belonged to the A ntraceliuiare group In
therr study A & An- (23)
found that the majority of strains 1solated from
human beings with Jung affections caused by these
mycobacteria consisted of M auum and strans
belonging to the intermediate group An ecologrcal
study revealed that only these strains were found 1n
animals Strams belonging to the M ntracellulare
group were not ssolated from [iving organisms
Kubin er al (19) found their precipitinogen e only in
M avewm and ta A mntraccllulare strans belonging
to An et al s intermediate group Bennedsen (6)
was not able to distunguish between M avnm
serotype 1V and M mntracellulare Davis by means
of the direct flurorescence anubody reaction Eng
bak et al (12) have reported that M intracellulare
Davis resembles Af avium as regards virulence and
1ts ability to grow at high temperatures but that gt
resembles A iniracellulare in some other characte
ristics Tsuhaora & Meruno (33 34) psing a thin
layer chromatography method found that some Af
mtracellulare strains resemble M avium  Using
sumerical taxoriomy  distinction between A avzum
and M intracel{ulare has not been possible (31 32)
or has been dovbtful (17 18 24 35} Thoen et al
(30) could not find any difference between the
strarns by means of gas hqud chromatography of
their fatty acids

Studses of the DNA base composiuon of these
bactera offer no solution to the problem since they
do not achieve any differentiation (§ 28)

The homology percentages shown @ Table 2

indicate that a change should be made s the
designations of M tuberculosis and M bovis

phylogenetic relationship Hybridization at a tempe
rature which should reveal non specific base pairing
shows an unchanged homology percentage (Table
3) The base ratios and genome sizes are 1dentical
(5} Homology percentages between Af fubercujos s
and M avitim and M kansasu are m good
agreement with the findings of Bradley (3} apd
Gross & Wayne (14)

M bovis BCG has always been regarded as an
avirulent varsant of M bowis M bous has been
known since 1896 (29) when 1t was designated a
bovine tubercle baciljus It has been a subspecis of
M tuberculosis up to 1957 (25) and has first been
validly published as Af bovis 1n 1970 {16) It has
always been recognized that M boves was different
from A tuberculosts on the basis of virulence for
rabbits and by means of brochemical tests for
which reason 1t has been considered that it shoutd
have species status However the ndistinguishaby
Ity of the DNAs suggests that the one species 4
tuberculoss should be re mtroduced with subype
cles designations M tuberculosts M bous ¥ bous
BCG and perhaps Af africanum M tubercilosis
and M bovis cannot be distingushed on the basis of
theyr pathogenicity for man or by means of seastns
(20) Grmpl & Wers.ferter (13) and Jensen et al (5)
found no difference in the antigens of M tubercido
sis and M bous On the basis of numetical
taxonomy they are generally symutar (17 3t 320
However Wayne (35) was able to disunguish them
by selecting characters for an Adansoman analyyis
of taxonomy

C: of the was hingly
carried out 1n the Biostaustcal Department {Cheel of
¥ ess Bent=on) of Statens Serumunsutur My best thamks
are also due 1o B Mansa Depastment of Brophysics for
performing the molecular weight deterpunations of the
DNA Thestramn of M farcinogcnes var sencgalense %as
kindly provided by Af Afagnusson of the Tubercul o
Department
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NITROBLUE TETRAZOLIUM (NBT) REDUCTION
BY BACTERIA

Some Properties of the Reaction and Jis Possible Use

TERESA URBAN and CONNIE JARSTRAND

Department of Claical Bacteriology of the harohinska Insuwte at Serafimerlasarettet  Stockholm
Sweden

Usben T & larstrand C Nuroblue tetrazolium (NBT) reducuon by bacteria Some properties of the
reaction and 11s posstble use Acta path mucrobio} scand Sect B 87 227-233 1979

All the § afbus E cofr and P aeruginosa strains examined reduced mutroblue tetrazolum (NBT) to
dark biue formazan The amount of formazan produced was proporuonal to the number of bacterta
Under the same growth condiions an €qual number of bacteria of various straws produced different
amounts of formazan However there were staysucally venified differences wn the NBT reduction
between the three species examined The NBT reducton took place in all phases of growth but was
most intense 10 the early Joganthmuc phase NBT was found to be toxic for bactenia aod the different
strains had varymng sensiavity to that effect The NBT reacion was markedly enhanced by phenazine
methosulphate (PMS) The blue cotour of formazan produced from NBT has an advantage over the red
colour from triphenyltetrazolum chioride {TTC) if the reaction occurs 1n the presence of haemoglobin
often present n biological matersats Wuh NBT and PMS 108-107 bactena are needed to form

mfluence of

detectable amounts of formazan The NBT reduction by bacteria may be useful for measuring the

or growth
key words Tetrazolum salts bacteria

Teresa Urban Deg t of Chncal

factors on bactena

Recened 31378 Accepted 26 1 79

salts especially
chlonde (TTC) are used widely as markers of
dehydrogenase acuvity i bialogical systems TTC s
used as neoplasm indicator 1n selective Stamung of
tumour ussues (2} The TTC reducuon of Myco
plasma preumomae 1s employed for 1ts enufica
uon and for measurement of antibodies agamst that
orgamsm (7 12} Also the capacity of tubercle
bacills 1o reduce TTC 15 utiized for of

11283 s Sweden

(NTC) blue tetrazolium (BT) and mitroblue tetrazo-
hum (NBT)(6 8) bave also been reported

The reductron of almost colourless NBT to dark
blue formazan by polymorphonuclear. lenkosyes. s,

well recognized (9, 10) NBT reduction has been
. .

e~ a

might be wseful 1n bacteriological wm"k S;m;

the viability of BCG vaccines (15) 1n a detarled
review arucle Pergam (11) deseribed several techn
Ques using TTC for indicating the presence of
bacteria o bacteraal whibitors 1 food 2nd other
maierals and as a means of selection 1 bacteriolo
ictl media Studies on microbiological effects of
tetrazolium salts other than TTC such as todo-

N @ chlonde

ImEnts Were also made with TTC,
50 far the most commonly used tetrazolum salt

MATERIAL AND METHODS

Bacteria
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bath at 37°C 1n order 1o be 1n the exponential grow th
phase when resuspended In fresh nutnent broth for the
NBT test The number of colony forming unus (CFU)
per ml of the suspension was deternuned by colony
counts of sersal dilutions 1n nutrient agar Inexpeniments
with staphylococct known to apgregate to CFU of
varyng sizes the number of bacteria was estiated by
counting 1n a Burker chamber by phase contrast
microscopy The numbers of bacteria thus obtained will
be referred (o as CFU

Procedure for NBT Reduction Test

A G [% sofution of NBT (BDM Chemucal Lid Poole
England}in Hanks solution was used 1n all experiments
Amounts of 0 5-1 ml of bacteral suspension contaimng
from 107-10% CFU per m! were placed 1 plastic test
tubes (100 x 16 mm) mixed with the same volume of
the NBT solution and atlowed to react for 30-45 min n
a 37°C water bath with a rocking device The reaction
was then interrupted by adding the same volume (1 or 2
ml)of 0 5 N HC! The tubes were centrifuged at | 000 g
for 15 mn and the supernatant was decanted and the
pellet extracted with 3 ml dimethylsulphoxide by
vigorous shaking Thereafter the optical densuy (OD) of
the extract was determimed in a spectrophotometer
(Vitatron manual DCP) at 572 nm

The following points were examined

Comparison of the NBT ruduction of Different Bacterial
Species and Sirams

Six strains of S albus E coliand P aeruginosa Were
used Nutrient broth was added1001 02 0 3etc upto
1 0 mi of broth cultures contaiming about (0% CFU/ml
to a final volume of 1 0 ml 1 ml NBT solution was
added to each tube and the mixtures were incubated for
45 min The amounts of formazan were determined as
already described

Stausncal analysis Regression lines were calculated
for the retationships betw een the number of CFU of euch
stran on one side and the formazan production {OD
value) on the other (Fig 1 a b ¢) Wilcoxons rank sum
test (13) was used for comparison of e £ vatues
representing the slopes of the lines for the dfferent
strains Furthermore a line was calulated for each
species hased on the means of the B values for the
1ndrvidual strains and passing through the grand mean of
CFU numbers and OD values (ig 1 &)

Influence of Differcns NBT Concentrations on the NBT
reduction of an £ colt Strain

From a culture of one of the £ coft strams four
1dentical sertes of 10 wbes were made as described under
pownt ) To the tubes of gach serees I ml of NBT
solutton 10 each of the concentrations 01 0075 005

quarter of the first hour of culttvaton exch hourupto §
hours and at 24 hours 0 5 ml aliquots of the culture
were withdrawn muxed with 0 S ml of NBT solution
and wcubated for 30 min The amounts of formazan
produced were measured as described and the numbers
of CFU were determined in parallel samples (Fig 3)

Determination of the Toxie Effect of MBT on Bactena

a) Using three stramns of £ colt two series of exght
tubes with 0 S ml of bacterzal suspension Were prepared
and 0 S m! NBT solution was added to each tube The
numbers of CFU before NBT addion and alier
incubation for 5 10 15 20 25 30 and 60 minat 37°C
were determuned for each strain by colony counting from
serial dilutions from the twbes 1 the first series The
second series of tubes was used for assay of the amounts
of formazan (OD) produced (Fig 4)

b) To 0 5 ml of broth suspenstons of 10 strains of §
albus E coly and P aerugmnosa 05 mi NBT soluuon
was added and the mixture was allowed to react for 15
nup at 37°C In thus expenment the extent of bacternal
survival was measured 1n a simplified way Sl fen
fold dilutions of the reaction mittures Were prepared m
nutnient broth and mcubated orermght ar 31°C The
highest dilunon showing growth was taken as an
expression of the size of the viable populauion

Comparsson of the NBT and TTC reduction b E coh
and S albus

Expertments were performed mn the same w2y 3
described under point | but with the addition of NBT to
one series and TTC 1o another Since the sofubilies of
tetcazolun salts are different the highest posshle
concentrations Were used 1€ © 1% for TICand 01%
for NBT the concentrations m which the salts have
generally been used

Effeet of Accelerating Agents on Teira oltum Reduct ot b
E cohy

) To four series each copsisting of 0 1 02 e1c U
05 mtof £ colt culture nutrient broth was added to 2
final volume of 05 ml Two series recened 05
nutrient broth enriched with glucose giving 8 find)
concentration of 0 5% while two other series recenn<d
¢ 5 mi plan broth To each tube o the two series Im
of eithew NBT or T1C soluuon was added The
muxtures were icubated for 30 min

pto

Fig 1 a b c Regression Imes for the relanonships
between numbers of CFU (for gram negaunve rods) of
numbers of bacterta (for staphylococc1) and the amounts

d (OD) by six strains of £ colt 3}

fter for 45
nd 0 025% was added (Fig 2) Al
:nm the expertment was completed as described above

NBT reduction by E colt during Varous Phases of

Growiht

50 ml of

nutrient broth moculated with £ coli was
incubated at 37°C with agitation for

24 hours Each

of

Pseudomonas (b)and S albys (c)

Fig 1 d Regression lines for each of three dufferent
species based on the mean of the slopes for the strams
passing through the grand mean ‘alue of hacteriat
numbers and NBT reduction



Jbus Escherich a colt and Pseudomonas
dal Effect of NBT on 10 Strams of Staphs lococcus a
:::F;:nﬁos‘a ?;ce\gs‘\‘f;v:val 15 Calculated from the Number of CFU before () and after (b} 15 mimutes of Incubaton

With NBT B
3
Number of CFU Survival
Before After 15 min wncubanon b
Stram addmon of NBT @) wuh NBT (b)
) 105
108 10
§ olos 2?; 108-10'0 no growth—10% 10 &10 2
1
107 106 0
£t :::;ne 108101 104197 10 810 2
1
108 107 0
P aerug nosa mne 103 0 e e

Determnanion of the Toxic Effect of NBT on Bacteria

) [a Fig 4 the mean numbers of CFU and the
average amounts of formazan produced are shown
for three £ col stratns befose the addion of NBT
and after 5 10 15 20 25 30 and 60 mmA
decrease 1n the number of CFU was observed
during the first 15 min afier which the numbers
were quite constant NBT reducuon continved at
about the same rate throughout the whole observa
tion period

5} The numbers of hving bactesia before and after
incubation for 15 min with NBT and the survival
defined as the number of living bacteria after 15
™ divided by the 1mitial number will be seen from
Table | § albus strams were most sensitine 10 the
o action of NBT and their survivat displayed the
greatest vanavon E colt Strams wert on an
average 100 umes less sensitive than S efbus and
the vanaton was less while P aeruginosa strans

were the most resistent and showed even less
‘Yanauon

Companison of the NBT and TTC reduction by E
colt and S albus

Under the same experimental conditions the
correlation betw een the OD values and the numbers
of bacteria was good 1 both species fac both TTC
‘r 093 097 and NBT (r 099) For £ colt the
Opucal densiues of eluated red formazan were
higher {8 1 88) than those for blue formazan (&
066) However S albus was much more efficient
n reducing of NBT than of TICHR 1 16 D 51)
Effect of Accelerating Agents on Tetra~olum Reduc
won by E oo

The reduction of NBT by £ cok was nat affected
by the addition of 0 S eluense to the plain broth

of the reaction muxture whie under the sarme
condinions the reduction of TTC was found to be
increased 14 to 3 5 imes dependent on the number
of bactera

As shown in Table 2 PMS addition potentiated
the NBT reduction by £ coft The most jntense
colour development was obtammed with the highest
concentration of PMS tested (0 004 mg/ml) This
concentration gave a more than five fold increase of
the OD value after incubation for 15 min During
further wmcubation 1t was stll sncreased bwt to a
lower degree W hen an analogous experiment with
TTC was performed no acceleration of the reduc
tion was observed tven with a2 10 times hgher
PMS concentration Spontaneous colfour deelop
ment was not chserved 1n control tubes containng
stenle broth with the same concentration of PMS
but without NBT or TTC

In order to ascertarn hether the NBT reduction
of E cohi was proporuonal to the number of
reacting cells also w hen the reaction was acceferated
by PMS varying numbers of bactersa were aflowed

TABLE 2 Acceleratmg Effect of Phenzzine Methosul
phate on NBT reduction by Escherrchia colt

Concentrauon of PMS
m mg per mk of
reaction micture

Formazan production (OD)
Time of 1acubation men }

—_—

15 kL] 45
0004 0703 0757 g9
03
0002 0353 0476 0525
0001 0280 0368 0374
o 0130 0199

oo



b) To 05 ml of E coh culture contaiming about 10°
CFU/ml 05 ml of esther NBT or TTC solution with
phenazine methosulphate (PMS) was added  Afjer
preparatory experiments different concentrations of
PMS were chosen for NBT and TTC For TTC
concentrations Not gIviNg spontaneous colour develop
ment were chosen while for NBT the concentrations
were those which gave a convensent speed of reacuon
witht the number of bacteria used and which gave results
suitable for our recording system Three concentrations
of PMS were tested with TTC 0015 003 and 006
mg/ml and three with NBT 0001 0002 and 0004
mg/ml The mixtures were ncubated for 15 30 or 45
min and the OD s obtained with PMS were compared
with those obtamned without PMS

) The correlation between the number of bacteria and
the NBT reduction when potentiated with an optimal
concentraton of PMS was tested A series of tubes was
prepared from an E colr culture as described under
pomnt 1 | ml of NBT solution with PMS added to give a
finaf concentration of 0 002 mg per m! was then added
and the tubes were sncubated for 15 nun

RESULTS

Comparison of the NBT-reduction of Different
Bacterial Spectes and Strains

When six bacterial strains of S albus E colt and
P aeruginosa were cultivated under the same
conditions the relationships between the numbers
of CFU and the optical densities recorded were quite
canstant for each stram {correlation coefficients r
097-099) (Fig 1 a b and ¢} The B values
representing the abifity 1o produce formazan varied
considerably between stramns of the same Species
For the § albus stramns they were from 077 to
546 Therange for £ coh and P geruginosa stramns
was narrower vor 061-126 and 016-035
respectively The B values for the species differed
sigmificantly between S afbus and £ coli stramns (P
< 005) between S albus and P aerugmnosa (P <
001) and between £ colr and P aeruginosa (P <
001} Fig 1 dllustrates further the refationship
between the number of bacteria and the formazan
production within each of the three species

P I R
Fig 7 Effect of different NBT~concentrations on the
ction of formazan by an E cohr smn

w T W

produ

T
oo
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Vot met

Tig 3 NBT reduction by an £ colt stram 1 different
growth phases

As will be seen from the regression lines in Fig
I as many as 108 bacteria per ml were needed
before formazan could be produced n amounts
detectable by our procedure

NBT reduction of E colt at Different Concentrations
of N8BT

Fig 2 shows that with the same numbet of
bactenia a higher formazan production was obtat
ned with a higher concentration of NBT Thts was
the case at all levels of bacterial numbers

NBT reduction by E col during Vartous Phases of

Growth
The abihity of bacterta to reduce NBT 1n each

growth phase (Fig 3) 1s expressed as

OD formazan % 10
number of bacteria
This was § 2-3 1 for the first 2 hours 26-1 3 for
the 3rd-5th hour and 0 8-06 for the 6th=24th
hour Thus the capacity of bactena 10 reduce NBT
15 highest 1n the early Joganithmc phase of growth

Yoo e

AT TR T s o P
Fig 4 Touceffect of 0 1'% NBT sotution after different
times of incubation on E coli and the NBT reduction



f Staphylococcus albus col: and P
TABLE | Bacteniadal Effect of NBT on 10 Strains of TS s o ation
geruginosa The Survival 1s Calculated from the Nu:b“t: :lfB (_:rFIEJ before (a) and af
b
Number of CFUJ Survival
Before After 1S min incubation b
Strain addition of NBT {a) with NBT (b) a
s
108 103 10
§ s :::: 106-1010 7o growth —10% 103-10 2
139 106 101
Eot ::;: 1081030 104-107 10-5-10 2
108 107 01
P aerugmosa ::-,g,: tos 0 -

Determunation of the Toic Effect of NBT on Bacteriz

a)In Fig 4 the mean numbers of CFU and the
average amounts of formazan produced are shown
for three £ colt strams before the addition of NBT
and afier § 10 15 20 25 30 and 60 mmn A
dectease 1 the number of CFU was observed
during the first 15 mun after which the numbers
Were quite constant NBT reduction continued at
about the same rate throughout the whole observa
tion period

B The numbers of itving bacteria before and after
incubation for 15 mm with NBT and the survival
defined as the number of living bactersa after 15
o divided by the tmiteal number will be seen from
Table 1§ albus strams were most sensitive to the
tovic action of NBT and their survival dnplayed the
S varation £ eulr stramns were on an
average 100 tunes less sensiuve than S afbus and
the variation was less while P aerugimosa strams

Were the most resistent and showed even less
‘anation

Comparison of the

NBT and TTC reduction by E
liand S albys

MUndu‘ the same experimental conditions the

u 22 1UL B colt the
red formazan were

Effecs

t0n by

of 4
\[E r;tfrmmg Agens on Te etra~olium Reduc

The teduction O NBT b,
Y £ colt was not affected
by the addition of 0 59, glucose to the plam broth

of the reaction mixture while under the same
conditions the reduction of TTC was found to be
mncreased 1 4 to 3 5 times dependent on the number
of bacteria

As shown 1n Table 2 PAIS addition potentiated
the NBT reduction by £ coft The most mtense
colour development was obtaned with the htghest
concentration of PMS tested (0 004 mg/ml) This
concentration gave a more than five fold mncrease of
the OD value after incubation for 15 min During
further mcubation &t was still mcreased but to a
lower degree When an analogous experiment With
TTC was performed no acceleration of the seduc
tion was observed even with 2 10 times higher
PMS concentration Spontaneous colour develop
ment was not observed 1n control tuhes containing
stertle broth with the same concentration of PMS
but without NBT or TTC

In order 10 ascertain whether the NBT reduction
of £ colt was proportional to the number of
reacting cells also when the reaction was accelerated
by PMS varying numbers of bacteria were allowed

TABLE 2 Accelerating Effect of Phenazine Methosul
phate on NBT reduction by Eschericina cols

Concentration of PMS
1n mg per ml of
reaction mucrare

Farmazan production (OD)
Time of incubation (min )

45
0004 0703 0757 0903
0002 0353 0476 9355
0001 6280 0368 0373
0 6130 0199 o210
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Fig 5 Accel effect of ph
(0002 mg/ml) on the NBT-reduction by £ cols after
ncubation for 15 min

to reduce NBT 1n the presence of optimal PMS
concentration A rectilinear relationship (r 097)
‘was obtamned (Fig 5)

DISCUSSION

In polymorphonuclear leukocytes, the NBT-reduc-
tion takes place m the cell membrane and 1s
mediated by membrane-bound oxidase (3, 5) Since
the enzymes mediating electron transport and
oxidative phosphorylation m bacteria are also
localized 1n the cell membrane, and since NBT
competes With oxygen in recetving hydrogen ions
from NADPH or NADH (1), the NBT-reduction of
bactera 1s also likely to occur 1n the cell membrane
For the reaction to occur nside the cell membrane,
the latter must probably be damaged by the NBT,
since 1t 1s supposed normally to be impermeable to
that compound
Differences in NBT reduction of various bactenal
species and strains can be explaned by varations in
cell wall structure which might allow different
amounts of NBT to reach or penetrate the cell
membrane, rather than by differences n oxidative
metabolism of the strams Also the differences
between various bacterra as regards their sensivity
fo the toxic effect of NBT may be due to differences
between cell wall structures It would seem that the
B-values, representing the NBT reduction abilities,
are correlated with the sensitivity of the strains to

232

the toxic action of NBT Perhaps the cel] walls of
refatively sensitive S albus stramns are more easlly
penetrated by NBT than those of resistant Pseudo-
monas strains

As regards the toxic effect of NBT, 1t was also
noted that the numbers of CFU of three £ oot
stramns decreased considerably during incubation
with NBT for 15 min However, Fig 4 shows that
in spite of this decrease, formazan production
continued at about the same rate during the whole
observation period Presumably, bactera which
have lost their ability to multiply and thus to form
colonues are still able to produce formazan This
assumption was corroborated by our own observa
tion (unpublished data) that bactena treated with y
irradiation loose ther colony-forming ability but
retain part of their formazan production

It was observed that, 1n contrast to that formed
by leukocytes, formazan produced by bactena 15
very rapudly extracted with dimethylsulphoxide
even without heating An explanation may be that
due 1o therr small size, bacteria form smaller
aggregates of formazan, and that these are more
easily available for extraction

Only the NBT-reduction of three species %25
examined, but as virtually all bacteria can reduce
TTC (11), they probably also reduce NBT The
interactron between bacteria and NBT with dafferent
types and numbers of bacteria and different
concentrations of NBT, was investigated more
closely in order to determine the usefulness of the
reaction m different sttuations Since with PMS
stimulation, only 106107 bacteria were needed 10
produce detectable amounts of formazan, the
reaction may be employed for rapid detection of
bacterta Furthermore, the reaction may be useful
for measuring the influence of bactencidal, bace-
riostatic or growth-stimulating factors on bacter
An example of thus 1s 2 method developed for 2
rapid assay of antibiotics (14)

To summarize our observations on NBT-reduc-
tion by bacteria, we would pomnt out some
advantages of this reaction in preference to the TIC-
reduction, so far the most common tetrazolium
compound used Unhke reduction of TTC by £
col the reduction of NBT can be accelerated by
PMS, an intermediate electron carrier This pheno
menon may pernut a considerable tncrease of the
sensitivity of the reaction The increase 1s far more
pronounced and more raptdly observed than that
caused by glucose on the TTC-reduction Thus the
increase 15 five-fold for NBT with PMS witun 15
mn, as agamnst two-fold for TTC with glucose after
30 min The strams of staphylococcus tested
reduced NBT more rapidly than TTC, which may
be useful for the detection of such bacteria The blue



colour of the formazan produced from NBT can be
an advantage over the red colour resulting from
TTC when the reaction occurs 1n the presence of
haemoglobin for example 1 blood cultures and m
serum or urme samples with haemolysed erythrocy
tes
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RESISTANCE TYPES IN ESCHERICHIA COLI
I Occurrence and Resistance to Ampiciilin Carbemaithn and Cephalothin
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Sogaard P Resistance types in Escherichia colt 1 Occurrence and resistance to amprallin carbenicilin
and cephalothun Acta path microbiol scand Sect B 87 235-241 1979

An wvestigation of the resistance types m lactose fermenting £ col 1s presented The frequency and
senstvity to § lactam antibioucs of different resistance types was wvestigated The strains Were divided
imto three groups according to sensivity to pemaillin dervauves Group ! contained the ampicillin
carbemctllin sensizve (A 5/Ca s) group 2 the ampicillin resistant-carbemicillin sensitive (A r/Ca s} and
group 3 the ampicstlin-carbenicillin resistant (A r/Ca 1) A s/Ca r were not observed One thurd of the
A 1 strains were sensiuve to carbemicillin: The distribution of resistance types was different in the three
groups Group | was dominated by the usual sensive £ colr Group 3 contamed 2 very high
proportion of multiresistant types The 1Cso agamnst ampicillin carbemcilhn and cephalothin of 55
stra ns was determined Group 3 (A r/Ca t 25 strans) was much more ampcillin reststant than group
2(Ar/Cas 16 stramns) Group 2 was less sensitve 10 carbenscillin than group | (As/Cas 14
strains) Group 3 did not differ sigruficantly from group 1 with respect to cephalothin sensitivity while
group 2 was much more resistant than the others

ey words Escherichia col resistance types P lactam anubiotics

P Sogaard Statens Seruminsutut Regional Laboratory Odense University Hospital J B Winslowsvey
19 DX 5000 Odense Denmark
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Most strains of £ coft are sensitne to ampuaillin
{A}and carbenucillin (Ca) Some of the A resistant
(A1) strans are sensune to Ca (Cas) Korner
(1976) found 788% of 530 E colt stramns 1 a

hospuat material sensitve 1o A (A=) but 92 1%
were Cas

<ufphanam ds € — cocoe

Infections With A r E' colt occur very often 1If
some of these could be treated with Ca or Ce more

The occurrence of muluresistance 10 gram

negative enteric bactena has been described in a
Taper by B

ergfors et al (1972) who observed that
279 ~racn ..
from . . - ..
three . o
muiu - -

0 hospiun specimens Among these 25 the most
{requent patterns, of reststance traits {resistance
T were A Ce'Su S(Ce = cephalothin Su =

1onC aniboncs could be avorded

The itention of the present nvestigation was to
clanfy the occurrence of resistance types n £ cols
wolated mamly from a hospital materral  The
resistance against A and Ca has been correlated to
sesistance to different anubiotics The sensivity to
A Caand Ce has been nvestigated for the different
resistance types Besides the epidemiological know
:;dgc the investigation also gives nformation about
“;h\xs; :(ECa(:,r:d Ce 1n the treatment of infections



MATERIALS AND METHODS

A Routine Methods
The information that mihated (s ynvestigation was
obtained from the routine registration of microbiological
at Statens Ser Regional Labora-
tory, Odense Universty Hospital, Odense, Denmark
Thus laboratory receives urine, pus, sputem, blood and
spmal fluid for bactenial examination from Funen
County, the man source being Odense Umversity
Hospital The Enterobacteriaceae were wolated on
Conradi-Dngaiski plates and the lactose fermenting

resistance types of 76 additional (151 total) consecutne
A-r strains were recorded (untd 16 vt 77)

The information thus obtamed was used to elaborate
Tables 2 and 3

From Apnil 77 to January 78 55 lactose fermentng £
cofi strains were collected fram the routine specimens
Only the five most prevalent resistance types in grovp 3
(see Table 2} and the types SuTS, SuS and 0 (0 = no
resistance to Su, T, S or C) in groups | and 2 were
colfected The period of sampling the stratns was longer
thap the period of recording the 151 A-r straws m order
to obtain at jeast 4 of the fess frequent fypes tn ach

organssms were denufied by the fol g

mobility and oxygen requirement In sem: solid agar,
Voges-Proskauer reaction, mdple formation, acid and
gas production 1n glucose broth, decarboxylaton of
Iysine and ormithine, fermentation of malonate, hquefy-
tng of gelatin and H3S formation

The strains were tested for anubtotic sensitivity by the
direct agar diffusion method The medium antibiotic
discs and the method used are described in the instruction
Dook from 47§ Rosco (1978-79) The medum, Damsh
Blood Agar, was obtained from Statens Seruminstitut,
Copenhagen The composition 1s described 1n A/8 Rosco
{1978~79) Strawss with an nfubition zone larger than 22
mm (+ +) were considered Sensttive to the antibiotic n
question The specimens were routinely tested against
e antibioues Su P, T S C,E, A, Caand Ni {P =

low C = ch i E =
cm and N1 = nitrofurantosn)

The resistance types lreststance o Su T, S and C) of
500 cousecutive lactose fermenting £ colt strains were
recorded from routie registranon i the penod 27 v 77
to 21 v 77 Each pauent contributed only once The
stratns were dwvided mto three groups Group |
contained the A-s/Ca-s bacteria group 2 the Ar/Cas
and group 3 the A-r/Ca-r No A-s/Car sirans were
observed

The 500 strains comprised 75 A 1 (groups 2 and 3)
To get a greater number of strains In these groups the

erythromy-

B Additional fmestigations

The 55 selected strams (Table 1) were rechecked $1b
regard to sensittvity pattern and biochemucal reacuons
These latter included bessde the eleven reactions mento
ned above the following mtrate reduction ureast
production fermentation of mannitol, sorbitol sucrose
I lose, nositol and p of argumne
dibydrolase All 55 strans were confirmed to be Jacit
fermenting £ coli All were facultatively anaerobic
reduced nitrate, were Voges-Proskauer negatne produ
ced sndole, acid and gas 10 glucose 2nd manmid)
fermented sorbutol (with one exceptton) and trehalose
None produced urease, fermented inositol or malon3t¢
liquefied gelaun or produced H35 Al except three oonld
decarboxylate lysine

The sensitviy of the selected stratns was tesitd
against A (Dokizcillin®, Astra) Ca (Fugacilin®, Asee!
and Ce (Cefaloun®. Glaxo) using the wbe diluen
method described by Stbont (1976) Inoculum was 18 oF
an overnight broth cutwre dituted 16-2 contamng 8
prax 10*3 CFU/ml The contral stratn tnctuded o e3h
experyment was E col K 12 7458/41 Mean toga 1Csuof
this strann was 2 SOUS TpgfmB) 5 8 070 fogy n= 1
against A Mean log2 ICsq agamnst Ca was 3 30 9 $paf
m)sd 062loga n = 15 Mean logz ICsoagatnst G
was2 27(48 ppfmb s & 033logy n = 13

TABLE | Distribution of Selected Strams Listed According 10 Resistance Ty pe Number of Stramns

Group | Group 2 Group 3 Total
Restsiance ype As/Cas Ar/Cas A-r/Car
4

SuTSC ‘; 5
SuTS 4 4 ; p
gu gc 4 4 4 12
Ou 6 3 8 2
Total 14 16 25 55

de, T = fne 5 = C= b 0 =0 wSu T SorC
Su = rnsu_we to ampl_clllm A-r = resistant to ampictitin Ca's = sensive 1o carbemcillin Ca r = Fesistant @
A-s = s .
carbemlin younne biochemical dlagnosis and determinanon of ICso

The strains were used for control of

714
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Fig | Regression curve for ampiciiin showing rela
tionshup between logz 1Cso and diameter of inhibition
e A - As/Casstrans{14 strains) O - Ar/Ca
s {16 strains among which 10 had mhibition zone 0 mm
as marked at the top of the figure) ® = Ar/Car
straips (all 25 strams had mhibison Zone 0 mm as
marked on the figure) A = control stramn (alse marked
by an arrow)

For the strains tested the dtameter of the intibiuon
zone on 14 cm blood plates was measured The discs
used were a set of A Ca and Ce (Neo sensitabs® A/S
Rosco DK 2630 Taastrup Denmark) The moculum
was 0 3 ml of an overmght 1nfusion broth culture diluted
10~ The inoculum was spread with a stenle bent glass
7od and incubated for 18 at 35°C before reading

Snce the selection of the strains was based on

r= 078
y 02ix 1015

(213 20

20 <0 mm

Fig 2 Regression curve for benalin 13 At/Car

strains had snhibion zone 0 mm For
s bad st of signs see

o3
o1
re 080

ya-03x 1057

pSion ey ) <0 mm

Fig 3 Regression curve for cephalothin 12 A r/Ca's
and 3 A r/Ca 1 straws had mhibition zone 0 mm For
st of signs see legend to Fig 1

sensituvity testng by the direct agar diffusion method the
relationship 1o the tube ditution test 15 1lfustrated The
regression curve of A is shown mn Fig 1 A diameter
greater than 22 mm corresponds to logz ICsp less than
371013 1 pg/ml) The regression curve 1s shown for Ca
mFig 2 A diameter greater than 22 mm corresponds to
log ICsq less than 4 88 (29 4 pg/mi) The regression
curve of Ce 1s shown in Fig 3 A diameter greater than
22 mm corresponds to log~ ICso less than 3 76 (13 6 pg/
ml)

The regression lines shown are not identical with
those published by 4/S Rosco (1978) In this paper the
diameter of the wnhibition Zone 15 correlated to 1Csp
determined by the tube dilutron method whike the curve
of Rosco 15 based on the plate dilution method For the
same diameter the MIC determined by the first method 15
about 4 umes higher than the corresponding MIC read
on the regression hine of Rosco

RESULTS

A Frequency of Reststance Types and Traus (Agar
Duffusion Method)

The 500 consecutive £ colr stramns recorded from
Toutne registration were distributed as follows
group | 425 group 2 23 group 3 52 strains

Group | comprises 85% and the distribution of

Tesistance types n this 2T0Up 15 show;
{column one) By far th S

€ Most common t;
usual sensitive £ ol Resistance type St’:’Spe ;:xm";
and SuTS are the pext most frequent {the last two
being equally common)

The 151 consecutrve A 1 stramns {groups 2 and 3)



MATERIALS AND METHODS

A Routne Methods

The information that mitiated thys myestigation was
obtained from the routine registraton of microbiological
spectmens at Statens Serummstitut Regional Labora
tory Odense Unwversity Hospital Odense Denmark
Thus laboratory receives urine pus sputum blood and
spinal flmd for bactenal exammaton from Funen
County the main source being Odense Umwversiy
Hospital  The Enterobactersaceae were isolated on
Conradi Dnigalski plates and the lactose fermenting
Organisms were by the
mobihity and axygen requirement m sems solid agar
Voges Proskauer reacion indole formation acid and
gas production in glucose broth decarboxylation of
Iysine and osmithine fermeniation of matonate hiquefy
ing of gelatin and H;S formation

The strains were tested for attdiotse sensstvity by the

Tesistance types of 76 additionaf (151 total) consecume
A r strains were recorded (unul 16 w1 77)

The infarmatian thus abtaed was used to dilgeue
Tables 2 and 3

From April 77 to January 78 55 lactose fermenting £
colr stramns were colfected from the rouune specimens
Only the five most prevalent resistance types yn §rovp 3
(see Table 2) and the types SuTS SuS and 0(0 ~ o
resistatice 16 Su T S or C) in groups | and I were
collected The period of sampling the steans was longer
than the period of recording the 151 A r strams 1 6rder
10 obtain a1 Jeast 4 of the less frequent types 1 exch
subgroup

B Addional Invesngations
The 55 selected strans (Table §) were recheched wih
regard 1o sensunsty pattern and biochenmeal (eactons
These latter included bestde the eleven reactions mento
ned above the followmmg mirate reducuon Ut
fer of manmitol sorbito] SUTost

direct agar diffusion method The medivm
discs and the method used are described m the instruction
boak fram 4/S Rosco (1978-79) The medwm Danesh
Blood Agar was obtained from Statens Seruminstitut
Copenhagen The composition 1s described 1n A/$ Rosco
(1978-79) Strains with an inhibition zone Jarger than 22
mm {+ +) were considered sensitive fo the antiblotic 1n
question The specimens were rougnely tested against
nine antibioties Su P T S CE A Caand Nt(P -

tlin low C = chl E = erythromy
on apd Ni = nnrofurantom)

The resistance types (resistance to Su T S and C) of
500 consecutive factose fermenting £ coli strains were
recorded from routine registration 1 the period 27 w 77
to 21 v 77 Each patent contributed only once The
strains were divided mto three groups Group |

rhamnose trehalose inosttol and production of Arémin¢
didiydratase ANl S strans were canfirmed to be f3c10s¢
fermenting £ colt All were faculuatively an2éfobié
reduced mitrate Were Voges Proskauer negative Produ
ted wndole and and gas i glucose and reanauel
fermented Sorbitol (with one exception) and ehalose
None produced rease fermented inosttol of melonzté
Iiquefied gelann or produced H-S Al except thre® coubd
decarboxylate lysine of

The sensuvity of the selected strams was €5 .
agamst A (Doktacillin® Astra) Ca (Fugacillin® Astrd
and Ce (Cefalotn® Glaxo) usig the tube difuton
method descesbed by Sebow 11976) Jooculum wao I o
an overnight broth cutture dituted 10 2 contarntné 20

43 chuded 0 each
prox 1043 CFU/ml The control stratn mch Gl

contained the A s/Ca s bactenia group 2 the Ar/Cas  expenmentwas £ coft K 12 7458741 Meanlop A
and group 3 the A r/Car No A s/Car swrams were  this strain was 2 50 (5 7pg/ml) s d 020 logz l””/
observed agamst A Mean logz ICs0 ;Z:llnst Cla “T:; 3 Jaog :’m &
The 500 strains comprised 75 A r (groups 2 and 3) mD s d 062loga n = 1 ean Jog2 150
To get a greater number of strams m these groups the was2 27(4 8 yg/ml} s d 0 33log> n = 3
TABLE | Distribution of Sefected Strams Listed According 10 Resistance Type Number of Strains
Group 1 Group 2 Group 3 Total
Resisiance type AslCas AtlCas Ar/Car
4 4
SuTSC P . p 3
SuTS 4 4
SusC 4 4 4 12
Sus 6 3 8 2
0
Total 14 is 25 55
of
I Ime § = strep m C = ch h O =10 msmsm‘ﬁJ
Su = sulp uve to a,;rp,;,nm A1 = resistant fo ampiailin Cas = sensitve 10 carbemciltin Car ~ resista™
A s = sensilive
carbenicilin ed for control of Toutine biochermical diagnosts and determunation of ICso

“The strains were ust
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Fig ] Regression cunve for ampicillm showing rela
tionship between logz ICso and diameter of inhibition
zone A - A s/Cassirains (14 strains) O — Ar/Ca
5 (16 strains among bich 10 had mhibition zone O mm
a5 marked at the top of the figure) @ = Ar/Car
straips (all 25 strans had smhibion zone 0 mm as
marked on the figure) A = controt strain (also marked
by an arrow)}

For the strains tested the diameter of the inhibition
zone on 14 cm blood plates was measured The discs
used were a setof A Ca and Ce (Neo sensitabs® A/S
Roseo DK 2630 Taastrup Denmark) The snoculum
%as 0 3 mi of an overnight infusion broth culture diluted
10~ The inoculum was spread with a sterile bent glass
rod and meubated for 18h at 35°C before reading

Since the selection of the strains was based on

re 078
02¢x+1015

';x;, 2 ::zrs;mn cune for carbeniallin 23 A ¢/Cat
ns had wbibivon zone 0 mi
s 29 b m For st of signs ses
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o' 20 30 <0 mm
Fig 3 Regression curve for cephalothun 12 Ar/Cas
and 3 A r/Ca r strains had ihubiiion zone 0 mm For
Iist of signs see legend 1o Fig |

sensiivity testng by the direct agar diffusion method the
relationship 1o the tube dilytion test is dlustrated The
regression curve of A 15 shown n Fig | A diameter
greater than 22 mm corresponds to Jogz ICso less than
371413 1 pg/m!) The regression curve is shown for Ca
mFig 2 A dameter greater than 22 mm corresponds to
Togz ICso less than 4 88 (29 4 pg/ml) The regression
curve of Ce 1s shown in Fig 3 A diameter greater than
22 mm corresponds to log2 ICso less than 3 76 (13 6 pg/
ml}

The regression hines shown are not identical with
those published by A/ Rosco (1978) In this paper the
duameter of the mtubiwon zone 15 correlated 1o 1Csp

about 4 tumes higher than the corresponding MIC read
on the regression line of Rosca

RESULTS

A Frequency of Resistance Types and Trauts (4gar
Dyffusion Method)

e 500 consecutive £ cofs stramns recorded from
foutne registration were distributed as follows
group 1 425, group 2 23 group 3 52 strams

Group 1 comprises §5% and the distribution of
TesIStance Types mn this group s shown 1n Table 2
(column one) By far the most common type s the
usual sensitive £ coli Reststance type SuS Su T
and SuTS are the next most frequent {the last two
being equally common)

The 151 consecutrve A 1 strais (groups 2 ang 3)



TABLE 2 Percentage of Strams i Groups 1, 2 and 3 According (0 Resistance Type

Reststance type Group 1 Group 2 Group 3
As/Cas A-r/Cas ArlCar
SuTSC
TSC o 20 3,98
SuTS 47 59 no
TS 24 20 30
SuTC
e 30
gésc 02 20 80
1o
SuT 14 20
T 47 39 20
:u s 192 333 80
Sec 20 10
C
(S)u 57 s 20
689 372 190
Total 1000 1001 1000

Group | numbers are based on 425 stratns, group 2 on §1 and group 3 on 100 stratns The 5] A-r strains include §1

Cas(338%)

are shown 1n Table 2 (column two and three) In
group 2, in order of decreasing frequency, the most
common resistance types are O, SuS, Su SuTS
(same order as n group 1) and i group 3 SuTSC,
O, SuTS, SuS and SuSC (the last two equally
common) The percentage of Ca-s strains among the
A-r1s 338% SuTSC s found in 39 cases out of
106 1n group 3 {39 %) but only mn 1 case out of 5]
n group 2 (2%) Thus resistance type 1s represented
by 2(0 5% )1n group 1 (Table 2) A comparison of
the distribution of type SuTSC 1n group ! (2 out of
425 strains) with group 3 (39 out of 100) using the
exact test of Fisher (1950} gives p < 0 001

SuTS s found ta 11%, 6% and 5% of groups 3,
2 and |, respecuvely (Table 2) SuTC 1s found only
1 group 3 (3%} SuSC s found n 8% 2% and
0% of groups 3 2 and | respectively The triple
resistance types SuTS, SuTC and SuSC are more
common m group J than i groups 2 and 1 A
comparison of the frequency of these types 1n group
3 (22 out of 100 strains) with group [ (21 out of
425) by the exact test of Fisher (1950) gives p <
0001
The resistance type SuS 1s represented with 8%,
33% and 10%, and type O with 19%, 37% and
§9% 1 groups 3, 2 and 1, respectively (Table 2)

The percentage of resistant stramns to different
antubiotics among the 500 £ col strams 1s shownin

219

Table 3 The results ofiginate from the rounne
registration {see Matenals and Methods)

B Sensunity to B-Lactam Antibrotics (Tube Dilunion
Method)

The sensitivity of 55 strains to A, Ca and Ce 1
shown n Tabie 4

A in 1f every p{= type)
1s compared with the other subgroups in the same
group no significant differences are found by
Wilcoxon's test (W), with p > 0 05 except 1n group
3 between subgroup SuSC and subgroup O, where
005 > p > 002 W s a weak (test, especially
when n; = n2 = 4 but i support of the
concluston 15 that the range m subgroups 15 almast
identical (withun the same group) The mean log;
ICsoin groups |, 2and 315 2 39 6 34and > 10 12
(52, 809 and > 1112 pg/ml) respectnely
{subgroup SuSC ts excluded in group 3)

Group 3 ts more resistant than group 2 (W, p <
001) Subgroup SuSC mn group 3 15 excluded. but
this subgroup is even more resistant than the others
See also Fig 1

Carbericillin No signtficant drfferences are found
between subgroups withm each group using W {p
> 005 The range 1n subgroups 1s almost
identical The group mean logy ICso 15 2 46, 3 88
and > (({ 62(55, (4 7 and > 3045 pg/mi}




TABLE 3 Percentage of E col1 Strains Resistant to Different Antibiotics

Anubiotic Su T s C A Ca Nt
500 consecutrve strains 294 172 262 60 ISO lgd Si'
Group 1(A s/Ca s) 425 strans 23 134 133 27 - ’ -
Group 2{A r/Ca $) 51 strams 55 14 a . 1% . -
Group 3{A r/Ca 1) 100 strains. 3 61

Drrect agar diffusion method Routine registration
N1 = nurofurantoin
* Only 446 strains

TABLE 4 Sensutvity of 55 Strains 1o Amprciliin Carbencillin and Cephalothun 1n Groups 1 2 and 3 According 1o
Resistance Type Logz 1Cs0(24h1s Shonn

Reststance Group 1 Group 2 Group 3
type As/Cas Ar/Cas Ar/Car

Antibiotic A Ca Ce A Ca Ce A Ca Ce
SuTSC 2125 1258 65
s =125 3s

95 =125 3s

90 120 45

SuTs 15 05 35 45 20 75 120 2125 50
25 20 35 75 45 105 90 "s 35

15 30 45 65 35 133 120 2125 65

15 35 15 65 45 85 105 =125 40
95 65 =105+

SuSC 100 >125 25
2125 >125 65

>125 >125 65

s 1135 35

Sus 25 35 45 55 35 75 s >125 55
25 15 35 35 6Ss 95 no >125 15
1s 15 35 65 35 90 75 55 »105+

s 3s 35 65 35 95 100 15 40

o 25 3o 30 65 40 90 105 120 45
20 25 25 50 25 70 95 120 45

15 25 45 45 s 60 5 110 25

25 25 35 65 40 2105 s =125 50

25 25 25 65 45 105 30 120 15

25 15 35 45 3s 5s 90 =125 3s

35 55 "s 95 1ns 35

75 50 90

95 no 30
Group mean 239 246

m
* subgroup SuSC exctuded

Each wniplet represents one strain.



TABLE 2 Percentage of Stramns in Groups | 2 and 3 Accordng 1o Resistance Type

Group |

Resistance type P Group 2 Group 3
As/Cas Ar/Cas ArlCar

SuTSC 0s

TSC 20 333

Surs 47 59 110

4

SUTC 20 gg

TC

SuSC 02 20 30

sC 10

SuT 14 20

T 47 39 20

guS 99 333 80

16 20 )

SuC

C

Su 51 s 20

o 689 372 190

Total 1000 1001 1000

Group 1 numbers are based on 425 stramns group 2 on 51 and group 3 on 100 strawns The 151 A 1 strams include §1

Cas(338%)

are shown in Table 2 (column two and three) In
group 2 1n order of decreasing frequency the most
common resistance types are O SuS Su SuTS
{same order as m group 1) and 1n group 3 SUTSC
O SuTS SuS and SuSC (the Jast two equally
common) The percentage of Ca s strains among the
At1is 338% SuTSC s found m 39 cases out of
100 tn group 3 (39 %) but only in 1 case out of 51
1n group 2 (2%) This ressstance type 1s represented
by 2(0 5%} group 1 (Table 2) A comparison of
the distributton of type SuTSC 1n group ! (2 out of
425 strains) with group 3 (39 out of 100) using the
exact test of Fisher (1950) gives p < 0 001
SuTS1s found mn 11% 6% and 5% of groups 3
9 and | respectively (Table 2) SuTC ss found only
1n group 3 (3%) SuSC 15 found n 8% 2% and
0% of groups 3 2 and | respectively The triple
resistance types SWIS SuTC and SuSC are more
common 1n group 3 than m groups Zand | A
comparison of the frequency of these types in group
3 (22 out of 100 strawns) with group | (21 out of
425) by the exact test of Fisher (1950) gives p <
0001
The resistance type SuS 15 represented with 8%
33% and 10% and type O with 19% 37% and
69% 1 groups 3 2and 1 respectively {Table 2)
The percentage of resistant straints to different
antibiotcs among the 500 E col: strams 1sshown 1

ano

Table 3 The results origmate from the To¥R
registration {see Matersals and Methods)

B Sensunaty 10  Lactam Antibones (Tube Dilunon
Method)

The senstttvity of 55 strawns to A Ca and Ce 15
shown 1 Table 4

Ampcillin 1f every subgroup (- resistance type)
1s compared with the other subgroups in the same
group no sigmificant differences are found by
Wilcoxon s test (W) with p > 0 05 except in £r00p
3 between subgroup SuSC and subgroup O whete
005 > p > 002 W s a weak test especially
when n1 = m 4 but m support of the
conclusion 1s that the range 1n Subgroups 1s almost
\dentical {withm the same group) The mean log?
ICspingroups | Zand 315239 6 34and > 10 12
(52 $p9 and = 1112 pg/mi respectively
(subgroup SuSC 1s excluded 1n group 3)

Group 3 s more resistant than group 2 OV P <
001) Subgroup SuSC n group 3 15 excluded but
this subgroup Is even more reststant than the others
See also Fig 1

Carbersciliin No sigruficant differences are found
between subgroups withi each group using W (¢
> 005) The range in subgroups is almost
dentical The group mean logz ICso 15 246 3 88
and 21162 (55 147 and >3145 pg/ml



TABLE 3 Percentage of E colt Strains Resistant to Different Antbioties

Aot Su T 5 c A Ca N
§00 consecutive strains 294 172 262 60 150 104 51‘
Group 1 (A s/Ca s) 425 strains 223 134 193 07 Og : -
Group 2{A r/Ca s) 51 strains 55 14 47 4 lm o -
Group 3 (A r/Ca 1) 100 strans 73 61 72 52 ¥

Durect agas diffusion method Routine registration
N1 mtrofurantoin
* Only 446 strans

TABLE 4 Sensitsuity of 55 Strams to Ampiatlin. Carberucilltn and Cephalothin i Groups I 2 and 3 According to
Resistance Type Log2 ICs0(24h}s Shown

Resistance Group 1 Group 2 Group 3
type As/Cas AriCas AxiCar
Anubioue A Ca Ce A Ca Ce A Ca Ce
SuTSC >125 2125 65
s 2125 3s
95 =125 35
90 120 45
SuTS 15 05 35 45 20 75 120 2125 50
25 20 35 75 45 105 3¢ s 3s
25 30 45 6S 35 85 120 >12s 65
15 35 15 65 45 85 105 2125 40
95 65 =105+
SuSC 100 2125 25
=125 >125 65
=125 2125 65
13 1
Sus 25 35 45 55 35 75 s >l;2 §§
25 15 35 35 65 95 1o 2125 15
Is 15 35 65 35 90 75 S5 >105+
35 35 35 65 35 95 100 s 10
o 25 30 30 65 40 90 105 120 a5
20 5 25 S50 25 70 95 120 45
35 15 45 45 s 60 9s 1o 25
2% 25 35 65 40 >105 s =125 50
25 25 25 65 45 105 89 120
25 25 35 45 35 55 90 =125 _:Z
85 55 115 93 s 3s
75 50 90 95 1o 30
Groupmean 2328 339 634 388 > 872 pign 21162 464

Each (niplet reptesems one strain



TABLE 2 Percentage of Strains in Groups 1, 2 and 3 According to Rewistance Dipe

Resistance type Group 1 Group 2 Group 3
As/Cas A-r/Cas Ar/Car
SuTSC 05
T5C 20 ue
?;TS ; Z 59 10
SuTC 20 38
TC ’
Susc 02 20 80
sC 10
SuT 14 20
T 47 39 20
gu N ? 9 333 80
6
SuC 20 10
[o}
Su 57 18 20
M 689 312 190
Total 1000 100 ( 1000

Group 1 numbers are based on 425 strans, group 2 on 51 and group 3 on 100 strains The 151 A-r strams include 51

Cas(338%)

are shown in Table 2 (column two and three) In
group 2, n order of decreasing frequency, the most
common resistance types are O, SuS, Su, SuTS
(same order as 1n group 1) and 1n group 3 SuTSC,
Q. SuTS, SuS and SuSC (the last two equally
cottumon) The percentage of Ca-s strains among the
A-T15 338% SuTSC s found in 39 cases out of
100 m group 3 (39%) but only n 1 case out of 5)

Table 3 The results ongmate from the roult
registration (see Matersals and Methods)

B Sensunuty to B-Lactam Antibrotics (Tube Diluti
Method)

The sensitivity of 55 strams to A, Ca and e
shown 1n Table 4

A Ifevery p (= o1
5 d with the other subgroups in the a0

megroup 2(2%) This type 1s rep

by 2(0 5%) 1 group 1 (Table 2) A comparison of

the distnibution of type SuTSC m group 1 {2 out of

425 strains) with group 3 (39 out of 100) using the

exact test of Fisher (1950) gives p < 0 001
~ " 1 &0

[N PUS

21 .
M BTOUP 3 19 B/ UUON 19 sy o L0 .
0% of groups 3, 2 and | respectively The triple
reststance types SUTS. SuTC and SuSC are more
common 1 group 3 than m groups 2 and | A
companson of the frequency of these types m group
3 (22 out of 100 stratns} with group | (21 out of
425) by the evact test of Fisher (1950) gves p <
0
¢ qI‘h]e resistance fype SuS 1s represented with 8%,
13% and 10%, aud type O with 19%, 37% and
69% 1n grovps 3, 2and 1, respectively (Table 2)
The percentage of resistant strains o difTerent
antibiotics among the 500 £ cols strainsis shownin

ane

group no sigmficant differences are found
Wilcovon's test (W) withp > 0 05 except n grot
3 between subgroup SuSC and subgroup G, whe
005 > p > 002 W s a weah fest. especal
when m = n7 = 4 bw s seppact of 4
conclusion 1s that the range in subgroups 1S almo
1dentical (within the same group) The mean lof
1Cson groups ) 2and 315239, 6 3¢and 2 101
(52, 809 and > 1112 pg/ml) respecine
(subgroup SuSC 1s excluded m group 3}

Group 3 15 more reststant than group 2 (W. p *
001} Subgroup SuSC in group 3 1s excluded, bt
this subgroup is even more resistant than the othe!
See also Fig 1

Carbemuaillin No sigmificant dafferences are fouf
between subgroups withm each group using W {
> 005) The range 1n subgroups is almo
identical The group mean fogy ICso 15 246, 3 &
and >1162 (55, 14 7 and > 3145 pg/ml)



TABLE 3 Percentage of E coli Stramns Resistant to Different Antibioties

Antbiotic Su T S (o} A Ca Ni

500 consecutzve strains 294 172 262 60 lg 0 Ig 4 5 i‘
Group 1 (A s/Ca 5)425 stramns 223 134 193 2 7 - S -

Group 2€A r/Ca )51 strauns 55 14 47 : 100 - -

Group 3 (A r/Ca 1) 100 strams 73 61 72 s

Durect agar diffusion method Routine registration
Ni - mtrofuranton
* Only 446 strains

TABLE 4 Sensitiuty of 55 Strains to Ampiciln Carbenscillin and Cephalothin tn Groups 1 2 and 3 According to
Resistance Type Logz ICs0(24h) s Shown

Reststance Group 1 Group 2 Group 3
type AsiCas AriCas Ar/Car
Antibiotic A Ca Ce A Ca Ce A Ca Ce
SuTSC 2125 3125 65
ns  »n2s 35
95 =125 35
90 120 45
SuTs 15 05 3s 45 20 75 120 >125 50
25 20 3s 75 45 105 90 ns 3s
25 30 45 65 35 35 e >125 65
s 35 15 65 45 35 105 >125 40
95 65 105+
SuSC 100 >125 25
2125 >ns 65
=125 128 65
ns s
Sus 25 35 45 55 3s 75 ns ;st :;
25 s 35 85 65 95 1m0 s s
s 15 35 65 35 90 75 55 1ps+
3s 3s 35 65 35 95 100 15 40
o 25 30 30 65 40 990 10s 120 45
20 25 s 50 25 70 95 120 45
;g ;g 42 45 15 60 95 1o 25
3 65 40 105
25 25 25 65 45 105 1;3 >:§é fo
25 25 3s 45 3s 55 90 >p25 :
3s
35 55 s 95 ns 35
75 50 90 95 1o 30

Group mean 239 246 139 634 3

38 2872 2101 21162 > 464
* subgroup SusC excluded

Fach uiplet Tepresents one strain



TABLE 2 Percentage of Stramns in Groups 1, 2 and 3 According fo Resistance Tipe

Resstance type Group | Group 2 Group 3
A-s/Ca-s Ax/Cas ArfCar
Su1SC 0s
Tse 20 J?g
?‘;’5 47 59 1o
24 20 30
SuTC 3
TC 0
SuSC 02 20 80
sC 19
SuT 14 20
T a7 39 20
gu S ? 9 333 30
6
. 20 10
C
Su 57 118 20
o 689 372 190
Total 1000 100 1 1000

Group [ numbers are based on 425 strains, group 20n 51 and group 3 on 100 strains The |51 A-r strams include 51

Ca-s (33 8%)

are shown 1n Table 2 {column two and three) In

Table 3 The results originate from the routine
(see Materials and Methods)

group 2, 1n order of decreasing frequency, the most
common resistance types are O, SuS, Su, SuTS
(same order as in group 1) and i group 3 SuTSC,
O, SuTS, SuS and SuSC (the last two equally
common} The percentage of Ca-s strasns among the
A-r1s 33 8% SuTSC 15 found in 39 cases out of
100 1n group 3 (39%) but only 1n 1 case out of 51
n group 2(2%) This resistance type 1s represented
by 2(0 5%} 1n group | (Table 2) A comparison of
the distribution of type SuTSC 1n group 1 (2 out of
425 strains) with group 3 (39 out of 100) using the
exact test of Fisher (1950) gives p < 0 00!

SuTS s foundin 11%,6% and 5% of groups 3,
2 and 1, respectively (Table 2) SuTC 1s found only
mn group 3 (3%) SuSC 1s found in 8%, 2% and
0% of groups 3, 2 and 1 respectively The triple
resistance types SuTS, SuTC and SuSC are more
common 1 group 3 than i groups 2 and 1 A
comparison of the frequency of these types in group
3 (22 out of 100 stramns) with group 1 {21 out of
425) by the exact test of Fisher (1950 gnes p <
0001
“The resistance type SuS 1s represented with 8%,
33% and 10%, and type O with 19%. 37% and
69% 1n groups 3, 2 and 1, respectnely (Table 2}

The percentage of resistant strams 10 different
anubiotics among the 500 £ colt straims 1§ shown 1

~rQ

B Sensunty to f-Lactam Antibiotics (Tube Diution
Method)

The sensitivity of 55 strains to A, Ca and Ce s
shown 1n Table 4

Ampreitin 1f every subgroup (= resistance ype

1s compared with the other subgroups In the same
group no significant differences are found by
Wilcoxon s test (W), with p > D 05 except tn group
3 between subgroup SuSC and subgroup O, where
005 > p > 002 W 1s a weak test especially
when ny = n2 = 4 but i support of the
conclusion 15 that the range in subgroups s almost
identical (within the same group) The mean fog:
ICsomgroups | 2and 3152 39 6 34and 3> 1012
(52, 809 and > 1112 pg/mb respectnely
(subgroup SuSC 1s excluded 1n group 3}

Group 3 1s more resisiant than group 2 {W.p <
001) Subgroup SuSC wm group 3 1s etcluded but
this subgroup 1s even more resstant than the others
See also Fig 1

Carbemaillin No sigmificant differences are found
between subgroups within each group wusing W (P
> 005) The range tn subgroups s almost
wentical The group mean logz ICs0 15 2 46, 3 88
and >1162(55, 14"



described n tus paper These can be divided into
two groups (Table 4) One group (marked O on the
figures) 15 resistant to A sensitive to Ca and highly
resistant to Ce (Fig 3) and the other group (marked
®)15 ighly remstant to A and Ca{Fig 2)but more
sensitive to Ce than the first group (Fig 3) The two
groups do not differ with respect to biochemmcal
reactions and further mvestigations are necessary to
elucdate the dilference

L am grateful to Cand Stat Susanne Meoller Biostatistt
) Department Statens Serumnststut for advice on the
stanstical part of the work and to Dr K Sibom foc
encouragement and 1nspiraton
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Group 2 is more resistant than group 1 (p < 001
by W) See Fig 2 But both are to be classtfied as
Ca s according to the clincal evaluation

Cephalothin No sigmuficant differences are found
between subgroups within each group (W, p >
005) Range in subgroups 1s almost identical The
mean log; ICso of groups 1, 2 and 3 are 3 39,
>D8 72 and 2464 (105, >421 and >24 9 pg/
ml

Group 2 1s more resistant than group | and group
3 (W, p < 001 m both cases) No signtficant
difference is found betw een group I and group 3 (W,
010>p=>005) Correspondingly Fig 3 shows
that group [ and group 3 are intermingled while
group 2 s placed i the upper part of the graph
There seems to be a biological dividing line at 16—17
mm mhibition zone between groups | and 3 on the
one hand and group 2 on the other Groups | and 3
thus appear to belong to the same population with
respect to cephalothin sensitivity

C Biochepmcal Reactions
No correlation between resistance type and
brochemical reactions could be established

DISCUSSION

The percentages of stramns resistant to different
antibotics (Table 3) agree very well with the results
published by Korner (1976) The greatest difference
15 found with A (15% 1n this investigation versus
21 2% 1n that of Aorner) Otherwise the two sets of
percentages are within 2 5% Consequently there 1s
no great difference between the sensitwvity of £ colt
m the two areas

Korner (1976) found the most frequent multire
sistance type m £ colt 1o be SuSACe and SuTSCe
In the present paper the most frequent multiresis
tance types are SuTS SuTSCACa and SuSA C
sensttavity s not recorded wn Kerner s paper and Ce
sensitivity 1s not recorded routinely in this labora
tory Bergfors et al (1972) reported the most
frequent multiresistance typés in gram negative
enteric bacteria to be TSA SuTS and SuTSA

These observations show that the resistance
combinations SuS and SuTS are common m £ colt
and suggest that plasmids with at least these

traits are of widespread occurrence

If this suggestion 15 correct, then the combination
of SuS and Su T- S should occur more frequent

by chance If the resistance traits were
than o s whonatanof Suand S

262 = 0077
. consecutively

recorded strams this combination aciually occurs in

T

111 stramns (0 222) which gives p < 0001 by the
x?test{x? = 151 8df = 1) The combnation SuTS
should occur tn 0077 x 0172 = 00132 but the
observed number of stramns with (his pattern s 46
of 500 (0 092) (p < 0001 x? = 22044df = 1)
SuTSC would be expected 1 00132 x 0060 =
00008 of the stramns The observed number with
this combination 1s 21 out of 500 (0 042)

It can be concluded that a couphing exists between
Su T and S resistance As mentioned m Results
there 1s also a coupling with resistance to peniciln
denvatives In the A r/Ca r group the frequency of
multireststance (SuTSC SuTS SuTC and SuSChis
much greater than in the A s/Ca s group

£ colt has been recorded as sensitive to Ca 1n this
1nvestigation 1f the diameter of the inhibition zone 1s
greater than 22 mm corresponding to logz ICso less
than 4 88 (ICso <29 4 pg/ml} The concentration
of Ca 1n urme after a dose of | g Ca1 m (normal
renal function) 1s > 1000 pg/ml (Hew s & W nters
1973)

The A r/Ca s E cols strams mn this matersal have
a mean log2 ICsp of 3 88 (range 1 5t0 6 5) = 137
pg/ml (range 283 to 90 pg/ml It seems
reasonable that urnary tract fections with these
bactena can be treated with Ca as the concentration
of Ca obtainable in urine 1s more than 3-5 tmes the
MIC(Cs0 x v2)

E cols strans resistant to A and sensitive to Ca
(group 2) are resistant to C¢ (Table 4 and Fig 3) &
doseof | gCe1 m gives a maximum concentration
m urne of 2200-5200 pg/ml (normal rena
function) (Walter & Helmeyer 1969} According 10
Table 4 group 3 (A r/Ca r) has a mean log2 ICsoof
>464 (range 15 to >105) = >249 pg/ml
(range 2 8 to 3> 1450 pg/ml} Two strains {marked
+) have Jog2 ICso 310 5 If these are excluded the
mean log; ICso 15 4 13 (175 pg/ml) It seeras
probable that urinary tract infections caused by
these bacteria will often respond to Ce

Two strains i Table 4 group 3 are marked by *
These strains have the same profile as the bactersa ta
group 2 (t e less resistant to Ca than to A and very
resistant to Ce) They are ncluded i grovp 3
because they had an tnhibition zone fess than 23
mm with the Ca disc They seem to be high variants
of group 2 If they are included in group 2 and the
18 values of Ca sensitivity are forced into a normal
curve and fested for goodness of fit by the x? fest
this gives 0 70>>p>0 S0 (x? = 0 863 5 classes df
= 2)(Crovton 1959} This means that they could
belong to group 2

In the genus Cutrobacter the species Citrobacter

freundn usually 1s A r/Cas/Cer Citrobacter
kosert 15 A r/Ca t/Ce s (Southern & Baghy 1977
This relationship 1s similar 10 the A1 £ colt
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Ochratoxn A 1s a nephrotoxic fungal mewbohte {mycotonin) occueniag in foodstufls The compound 15
causally associated With mycatotic porcine Dephropathy a disease comparable with a human kidney
desease Balkan (enderic) neptiropathy A survey of 768 samples of foodstufls (cereals and bread)
focally produced tn an area of Yugoslavia where Balkan {endemic) nephropathy 1§ Prevalent has
revealed that ochratoxsn A 1s constantly present 1n parts of foodstuffs The mean fregency of
ochratoxin A ¢ontamunation of cereals in the study period was 8 7 per cent but a pronounced annual
vanation was \th of up 10 43 per cent These contamunation
frequencies are gher than those reported elsewhere for foodstuffs for human consumpuoen Thus
Turther evidence 15 provided to support the hypothesis that cchratoun A mught be a disease determenant

of Balkan {(endemic) nephropathy

Key words Balkan endemic

A foodstuffs
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Yugoslavia

Recened 22173 Accepted 9 79

‘Balkan {Endemic) Nephropathy {EN) first recog
fuzed 1n the 1950's 15 a fatal chronic kidney disease
affecung iphabuants of fural areas of Bulgara
Romama and Yugosiavia This disease entty has
been the subject of several interpational meetings
he latest being the 3rd Symposium on Endemic
Nephropathy n Vs Yugostavia 1975 (Strahinyié er
al 1977 EN s characterized by contracted
kidneys with changes exclusively in the rena)

coriex inchuding whular degeneration  1nterstitia}
{ibrosis and hyall of glomeruh

7-carbovy group to L B phenylalamine 1s a nephro-
toxic secondary metabolite {mycotoxm) produced by
several spectes belongtng to the fungal genera
Aspergillus and Pemcilum (Krogh 1976) This

152 mayor & d

munant of porcine
and possibly also avian nephropathy (Krogh 1978}

Strking suntlarities bave been observed between
EN and echratoxin A mnduced porcine nephropathy
tn terms of changes of renal structure and functson
thus Suggesung cosimon  causal relauonships
(Xrogh 1974) 1n order to elucidate the possibiity ol

1974) Renal function tests point to the proumal
tubules a3 the primary 1arget spe (Dochev 1973)
Numetous  etiofogical InVestigations have been
camed out covenng Infections agents (bacteria
virus) genetic factors and trace elemnents Yowever
‘\h‘;‘l :\unlogy of EN remamns unknown (Puchler

Mycotonic nephropethy 1 a natorally occurnng
discase i pigs and poulry Ochratoun A 3
dihydro-socoumann dematye linked through 1s

as 2 disease o of EN a

Koms i

from this area (Krogh er af 1977)

MATERIALS AND METHODS

. Mage of
-
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Pavlovic, M Plesuna R & Krogh P Ochratomin A contamunauon of foodstuffs 1z an area with
Balkan {endemic} nephropathy Acta path microbiol scand Sect B 87 243-246 1979

Ochratoxsn A 15 & fungal metabolute occurnng 1 foodstuffs The compound 15
causally associated with mycotoxic porcine nephropathy a disease comparable with a human kidney
desease Balkan (endemic) nephropathy A survey of 768 samples of foodstuffs (cereals and bread)
locally produced 1n an area of Yugoslavia where Balkan (endem:c) nephropathy is prevalent has
revealed that ochratoxin A 1 constantly present tn parts of foodstuffs The mean freqency of
ochratoxin A contamination of cereals in the study period was 8 7 per cent but a pronounced annual
variation was of up to 43 per cent These contamunatian
frequencies are highee than those reported elsewhere for foodstffs for human consumption  Thus
further evidence 1s provided to support the hypothests that ochratoun A might be a disease determunant
of Batkan (endemuc) nephropathy

Key words Nephropathy Balkan endemic ochratoxin A foodstuffs
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Balkan (Endemic) Nephropathy (EN) first recog
suzed mn the 1950 s 15 a fatal chronsc kidney disease
affecung tohabitants of rural areas of Bulgara
Romama and Yugoslavia This disease entity has
been the subject of several mternational meetings
the latest beng the 3rd Symposium on Endemic
Nephropathy n Nis Yugoslavia 1975 (Straturyic et
al 1977 EN s characterized by contracted
kidoeys with changes exclusively 1n the renal
oorex mncluding tubular degeneration interstitial
fidbrosis ang of glomerul (¥

41000 Zagrety

T-carboxy group to L B-phenylalamine 15 a nephro-
toxic secondary metabolue (mycotoxin) produced by
several species belonging 1o the fungal genera
Aspergillus and Pemcillium (Krogh 1976) This
1s 2 major d; di of porcine
and possibly 3150 avian pephropathy (Krogh 1978)
Striking simulanities have been observed between
EN and ochratotin A mduced porcne nephropathy
tn terms of changes of renal structure and function
thus suggesting common causal relationships
(Krogh 1974) In order 10 elucidate the possibility of

1974) Renal function tests pont to the prouimal
tubules as the primary target site (Dochev 1973)
Mumerous etologica) imestigations  have been
“rmied out covening infectious agents {bacteria
*rus) geneuc factors and trace elements However
‘:‘;7 :‘uolagy of EN remamns unknown (Puchiev

Mycotone nephropath;
Sisease
dihydro-

Y 15 a naturally occurnng
P&s and poultry O.hratoun A a
socoumarin dervatve linked through 1ts

A as a disease determunant of EN
survey of foodstufls from an endemc area has been
carried out Prelimunary results have ndicated that
ochratoun A s frequently present 1n foodstuffs
from this area {(Krogh er of 1977)

MATERIALS AND METHODS

Selection of geographicar area
hanuza near Stavonsks B
selected as the

Jor study The village of
tod Croauz Yougostavia was
Swdy area The prevalence of EN 1



Kanrza 1s well d since an

m nd homes Mawze and wheat were sampled

study conducted 1n 1974 revealed that 7 3 per cent of the
population were affected by EN, and 4 3 per cent were
suspected of suffering from the disease (Hrabar e gl
1976) This village 1s situated 16 lowland near the mer
Sava, a tributary of the Danube For comparison
purposes, the inclusion in the study of nearby areas
where EN 15 supposed not to occur was considered
However, this 1dea was dropped, since no epidemiologs-
cal data were ble to exclude ly the
presence of EN 1n these areas

Samplig af foodsrffs Cereal samples (200-500 g)
were collected during the autumn and winter from stores

every year 1n the pertod 1972-1976 barley only dunng
1974-1976 Samples of wheat bread (1975 and 1976}
covered to varying extents with colonies of mould were
collected from the kitchens of the homes

Method of analy sis for ochratoxin After grinding $0g
samples were subjected to qualitative thin layer chroma
tographic analysis (Nesheim er al 1973), which included
treatment of the TLC plate with ammonia fumes (Trenk
& Chu 1971), the detection limut was 5 pg/kg Posine
samples were confirmed by the ester formation (Aesherm
etal {973)or by in suro transformation of o-hratotia A
1nto ochratoun a (Galner & ARnerte 1976) Quantitanve

TABLE | Frequenos of Ockratoun A Contamnation in Foodstuffs

Number of Sampleg Number of Samples Per Cent
Y
ear of Harvest Analysed Contarminated Contaminated
Maize
1972 33 5 152
1973 58 5 86
1974 272 25 92
1975 12 10 58
1976 7 0 °
Total 542 45
Mean 83
Wheat
1972 4 | 20
1973 4 0 :
1974 7 6 83
1975 36 ! 28
1976 15 3 w00
Total 130 n
Mean 83
W heat Bread
1975 1 5 23
1976 15 ! i
Total 32 6
Mean '
Barley 14 6 429
1974 44
45 2
1975 5 0 0
1976
]
Toul 64 1235

Mean
o Mee



deermination s carned out on samples durmg the fast
two Years of the study period (covering 30 of the total of
70 samples found posiive) according 1o Neshem et al
1973

RESULTS

Altogether 768 samples of foodstuffs were analy

sed 736 samples of cereals and 32 samples of bread
Aswas to be expected ochratoxin A was the only

one of th detected and no och B

Of the posiuve samples quantified 10 per cent of
the maze samples contamed more than 100 pelkg
(Fig 1) Whereas 33 per cent of the quantified wheat
samples contaned levels above 100 pg/kg The
highest level encountered was 140 pg/kg In three
barley samples the range of concentration was
13 5-25 6 pg/ke

DISCUSSION

or other metabolites of the ochratoun group were
found The overall frequency of ochratoxin conta
mination 1n the cereals was 87 per cent but a
pronounced variation from year to year was
apparent with frequencies ranging from zero to
429 per cent (Table 1) In bread the overall
frequency of contamination was 18 8 per cent with
apronounced annual vanation simuar to that found
1 the cereals

%

a0

20

H9/yg

Fig 1 Distribution of levets of ochratoxin A (pg/kg) in

conaminated samples of foodstuffs A Mas

1ze (21
contam;

ol 51;1:(3! samplesk B Wheat (6 contanunated

The fr of 1 the
cereal commodities investigated all of which were
locally produced are considerable higher than those
reported previously for cereals intended for human
consumption generally not exceeding 3 per cent (re
view Krogh 1978) As cooking procedures only
result tn minor reduction of the ochratoxsn content
(Trenk et al 1971 Harwig et al 1974) the
population 1n this endemuc area 15 likely to consume
ochratoxin A m prepared food The samples of
bread consisted of wheat breads with wisible
colonies of mould Atthovgh mouldy parts of bread
would normally be discarded by cutting out the
superficial shdes with the mould colones this
procedure does not exclude consumption of ochra
toxin since the towun may have penetrated mnto
deeper layers of the bread 1t 1s also possible that the
toxift content detected was partly or totally the
result of primary contammation of the wheat grains
from which the breads were produced

T conclusion ochratoxin A has been detected 1n
foodstufls used by the population 1n ap area where
Bafkan (endemic) nephropathy 1s prevalent The
frequency of ochratoxin contamination 1s higher
than that reported from other areas of the world for
cereals for human consumpion Thus further
evidence 1s provided supporting the hypothesis that
ochfatoun A mught be a disease determinant of
Balkan {endemic) nephropathy
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% Slamenwus  segmented bacterum  which

attaches 10 the epitheliat cells of the small mtestine
has been observed 1n a number of strams of mice
and rais examined the United States of America
(LSAMIL 2 3 4 5 10 1% 12 13 14} Tms
organism 1s thought to betong ta the Arhramitacear
(3) although uts evact classification 1s sull unknow n
The organism does not appear to be pathogenc
although the mucrovill of the epithelial cells at the
point of attachment are affected (§ 14} The
organism has been examined by both scanning and
transmussion electron microscopy (1 2 3 4 § 10
113 14) Detarled descriptions of the attachment

zone and the development withn the filament of the
Ractermm hata b w3 g ey

Recenlly a morphological study describing a
possible complex life cycle for the bactersum has
been published (2)

Whie carrying out a project on the ultrastructure
of the protozoan parasite Toxoplasma gondu the
small mtestine of mice from the animal colony of
the Statens Seruminstitut (SSD was exammned 1t
was found that the mice had a filamentous
se'gr?cmed bacterium attached o the epithehial cehe

Ruw s uw WAL mo;
simular if not idenucal to
the USA

5 rphologically 1t 1s very
he bacterium reported 1n
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MATERIALS AND METHODS

Six mice (2-3 mooths old) of the SSC AH stock from the
SS1 amimal colony were anaesthetized and therr small
ntesune exposed The small intestine was opened and

d 1n 6% mn buffer
Small pieces of intestine were removed and fited
overmght Thereafter the material was as

contraction of the microfilaments of the terminal
web (Figs 4 & 5) The bacterral wall appeared to b
of the gram posttive type (9) and normally consisted
of four layers but the region mn contact with the
epithelial cell lacked the outer two layers (Fig 2
A number of the orgamsms appeated as single
rods to the helia) cell (Fig 1) A

descnibed previously (6) In summary the samples were
postfixed i osmium fetroxide treated with uranyl
acetate and embedded n Vestopal Thint sections were
stained with uranyl acetate and lead citrate prior to
examunation with a Philips EM 200 electron microscope

In addiuon three golden hamsters and three guinea
pigs from the SSI amimal colony were examined using
the same techniques

RESULTS

Of the 12 animals examined from the SSI animal
colony only the mice were observed to possess the
filamentous segmented bacteriym Al six mice
were 1nfected although the bacterial density was
variable The golden hamsters and guinea pigs were
all negative (Table 1}

The bactenia were found firmly attached to the
epithelial cells by spectalized end segments termed
holdfasts (2) This segment has a mipple like
protruston which 1s embedded i a cone hke

ton of the pl: 1 of the epithelial
cell (Fig 1) The plasmalemma appears to remam
ntact and 1s closely applied to the bacterial cell wall
(Fig 2) A few blebs on the plismalemma could be
observed towards the bottom of the invagination
{Fig 4) Distinct changes occur in the cytoplasm of
the epithelial cell around the attachment site
1 diately below the ! 15 an osmio
philic zone approximately 35 nm wide This 1s
followed by a zone of intermediate density (Figs 2
3 & 5} In certain micrographs it appeared that these
changes may be related to a condensation or

complex Iife cycle wmvolving a number of develop
mental stages has been proposed for a sumiar
bacterum n rats (2) In this paper simgar
development stages for the organtsm present in the
mice of the SSI anymal colony will be ilustrated

Figures 1~17 are electron micrographs of a filamentous
segmented bacterium present in the lumen of the small
sntestine of mice

A double bar (=) on a figure represents | pm and 2
single bar (-) 100 am

The following abb: are used g [
= cortex M = mucrofilaments 1 = inner layer of the
spore wall MV = mucrovdli O = outer layer of ¢
spore wall P = plasmalemma and TW = terminal
web

Fig 1 A secuon showng the special attachment 200¢
between a bacterium and an epithelal cell X 45 000

Fig 2 An enlargement of part of Fig I showtng the
variation 11 structure of the bacterial wall between ¢
area 1 contact with the epithehal cell and that projecting
into the lumen Note the mtact plasmalemma 2":‘
underiying osmtophtlic zone of the epihelial cel

x 90 000

Fig 3 In thts micrograph a segmented filament of the
bactermum 1s shown attached to an epnhthal cell
x 15000

Fig 4 A section through the attachment zon¢ showing
blebs (arrows) on the plasmalemma of the epithelual ot
x 90 000

Fig 5 A cross section through the attachment zone
Note that the region of intermed:ate density appears “]’
consist of cytoplasmuic mucrofilaments of the epathelial
cell % 90 000

Fig 6 A section through part of a bactenal

TABLE | Presence of the f
Bacterrum in the Small Intestne of Rodenis from the SSI
Antmal Colom

Animals possessing

Animals Stram the bacterium®
SSC AH 6/6

Mice

Golden Hamsters SSC GH g; ;

Guimea Pigs 85C AL

mber of ammals Possessing the

. ents the nu
Repres ber of antmals examined

bacterium to the num

filament showing formation of septa (arrows} to produce
primary segments  x 30 000

Fig 7 Part of a filament showing the imtiaton of the
septum (arrows) which will divide the primary segment
1nto secondary segments  x 30 000

Fig 8 A section through part of a bactersal filament
showing two secondary segments which have bcc)n
dwvided unequally by Gansverse septa [arrows
x 30 000

Fig 9 In this section part of 2 Jong filament made vp of
a large number of segments 15 iltustrated X 7 500
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MATERIALS AND METHODS

Six mice {2-3 monpths old) of the SSC AH stoch from the
SSI animal colony were anaesthetized and therr small
intestine exposed The small intestine was opened and

contraction of the microfilaments of the termual
web (Figs 4 & 5) The bactersal wall appeared tobe
of the gram positive type (9) and normally consisted
of four layers but the region 1n contact with the
] cell lacked the outer two layers (Fig 2

m 6% gl n ly buffer
Small pieces of intestine were removed and fixed
overmight Thereafter the material was processed as
described previously (6) In summary, the samples were
postfixed 1 osmium tetroxide treated with wranyl
acetate and embedded 1n Vestopal Thin sections were
stained with uranyl acetate and lead citrate prior to
exammation with a Philips EM 200 electron mcroscope
In addition three golden hamsters and three gumnea
pigs from the SSI amimal colony were exanuned using
the same techniques

RESULTS

Of the 12 amimals exammned from the SSI animal
colony only the mice were observed 10 possess the
filamentous segmented bacterrum All six mice
were infected although the bactertal density was
variable The golden hamsters and guinea pigs were
all negative (Table 1)

The bacteria were found firmly attached to the
epithelial cells by specralized end segments termed
holdfasts (2) This segment has a nipple like
protrusion which 1s embedded m a cone like
nv: 1on of the of the epithehal
cell (Fig 1) The plasmalemma appears to remamn
1ntact and s closely applied to the bactenial cell wall
(Fig 2) A few blebs on the plasmalemma could be
observed towards the bottom of the invagination
{Fig 4) Distinct changes occur in the cytoplasm of
the epithelial cell around the attachment site
I diately below the p 1S an osmo
philic zone approximately 35 nm wide This 1s
followed by a zone of itermediate density (Figs 2
3 & 5) In certamn mucrographs it appeared that these
changes may be related to a condensation or

A number of the orgarusms appeared as single
rods attached to the epithehal cell (Fig 1) A
complex Iife cycle involving a number of develop-
mental stages has been proposed for a stmilar
bacterium m rats {(2) In this paper simiar
development stages for the arganism present m the
muce of the SSI animal colony will be illustrated

Figures 1-17 are electron micrographs of a filamentous
segmented bacterium present 1n the lumen of the small
1ntestine of mce

A double bar {=) on a figure represents | pm anda
single bar (- 100 nm

The fc 3 are used ghout €
= cortex M = microfilaments 1 = mner fayer of the
spore wall MV = mucrovilli O = outer layer of th¢
spore wall P = plasmalemma and TW = termm)
web

Fig 1 A section showmng the spenal attachment 2000
between a bacterium and an epithelial cell X 45 000

Fig 2 An enlargement of part of Fig | showng the
vanation m structure of the bacterial wall between the
area in contact with the epithelial cell and thal projectng
mto the lumen Note the intact plasmajemme and
underlying osmiophtlic zone of the epithelial cel!
% 90 000

Fig 3 In this micrograph a segmented filament of the
bacterium 15 shown attached to an epithehal ol
x 15 000

Fig 4 A section through the attachment zone showig
blebs (arrows) on the plasmalemma of the epithehial cell
x 90 000

Fig 5 A cross section through the atiachment Zof¢
Note that the region of mtermediate density appears o
consist of cytoplasmic microfilaments of the epithelial
celt x 90 000

Fig 6 A dinal sectton through part of a bactersal

TABLE | Presence of the Fil
Bacterium tn the Small Intestine of Rodents from the 851
Anmmal Colony

—

Animals possessing

Ammals Strain the bactermum®
SSC AH 6/6

Mace

Golden Hamsters SSC GH g;;

Guinea Pigs 8SC AL

number of angmals possessing  the

. ents the
o number of animals exarmmned

bacterium to the

filament showmg formaton of septa (arrows) to produce
primary segments % 30 000

Fig 7 Part of a filament showing the itiation of the
septum (arrows) which will divide the primary sesment
1nto secondary segments X 30 000

Fig & A section through part of a bacteral filament
showmg two secondary segments which have b«;‘
dwided unequally by transverse sepia larrows!
% 30 000

Fig 9 In this section part of a long filament made up of
a large number of segments is wllustrated X 7 500



The termunology of Chase & Erlandsen (2) will be
used to describe the various stages At first the
attached rod shaped orgamsm elongates and 15
dvided by transverse septa to form primary
sgments (Figs 3 & 6) The primary segments are
further divided by transverse septa to form secon
dary segments (Fig 7) At this stage the filaments
can be sery long and consist of more than 40
segments (Fig 9) A further deselopment of a
transverse septum divides the secondary segments
unequally (Frg 8) and this septum undergoes
rearrangement to form a spherical body (Fig 10)
which eventually hes free within the secondary
segment o mother cell Then the spherical bodies
clongate they achieve a ¢resenuic shape and each
divades to form two holdfasts (Figs 11 & 12) At
this stage the mather cell may degenerate (Fig 13)
and the holdfasts are released to become attached to
the epithehum In other cases a spore wall 1s formed
around the two holdfasts Thus development 1s
inizted by the appearance of a cortex around the
daughter organssms (Fig 14) Two layers of the
spore coat are then formed around this cortex (Figs
§5 16 & 17) This development occurs prior 10 the
degeneration of the mother cell

Fg 10 A section showing the redistnibution of the septa
{amows) giving nse to sphencal bodies within the
secondary segments > 45 000

Fg 11 Part of the fament where the elongated bodies
Withun the secondary segments or mother cells are found
2 gt of dnision farrows) % 45 000

fiz 1 The two holdfasts formed within each mother
cell are ilustrated 1n this secton x 45 000

fiz 13 A secuon showmmg a holdlast within a
degenerating mother cell ¥ 45 000

Fe H Tws ™TOgTaph shows a sery early stage in
?\m formation The o daughier orgamisms are
urounded by a cortex on the extenor side of Which

Paches of the dense tnner spore wall ace pr
tarrons) x 45 000 " Froet

F
£ 15 This secuon shows a segment 1 which the inner

Wher of
oyt ome spore wall 1s atmost completely formed

f‘( 76 In this part of a fitament the segments contatn
c:ﬂ,;:? N which the mmet layer of the spore wall 15
“%:)eoxnd the outer layer hay staned to form

ez

fo:m‘d A sect on through a segment showing a fully
- spore The spore wall consists of a cortex and
0T A0d outer layers x 45 000

The 1mtial filament consisting of primary seg
ments 15 07 pm 1n dameter and during develop
ments there 15 a progressive mcrease 1n diameter
with the filament which contawns new holdfasts and
spores bewng 1 5 pm in diameter

DISCUSSION

The ultrastructure of the bactenal cell wall and the
changes in the epithehal cell at the site of attachment
observed 1n the present study are simdar to those
deseribed previously m mice and rats from the USA
(2 3 5 10} The possible mechanism of .he
formation of the attachment has been discussed by
Snellen & Savage (14) who proposed that the change
could be related to a parual phagocytosis of the
bacterium which s stabilized by a sol gel transition
1n the cytoplasm around the attachment site From
the present study 1t would appear that this sof gel
transition may be caused by a change 1n character of
the microfilaments of the terminal web as was
suggested by Sneflen & Savage (14)

In the present study all the stages described by
Chase & Erlandsen (2) as representing a complex
Iife cycle of the orgamism were found As described
by these authors the formation of the holdfasts and
spores appears 1o proceed by a varation of
endosporogenesss (7) It was proposed that the
newly developed holdfasts remfect the small mnte
stine of the same mouse while the spores represent
a resistant form which can transmit the bacterum
between hosts (2)

Based on a scanming electron microscope study
Blumershine & Savage (1) suggested that the
wnfection was caused by to types of filamentous
bacteria However from the present study and from
the results of Chase & Erlandsen (2) 1t seems equatty
possible that the different diameters observed
represent early and late stages of filament develop
mens 20d non e dsndt popens

From the results presented 1n thss paper 1t can be
seen that the harter v m nracan v

ne vest ol our knowledge this s the first report of
such a bacterial infecuon in Eyrope The SSC AR
stock of mice 15 a Damish breed of mixed ongin but
115 possible that this stram utially obtamed the
wnfection from mice imported from the USA and
maintained tn the same 2nimal colony

Stnce there was a high meidence of infection 1n
the mice other rodents (golden kamsters and guinea
Pigs) mamtained 1 the same animal colony were
examined These were found 1o be uninfected It
would appear that golden hamsters and gurnea pips
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The termunology of Chase & Erlandsen (2) will be
used to describe the various stages At first the
attached tod shaped organsm elongates and s
divided by transverse septa to form primary
segments (Figs 3 & 6) The primary segments are
further divided by transverse septa to form secon
dary segments (Fig 7) At this stage the filaments
can be very long and consist of more than 40
segments {Fig 9) A further developmem of 2
transyerse septum divides the secondary segments
unequally (Fig 8) and thss septum undergoes
rearrangement to form a spherical body (Fig 10}
which eventually Lies free within the secondary
segment or mother cetl Then the spherical bodies
¢longate they achieve a cresentic shape and each
divides to form two hotdfasts (Figs 11 & 12) At
this stage the mother cefl may degenerate (Fig 13)
2and the holdfasts are released to become attached to
the epithelium  In other cases a spore wall s formed
around the two holdfasts This development 18
intiated by the appearafice of a cortex around the
daughter orgamisms (Fig 14) Two layers of the
Spore coat are then formed around thus cortex (Figs
15 16 & 17) This devefopment occurs prior to the
egeneranon of the mother cell

Fig 10 A secuon showing the redistribution of the septa
farrons) grving mse to sphercal bodies withwn the
secondary segments x 4 000

Fig 11 Part of the filament where the elongated bodies
wilhin the secondary segments or mother cefls are found
ma state of division (arrows) X 45 000

Fig 17 The two holdfasts formed wathin each mother
<l are tlustrated 1n this section x 45 000

Fig I3 A section showing a holdfast within a
degenesating mother cell X 45 000

Fig 14 Tias micrograph shows a very early stage 1n
spore formauon The two daughter organisms are
surrounded by a cortex o the exterior side of which

Palches of the dense jnner spore wall are presemt
{arrows) x 45 900

Fig 15 This section shows a segment 1n which the mner

layer of the spore wall 1s
e goo e spore wall 18 almost completely formed

Fig 16 1n tus part of a filament the segments confain

::cs "o Whih the inner layer of the spore wall s

x4§o§om the ouwter layer has started to form

Fi

!v’fmz A section through a segment showing a fully

oy g Spore The spore wall consists of 2 cortex and
et and outer fayers x 45 000

The 1mual filament consisung of pnmary seg
ments 18 07 pm 1n diameter and during develop-
ments there 1s a progressive ncrease 1 diameter
with the fitament which contains new holdfasts and
spores being 1 5 pm m diameter

DISCUSSION

The ultrastructure of the bactenal cell wall and the
changes 1o the epithelial cell at the site of attachment
observed mn the present study are similar 1o those
described previously tn mice and rats from the USA
(2 3 5 10) The possible mechamsm of he
formation of the attachment has been discussed by
Snellen & Savage (14) who proposed that the change
could be related to a partial phagocytosis of the
bacterium which 1s stabihized by a sol gel transition
1n the cytoplasm around the attachment site From
the present study 1t would appear that this sof gel
transition may be caused by a change in character of
the mucrofilaments of the terminal web as was
suggested by Sneffen & Savage (14)

In the present study all the stages described by
Chase & Erfandsen (2) 2s representing a complet
life cycle of the organism were found As described
by these authors the formation of the holdfasts and
spores appears to prooted by a vamation of
endosporogenesis {7} It was proposed that the
newly developed holdfasts reinfect the small mte
stine of the same mouse whde the spores represent
a resistant form which can transmit the bacterum
between hosts (2)

Based on a scanning electron muicroscope study
Blumershine & Savage (1) suggested that the
fection was caused by two types of

filamentous
bactern However from tha mene f -

Tepresent early and late stages of filament develop-
ment and not two distinct populations

From the results presented i this paper 1t can be
seen that the bacterium nrecont w sha -

e Lest ol our knowledge this 15 the first report of
such a bactersal nfection 1n Europe The SSC AH
stock of muce 1s a Dansh breed of muted ongin but
1t 1S possible that this stram intuially obtamed the
infection from msce imported from the USA and
maimntained tn the Same animal colony

Suice there was a high mcidence of mfection i
the mice other rodents (golden hamsters and gumea
PIgs) maintained 1m the same ammal colony were
esamined These were found to be unnfected Iy
would appear that golden hamsters and guinea pigg






The termunology of Chase & Erlandsen (2) will be
used to describe the various stages At first the
atached rod shaped orgamism elongates and 15
dwided by transverse sepla to form primary
segments (Figs 3 & 6} The prmary segments are
further divided by transverse septa to form secon
dary segments (Fig 7) At this stage the filaments
can be very long and consist of more than 40
segments (Fig 9) A further development of a
transverse septum drvides the secondary segments
unequally (Fig 8) and this septum undergoes
rearrangement to form a spherical body (Fig 10}
which eventually lies free within the secondary
segment or mother cell Then the spherical bodies
elongate they achieve a cresentic shape and each
divides to form two holdfasts (Figs 11 & 12) At
s stage the mother cell may degenerate (Fig 13}
and the holdfasts are released to become attached to
the epithelium In other cases a spore wall 1s formed
around the two holdfasts This development 15
1nated by the appearance of a cortex around the
daughter orgamisms (Fig 14) Two layers of the
spore coat are then formed around this cortex (Figs
15 16 & 17) Tius development occurs prior 1o the
degeneration of the mother cell

Fg 10 A section showing the redistribunon of the septa
Grrows) gvimg mse 10 sphencal bodies within the
secondary segments  x 45 000

Fig 11 Part of the filament where the elongated bodies
witbin the secondary segments or mother cells are found
10 a sate of division (arrows) x 45 000

Fg 1 The o holdfasts formed within each mother
cell are dlustrated 1n this section  x 45 000

Fg 13 A secuon showing a boldfast within a
degenerating mother cell % 45 000

fig 14 This micrograph shows a very early suge in
Sport formauon The two daughter organisms are
Sussounded by a cortex on the evienor side of which

Paiches of the dense inner spore wall are present
tarrows) x 45 009

ﬁ'f,,” r1&.: Section show s a segment (n which the tnner
of the spore wall 15 alm
ot ost completely formed

Fig 16 1n this part of a filament the segments contain

:::;T n w;.cn the inner layer of the spore wall 15
ie and i

e e outer fayer has staried to form

I

re’fmg A section through a segment showing a fulty
Spere The spore wall consists of a cortex and

TOET and outer layers x 45 000

The 1mtal filament consistng of pnmary seg
ments s 07 pm 1n diameter and duning develop
ments there 1S a progressive increase 1o dameter
with the filament which contains new holdfasts and
spores being | § pm in dameter

DISCUSSION

The ultrastructure of the bacteral cell wall and the
changes mn the epsthelial cell at the site of attachment
obsersed 1n the present study are simsar to those
described previously 1n ouce and rats from the USA
(2 3 5 10} The possible mechamsm of .he
P B \

. o why - -
bacterium which 1s stabthzed by a sol gel transition
In the cytoplasm around the attachment site From
the present study 1t would appear that this sol gel
transition may be caused by a change in character of
the mucrofilaments of the terrmunal web as was
suggested by Snellen & Smage (14)

In the present study afl the stages deseribed by
Chase & Erlandsen {2) as representing a complex
ife cycle of the organism were found As described
by these authors the formation of the holdfasts and
spores appears 10 proceed by a vanation of
endosporogenesss (1) 1t was proposed that the
newly developed holdfasts reinfect the small inte
sune of the same mouse while the spores represent
a resistant form which can transmit the bacterium
between hosts (2)

Based on a scanmung electron microscope study
Blumershine & Savage (1) suggested that the
nfeciion was caused by two types of filamentous
bacteria However from the present study and from
the results of Chase & Erlandsen (2}t seems equally
possible that the different diameters observed
represent early and late stages of filament develop
ment and not two distinct populations

From the results presented 1n this paper it can be
sopm b Lot
§¢
de
th v .
su

Stoun v 1 w1y 4 Pamish breed of mixed ongin but
it :s possible that this stran itially btatned tha

»uunliLs (golden hamsters and gutny

Pigs) maintained 1n the same animal colonf wcf:
examined These were found to be umnfected It
would appear that golden hamsters and guinea pigs



do not harbour this organism and there are no
previous reports of i1t bemng present Thus the
bactertum seems to be limited to mice and rats An
elongated bacterium attached to the ileum of
chickens was described by light mucroscopy (8) but
1ts possible relationship to the bacterium found 1n
the mice and rats 1s unknown

The bacterum appears to be non-pathogenic to
the animals harbouring 1t but its affect on the
physiology of the host 1s unknown It has been
noted that although the bacterium 1s 1n contact with
the host cells, there 1s no sigmificant inflammatory
response (3, 10, 14) It 1s thus possible that the
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Chase, D G & Erlandsen S L Ewvidence for a
complex life cycle and endospore formation m the
attached, filamentous segmented bacterum from
murine tleum J Bact /27 572-583 1976
Daws C P & Smage D C Habitat succession
attachment, and morphalogy of segmented filamen
tous microbes indigenous to the murine gasromte-
stal tract Infect & Immuntty 10 948-956 1974
Davis C P & Savage D C Effectof penccillin on
the h and logy of
segmented filamentous microbes n the munne
small bowel Infect & Immumty /3 180188
1976
Erlondsen S L & Chase D G Morphologcal
1 the border of willous

bacterium 1s affecting the normal
response of the host In addition, since the microvilli
are affected at the site of attachment (5, 14) 1t 15
possible that heavy infections may affect intestinal
function Our findings are reported to draw
attention to the fact that experimental mice n
Europe like those in the USA can be infected with
this bactersum and that such an infection may affect
experimental results

These observations were made during a project on the
brology of Toxeplasma gondu which was being carried
out 1n co operation With Dr J Chr Sum Department of
Statens  Ser Copenh

Denmark and Professor B A Hutclison Department
of Biology University of Strathelyde Gtasgow Scot
land The project was supported by grants from the
World Health Orgamization Generva the W ellcome Trust
the Damish Medical Research Council and the 1 H
Ross Foundation

We are indebted to X L Fennestad XN M D for
supplying amimals and to Miss 4 G Overgaard and Mr
F Laursen for photographic assistance
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ULTRASTRUCTURAL STUDIES ON THE SPORULATION
OF OOCYSTS OF TOXOPLASMA GONDII

I Formation of the Sporozoites within the Sporocysis

D ] P FERGUSONI™ A BIRCH ANDERSEN’ J CHR Sif\fland & M HUTCHISON?!

FAO/WHO Collaborating Centre for Research and Reference in Toxoplasmosis! and Department of
Biophys cs? Statens Serununstitut Copenhagen Denmark and Department of Biology? Umiversity of
Swatbelyde Glasgow Scottand

Ferguson D J P Birch Andersen A Sum J Chr & Huwchison W M Ultrastructural studies on
the sporulation of oocysts of Toxoplasma gondu NI Formation of the sporozastes within the
sporocysts Acta path microbol scand Sect B 87 253-260 1979

Sporozone formation was <tudied 1 oocysts Which had heen allowed to sporulate for 16 24 36 and
48 hours at 27°C The process was mitiated within sporocysts which had a fully formed wall A
nucleus was situated at each end of the orgamsm Two dense plaques which consisted of to closely
applied unt membranes with underlying microtubules were observed close 1o the hmiting membrane
the vicinity of each mucleus At this stage the nucler possessed an eccentrically located nuclear spindle
the poles of Which were dwected towards the plaques Sporazatte formauon continued wath 2 posterior
growth of the plagues by an of the limiting Two are
formed from each end of the sporocyst AS this ts occurrng the Golgr bodies appear active and
numerous membranes and vacuoles are formed Each developing sporozonte encloses a number of these
vacuoles {probably precursors of the thoptnies and micronemes) and after the final nuclear division a
nucleus 15 also enclosed The posterior growth of the plaques contuzs unul the formation of
spotozoies i completed Thus 1he mature sporocyst comtawns four sporozones and a residual
cytoplasmic mass Each sporozonte contains & few polysacchanide granules 1o addition (o the previously
mentioned organelles but lacks refractile or crystalioid bodies

hey words Toxoplasma gondu sporulaton sporozoite formation ultrastructure
J Chr Sum Depart

of Statens S
Copenhagen S Deamark

Amager Boulevard 80 DK 2300

Recenr 00,70, saocepeds s ™y

Detats of the ultrastructural changes occurrmg
duning the sporulation of the ococysts of the
coccidian parasite  Toxoplasma gondn have not
been completely described In Previous papers we
have described the development of the zygote

—_—

. Ddamsh Medical Research Council Fellow Present

aE:ms Department of Pathology Unwversty of

inburgh Medicat School Teviot Place Edinburgh
Sotand

Tormation and structure of the sporoblasts and
formation of the sporocysts (6 7) In this report the
formation of the sporozoites within the SPOTOCYsts
of T gondu will be described and compared to that
reported for other members of the Sporozoa

MATERIALS AND METHODS
The materials and methods we;
G 6) In this study OOCYSIS W
sparulate for 46 24 36 and
The results are based on the e
tely 400 electron micTographs

re as described Pprevicusly
hich had been allowed 10
48 hours were examuned

Xaminaton of approxima
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Figures 1 and 2 are ight micrographs and Figures 3-19

The following abbseviations are used throughout L

conod CE - centnole ER = rough endoplasmic
renculum G = Golgibody L = Lipid globute LM =
Iimuung, membrane (plasmalemma) All = mstochon
dnon MN  microneme MP = mucropore MT =
murowbule N = nucleus NP = nuclear pole NS =
muclear spindle P plague PG = polysacchande
granule PL pelicke R — rhoptries RB= residual
body SP — sporozoite 5% — sporocyst wall UM =
umt m¢mbrane v vacuole {precursot of thopiry of
micsoneme)

Fig 1 A secuon of an oocyst showing the two
sporocysts which each contamns a single cytoplasmic
mass 10 o1 ¢ sporocyst a putleus tan be seen positoned
at each end of the organism {arrows) X2 500

Fig 2 A secuon through a mature Sporocyst within
which the sporazortes are visible {arrows) % 2 500

Fig 3 A longitudingl secuon through 2n eadly sparo
cyst 11 Which 2 nucleus can be seen 3t either end of the
organism  Note the dense plagues in the cytoplasm
adjacent 10 the sporocyst wall (arrows) In addiuon the
cytoplasnt contains a pumber of polysaccharide granules
1pid globules and some rough endoplasmuc reuculum
* 15000

Fig 4 A tangental section through the lumting mem
brane of an early spofocyst showing the presence of five
micropores (small arfows) Note the junction betwsen
%0 of the plates of the iner layer of the sporocyst wall
{large arrow) x 45 QOO

Fig 5 A section through 2 mult by vacuole

Fig 9 Past of a section 1 which an extensive Golgt

RESULTS

Light Microscopy

At 16 hours sporulation a number of the oocysts
possessed tho developing SPOrocysts After 24
hours the majority of oocysts contaned two fully
formed sporocysts At this stage a few of the
sporocysts Contamed sporotories At 36 and 48
hours the majority of sporocysts contamed fully
formed sporozoites

Light mictoscopy was carried out on | pm thek
sections staned with toluidime blue Details of the
structural changes which octur as the newly formed
sporocyst containg 2 siagle cytoplasmic mass
(Fig 1) develops into a sporocyst containng four
sporozostes (Fig 2) could not be resolved using the
light microscope

Electron Microscopy

The development of the sporoblast into the
sporocyst as well as the formaton of the sporocyst
wall has been described previously (7)

The newly formed sporocyst is ellipsoidal
shape and contamns a single cytoplasmc mass
lirmited by a unit membrane (plasmalemma) external
to whnh 1s the sporocyst wall The plasmalemma
POSsesseS numerous miCropores five have been
observed 0 a single thin section (Fig 4) In the

ohserved close 10 the site of winal sporozone formauon
Note that a number of unit membranes are hmung the
vacyole larrow)  x 90 000

Fig 6 A secuon through a sporocyst showing one end
of the osganism wth 1% 6 dense plaques (arrows) close to
the hmuting membrane 1n the region of a nucleus Note
the presence of a oo 10 the centre of one plaque
Golgr bodies 3 cagher of vacuoles 2 muochongnion

and some rough endoplasmic reucujum are also visible
x 30 000

Fig 7 A secuon hrough one end of a Sporocyst
showing 2 nucleus m iuch a nucleat spindie can be
seen Note the censiales ¢lose 10 the nuclear poles and
that st poles are durected towards the two dense
Plaques (arrows) present close to the himiting membrane
of the organism x 45 000

Fig 8 A higher magnification showing the tegion of 2
plaque The plaque cOnssts of tno tlosely applied unit
membranes (arows) wih underdying microtutules
sl adjacent to the hmiing membrane of the
organism . x 160 600

anucleus with Golgt bodies 15
situated at either end of the organism A number of
polysaccharide granufes hipid globules mitochon
dua and some strands of rough endoplasmic
reticulym are also present (Fig 3)

The first evidence of the itiation of sporozoste
Tormaon s the appearance of two dense plagues at
either ¢end of the organssm close to the limuting
membrane and 1n the vicinaty of a nucleus (Figs 3&
6) The plaques consist of two closely applied unit

with 1 and thus
Tepresent the anlagen of the mner membrage
complex of the pellicle of the sporazortes (Fig 8) A
Sonoid 15 present 1n 1he centrat region of the plaques
(Fig 6) At tus stage an ecoentrically located
nucleas spindle can be observed within each nuclevs
Fig D Tre poles of this spindle are directed
towards the developing plaques  Centrioles are
present close 10 the nuclear poles {Fig 7} Extensive
Golgr bodies are obsers&d close 1o the nucleus along
With numerous membranes and
sues (Fig 9)

vacuoles of various
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Fg 10 Part of a section through an early sporocyst
showing the posterior growth of a dense plague (arrows)
and the mvagnaton of the [miung membrane
*30000

Fg Il A higher magnification of purt of Fig 10
show ng the mvaginated fimiting membrane and 11s tlose
selauonship to the dense plaque ¥ 90 000

Fqg 12 Partofa sseton tuough a Sporocyst at a later
stage of development than that m Fig 10 In this
orgatusm the postersor growth of the sporozonte anjagen
has progressed further (arcows) Note that the two poles.
of the nucleus have moved apart x 30 000

Fig 13 Partof a section through 2 sporocyst in which
the anterior of a sporozoite has been formed by the
postersar grawth of the plaque (arrows) The cytoplasm
of the sporozove contatns a number of vacuoles
x 30 000

Fig 14 A higher magnificauon of part of Fig 13
showing the tavaginated plasmalemma and the plaque
which cansists of two closely applied usit membranes
* 9D 000

Fig I5 A longitudinal section through 2 late sporofyst
showing, three of the developing sporozontes Note that
the posterior growth of the plaque {arrows) has enclosed
2 nucleus t  huch the nuclear pole can he seen d rected
towards the anterior of the sporozote % 15 000

£g 16 A cross secyon
tlustratea x 15900

Fg 17 Pant of a sectio
x50 000

Fe I8 Pan of a section
m crotubules can be seen

5‘5 #9 A section presenung part of a <o cey
LU

Na A we " v
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fhrough 2 mature sporocyst n wh ch the four sporozoutes and e

theough 3 mature sporocyst 1 w
The zeuduat body 15 howed by a 5,

© ves dual hody are

"
through a sporozone showing the periphery with a micropore Present on the pellycl
e pellicle

hich the pellicle of 2 §
POroZO
ingle unit membrane x 90 ()00lle 1 ety

whon e

o '

' Ao
A



Y g

0

oo L TN,
Pese
L )

. RSt

59 5]

¥

\.._
T
}¢ m.’.ﬁ .<~u t
RN Fet L)
xt..?ﬂ?\a,ﬁw t«.,uqu P
PERTY Ut
EYRRISICIAES S IR RV




Tractured before the orgamism was properly fited
and embedded Thus a high percentage of the
sporocysts were enher not fited and embedded or
destroyed by the cryostat The

the mother cefl sucface and thus resembles the
process of exogenesis Consequently it appears that
T gondu 15 the first member of the Sporpzoa which

of the sporocyst wall prior 10 formation

can be Ily shown (,c undergo both

1s sumilar to that reported for related famulies and
genera{2 11 14 16 17 18 19} but differs from
E brunett: (5) where sporocyst wall and sporozoite
formatton occur simultaneously
In7 gondn the imtiation of sporozoite formation
35 evidenced by the appearance of dense plaques
dlose to the hmting membrane i the vicnity of the
nucler 15 sumiar to that reported for all other
members of the Sporozoa i which sporutation has
been examined (for references see 5 The process of
sporozotte formation occurs by an smagmation of
the sporozone anlagen into the cytoplasmuic mass of
the sporocyst Thus 1s stmular to that described for £
bruneitr (5) Coelotropha durchont (14} Diplawcs
schrevels (16) D hatte {19) and Aggregata ebertht
(10 18) As proposed previousty (5) ths form of
development could be related to the fact that the
process occurs within the confines of a sporocyst
The process observed 1n T gondni 1s very similar to
that described for £ brusett {5} except that n T
gondu two sporozostes are formed from either end
of e sporocyst In addwion the sporozoute
formation in 7 gondut differs from that reported on
other members of the Sporozoa 1n that the final
fAuclear division oocurs duning the development of
he sporozoites
The majonnty of studies on asexual multiplication
Within the Sporozoa have been on merozoie
formation tschizogony) although there are a few
Studies on sporozoste formation (for references see
5¥ The Lterature on merozonte formation has been
fesiened by Porchet Hennere (15) Hammond (9)
2nd Akana & Sterhnrg (1) and from the asailable
‘aformation ut has been proposed that two types of
Schizogony can occur In one case the daughter cett
formation oorurs at the surface of the mother cell
while in the other daughter formaton takes glace
Wihun the mother cell (endody ogeny or endopoly
gony} Except for this aspect both processes are
Smlar and the teTMS exogenese {exogenesys) and
endogenese (endogenesis) respectively  have been
Proposed (24} These terms can also be applied 10
sporozone formation From the studies on sporozo
e formaupn of members of Sporozoa 1t would
appear that the organisms undergo exogenesis (for
teferences see5) In the case of T gondii however
the endogenows forms are characterized as undergo
Ing endogenesis i  hich the enteric forms multply
by endopotygany (13) and the evoenenc forms by
endodyogeny (12) In contrast as the results 1n the
Fresent study show sporozote formatnn macyrs at

and end: on the stage

of the life cycle examined This emphasizes how
closely related the two processes are and although
they seem to he charactenstic for a particular stage
1n the fife cycle of certain species they should not be
used as a species characterstic

A multimembranous vacuole 1s observed during
the early stages of spororone formaton lts
structure 15 similar to the organelle fermed the
Golgs adjunct described during endodyogeny of T
gondui (12) The organelle has been observed durning
asexual development o both T gondu and certain
Eumeriaspp (for relerences see 4) but s funcuional
stgruficance 1s still unknown

‘The sporozotes of T gondir possess the conoid
rhoptries and micronemes which are characteristic
of the infective stages of the coceidia The sporozo
stes Jack however both refractle bodies and
crystallod bodies whereas a few polysaccharide
granules are present Thus the sporozowes of T
gondu dffer from those of the closely related
Euneriaspp (5 20 22 23) which possess refractile
bodies and fsospora cams {21} which possesses a
crystalloid body The function of these bodies 1s
unclear and thetefore the signdficance af therr
absence . T gondu 18 unknown
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Text Fig 1 A diagrammatical representation of the changes observed during the formatron of the four sp
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(A-C) The structure of the fully sporulated sporocyst 1s shown m D

Sporozoite formation continues as an inward or
posterior growth of the plaques which 1s accompa-
nied by an on of the
(Figs 10 & 11) At this time a multi membranous
vacuole can be observed close to the plaques (Fig 5)
As development proceeds the nuclear poles move
apart (Fig 12) and vacuoles with amorphous
contents become enclosed by the posterior growth
of the plagues (Fig 13) The vacuoles vary mn size
and probably represent the precursors of the
rhoptries and micronemes The plaque can still be
seen to conssst of two closely applied umit membra-
nes (Fig 14) Two sporozottes are formed from
exther end of the orgamism Associated with this
development the nucleus present at erther end of the
organtsm divides once and the four nucler thus
formed become enclosed within the developing
sporozontes (Fig 15) The nuclear pole 1s setained
dunng this development, and 15 oriented towards
the antertor end of the formung sporozoste (Fig 15)
The posterior growth continues and a few mito-
chondria, polysacchande granules and some rough
endoplasmic reticulum become enclosed by the
developing pellicle A posterior pore 1S formed by
{he wnner layer of the pellicle prior to the refease of

the fully developed sporozotte from the residual
cytoplasmic mass In a few sporozoites Tipd
globules were also present (Fig 16) Thus the
sporocysts at this stage contamns four sporozostes
plus a residual cytoplasmic mass in which 2 number
of polysaccharide granules, hpid globules, mito-
chondria and some rough endoplasmic reticulum
are present (Fig 16) The residual body 15 enclosed
by a single unit membrane (Fig 18) The sporozo
ttes possess a conord a nucleus and a number ©
rhoptries, micronemes polysacchande granules
mitochondria and a few strands of rough endoplas-
muc reticulum (Fig 19) Each sporozoite Is envelo-
ped by a pellicle on which a micropore 15 present
(Fig 17) A dragrammatical representation of the
process of sporozoite formauon 1s given n Teut

Fig |

DISCUSSION

This study was complicated by the fact that the
sporocyst wall 1s formed prior to the nstiation of
sporozoite formation This meant that not only the
oocyst wall but also tne sporocyst wall had to be
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MAN SERA

ELISA FOR HERPES SIMPLEX VIRUS (HSV) TYPE SPECIFIC ANTIBODIES IN HU

USING HSY TYPE 1| AND TYPE 2 POLYSPECIFIC ANTIGENS BLOCKED WITH TYPE
HETEROLOGOUS RABBIT ANTIBODIES

Bent F Vestergaard and Per C Graubaile

Department of Climical Virology Institute of Medical
Denmark

Unnversity of Co

Vestergaard B F & Grauballe P C ELISA for herpes stmplet virus (HSV) type speaific anubodies
m human sera using HSV type | and type 2 polyspecific anugens blocked with type heterologous
rabbat anubodies Acta path mucrobiof scand Sect B 87 261 263 1979

Crude anugem preparations made from rabbit cornea cells infected with either HSV type | oF type 2
could be used m ELISA for utraton of HSV type spenific anubodies i human sera  Afier
smmunochemcal bind ng of the crude HS\ anugens i mucroture wells by use of 1ype homologous
rabbit antibodies type common antigenic sites were blocked with type heterologous rabbit antbodies
Titration of human sera m this system showed that high concentranons of type heterologous rabbit
anubodies were capable of completely blocking type-common antigenic sites while leaving type specific
anugenic sues unblocked and capable of reacung with human antibadies Thus HSV type specific

antbodies 1t human sera could be measured :n ELISA without the use of punfied typespecific

antigens

Key words Herpes simplex virus ELISA type specific antbodies

B F \esergaard Department of Clinical Varology Institate of Medical Mrcrobiology Juliane Manes \ ¢

22 DK 2108 Copenhacen @ Denmark
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A number of existing serological methods based on
relative measyrement of antibody activity against herpes
simplex virus (HSV) type 1 and type 2 are in general
unabie 10 exactlv identfy and measure anubodies against
JRIEAYT types i tie same serum {3)

e have previousty developed an ELISA for utration
of HSV anubodies (4} and have reported on the
measurement of HSY type 2 specific antibodies by
ELISA  wung tpe 2 specific antigens purified by
immunospecifi. affimty chromatogeaphy (1)

This paper describes an ELISA method for exact
measurement of both HS fpe | and type 2 specific
antibodies 1 human sera without the use of purified
HSV wpe speaific anugens

Materials and Methods
Ant gens Crude HS\

type 1 (strain Fland
fstrain G anugemse pre 0 Flard HS\ type 2

eParations were prepared from

non 1ome detergent Traton X 100 as previously descrs
‘bed (5)

Annibod es Rabbits were 1njected Intracutaneously
with the total somicate from 107HSV infected rabbit
cornea cells maintained 10 medum supplemented with
2% rabbit serum and harvested at the time of full
cytopathic effect The ammals were boosted twice at
wtervals Of two weeks and bled 10 days after the fast

booster  Each serum was evaluated by quanutanve
Immunelerteania o & ©

1o HSV

the 1mm

method ¢

puntfied puiyspectic rabbit mmunoglobuhins 1o HSY

type | and HS\ type 2 wall be designated R
e | an} 2 a | and Ra 2

Human sera Ananu HS\ neat o
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was fived to the plastic with glutaraldehyde as described
previously for antigen coatng (4) 3} Protein saturation

200 pl of 10% Toetat calf serum @ luted 1n the washing
fhud was added to each well and Jeft overnight at 4°C

Al the subsequent immunochemica! reactions (steps 4 to
8) 1ok place 1n PBS with 003% Tween 20 Q5%
bovine albumin and addiuonal NaCl up 10 05 A 4)
Anugen coarmg 100 ) crude HSV type | anugen
d {utons were added to Ra 1 coated wells and HSV type
2antigen to Ra 2 coated wells The anugens were Jeft
overn ght at 4°C 5} Blockmng 100 1t of Ra 2 dilunions

sera 100 p of human serum diuted 1 100 was added 1o
each well without empiying the wells for blotking rabbit
anubodies Incubation for 30 minutes at 37°C 7)
Fayme 100 uf of peroidase conpugated rabbit antt

human 1¢G (p 1090 DAKO inmuncglabulins Capen

bagen Denmark) dituted 1 1000 w2s added (o each well
4nd incubated for 30 minutes a1 37°C 8} Siam 50 mg of
12 phenylendiaminodihydrochtoride (Fluka AG pu

ris9) was dissolved 1n 100 ml 0 05 M NayHPO~0 074
M oiric aod buffer pH 50 Just before use 20 pl of
30% H10; was added and (00 pl of the mixture was
Pleced 19 each well The 1eachion was stopped after 5 10
15 muutes by the 2ddition of 150 pt 2 N HaSO4 and the
opucal density (OD) vatues werz read at 497 nm 1n a
Vitatron photometer Extensive wastungs were carried
out between s1eps 2 10 5 and 6 10 8 using PBS with
005% Tween 20 and additsonal NaCl up 10 0 5 M

Results and Discussion

Fig 1 shows the almost § near decrease 1n OD values
*1th cecreaving amounts of antigen Fig 1A shows that
Hu ) reacted more strongly than Hu 7 with HSV type 1
anugen while the opposite patiern s seen with HSY ype
2anugen (Fig 1B) The arrows (ndicate the amount of
AngeEn used 0 whe WSV type specific blocking assay
shown i Fig ?

12 2A shows that Ra 2 in dufutions 1 8 and | 16 nas
“apadle of blocking complerely the HSV typecommon

antigenic sites of the crude HSV type | antigen since
Hu 2 ¢id not give any speaific reactions In the same
diivvon Tange of blocking anubodies Hu 1 reacted
postively thus indicating that HSV type | specific
anugenic sues were accessible 1o human antibodies Fig
2B shaws that stautar results were obtamed with HSV
type 2 anugens blocked with Ra | The reason why the
actual OD values of Hu | and Hu 2 wathout blocking
anubodies were huigher in Fig 2 than those indicated by
the arrows 1n Fig 1 was that longer Teachion times were
used 1n the blocking assay This did not lead 10 an
1ncfease 1n the OD level obtamned with Hu 0

Tn conclusion Fig 2 shows that blocking with high
concentrations of Ra | and Ra 2 resulted 1n a completely
HSV 1ype speatfic ELISA for utravon of human
antibodies A number of mdividual human sera obtaimed
from virologucally mvestigated cases or sera ttrated by
other serological methods have been tested i our
ELISA using adjusted amounts of crude HSV nype |
and 2 anugens and of blocking Ral and Ra2
determined as described above The results so far have
been m agreement with the clinical records or with
previous serological results

This work was supported by the Damsh Cancer Societs
and Ronsuf Ehrenfried Owesen & Hustrus Fond Ve
thank Dr / Orstavik for supplying the HSV type 2
anuserum from the neonatal herpes pattent and Ms
Hanne Spanggaard and s Ulla Soborg Larsen for
excellent techmcal assistance
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Firg 1 ELISA OD values of Hu | Hu 2 and Hu 0
diluted 1 100 reacung with twvo fold diiutions of HSV
type | anugen (Fig 14)and HSV type 2 anugen (Fig
1B) without bloching rabbit antibodies

Hul Hu 2

The shadded aren represents the range of OD +alues
(0 04-0 08) obtarned with Hu 0

¢ old child which had survived neonatal
herpes and several minor recurrencics and two reconva
lescent sera from primary \nfections 10 aduits Al three
cases were virologcally confirmed HSV type 2 infec
wons and none of the sera reacted m CLISA wath 2
punfied HSV type | spectfic glycoprotein (Vestergaard
& Grauballe 1n preparauon)

from a one yea

o7 1 7
3456 7 8 9-Ab
- Log2 of blocking Ab

Fig 2 ELISA of Hu | Hu 2 and Hu 0 diluted | 100
reacting with HSV type ! anugen diluted 1 2048 and
blocked with two fold dilutions of Ra 2 {Fig 24} and
HS\ type 2 anugen diluted | 1024 and blocked with
two fold dilutions of Ra 1 (Fig 2B)
Hy | ———— Hu2

The shaded area represents the range of 0D ratues
(0 04—0 08) obtained with Hu 0

A third serum pool (Hu 0) was a collecton of serd
without detectable HSV anubodres determwned by
ELISA (B

ELISA The test was made m mucrotest plates 96 U
PS NUNC Roskilde Denmark) 1) Pre coanng Was
performed as described previomly (9 2 Catching
antibodies Ra 1 or Ra 2 diluted | 500 i disulted water
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1 using agar

A quantiative assay method for determmation of thiomersal 1 brological products 15 descnibed ‘?‘nhd
wa?uaud A mucrobological method vswg agas diffusion (rom filter paper discs 15 used The

advantages of the method m terms of low cost and relability for determining the actual antimicrobial
activity 10 the preparation are discossed

“The 2553y method 1S 10 routine Use 18 the production control
of vacames at our Tnsttute

Key words Thiomersal quantitative assay agar diffusion paper discs

T E Chnstensen Serum and Vaccine Department Statens Serumunstinit Amager Boulevard 80

DK 2300 Copenhagen S Denmark

Recerved 31 va 78 Accepted 1911 79

Vanous methods for the evaluaton of the
antimicrobal activity of preservatives are in use 1n
severa) laboratories Detaned descriptions of such
mucrobiological assays have been presented by
Greenberg & Naubert 1970 who also stress the
advantages of mictobrological assays over chemical
assays as regards evaluation of the antimicrobial
actvity of preservatives 1 pharmacologwcal pro-
ducts

1n the production control at Statens Servminsty
tut Copenhagen the content of thiomersal in
brological products has been determuned for many
years by chemical methods However beng aware
of the shortcomings of the chemical assays 1n
esimation of the actual antimicrobual actrvity of
breservatives  we considered several years ago
adapung the same techraque 2s that used 1n the

per disc agar diffusion assay of anubiotic activity
descrived by Vesterdal 1947 Thomsen 1967 and
Bang 1970

Following prelmmary attempts which gave

promsang resulis the method descnbed below was
designed

MATERIALS AND METHQDS

The preparations to be assayed consisted of formalde
hyde mactivated antigen aluminum hydroude and
thiomersal stabifized with EDTA®)

After sustable difution the test preparaton was
sucked up tnta Gilter paper discs which where placed
together with discs contaiming reference solutions on a
petst plate contaming broth agas The plates were lefi for
‘prediffusion at room temperatuse for 24 hours The discs
‘were then removed and the plates flooded with 5 mi of a.
suspension of the test bacterta Afier sucking off the
surplus. the plates were mcubated at 37 °C for 24 hours
and the inhibitson zones were measured using a strip of
millimeter paper

The nutrient medium used was common broth agar

The petr: plates used were of plastc materal and were
flat bottomed with a diameter of 14 cm

The broth agar plates were manufactured on a large
scale and at low cost. and therefore the amount of agar
each plate unfortunately vanes The size of the mhibrtron
zone depends on the thuckness of the agar layer so discs
with each of the reference solutions must be placed on

*} Disodsum salt of ethylenediamune teteaacetic acid
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! using agac

of thiomersal in biological products 1s deseribed and
metbod using agar diffusion from filter paper discs s used The

{ low cost and relsability for determuning the actual anumicrobial
ed The assay method 15 1n routine use mn the production control
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Varous methods for the evaluation of the
antimicrobial activity of preservatives are 1n use 11
several laboratories Detaled descniptions of such
microbiological assays have been presented by
Greenberg & Naubert 1970 who also stress the
advantages of microbological assays over chemucal
assays as fegards evaluanon of the antimicrobial
acuvity of preservatives 1n pharmacological pro
ducts

In the production control at Statens Serumunsts
wt Copenhagen the content of thiomersal in
brologicat products has been determined for many
years by chemucal methods However being aware
of the shortcomings of the chemical assays i
esumation of the actual anumicrobial activity of
preservalives we consdered several years ago
adapting the same technique as that used m the
paper disc agar diffusion assay of antbiote. achvity
described by Festerdal 1947 Thomsen 1967 and
Bang 1970

Following prelminary atempts which gave

promising results the method described below was
designed

MATERIALS AND METHODS

T~ e

sucked up into filter paper discs which where placed
together with discs containing reference solutions on a
petn plate contaimng broth agar The plates were left for
prediffusion at room temperature for 24 houss The discs
were then temoved and the plates flooded with 5 ml of 2
suspension of the test bactena. After sucking off the
surplus the plates were incubated at 37 *C for 24 hours
and the inhbition zones were measured using a str1p of
mihmeter paper

The nutrient medium used was common broth sgar

The petri plates used were of plastic matertal and Were.
flat bortomed with a diameter of 14 cm

The broth agar plates Were manufactured on a large
scaleand atlow cost and therefore the amount of agar in
€ach plate unfortunately vanes The size of the inhibition
one depends on the tuckness of the 2ga7 layer so thiscs.
Wb each of the reference solutions must be placed on

_—

°) Disodium salt of ethylenediamine tetrazcetic acid



each plate The plates must be free from bubbles and not
too wet when used

The filter paper discs are obtained commercially
(Schlescher & Schull No 2668 and are autoclaved before
use The weight of water adsorbed by each of 100 discs
from each batch was measured I'rom the batch used in
this mvestigation the mean weight absorbed was 31 4
mg with standard deviation 2 0 mg

The bacterial suspension used for naculum was a 24
hour broth culture of Sarcina lutea ATCC No 9341
dilnted | 3 11 <aline

Preliminary Assays

Four discs representing a two fold dilution sertes of
thiomersal m saline from 140 000 to 1 320 000 were
placed on each of five plates The plates were left for
prediffusion at foom temperature for 24 hours after
which the discs were removed and the plates moculated
and incubated as mentsoned under Materials and
Methods

In addition five other plates were moculated as
described  Five discs representing a two fold dilution
series of thiomersal i salime from 110000 to
1 160 000 were placed on each plate and the plates were
incubated 1immediately for 24 hours {te without a
prediffuston period)

F g the

period all z0nes

were read

Dilutions of thiomersal 1n saline concentrations
180000 1160000 1320000 and I 640000 were
prepared Equal solutions were produced with EDTA
EDTA and alumimum hydroxide and EDTA alumi
nwm hydroxide and horse serum were added in
concentrations which were one tenth of those present in
the vaccines to be tested Horse serum was chosen n
order to see how the presence of protein affected the log
concentration response curve These 16 preparations
were compared on {2 plates with four preparations on
each using preauflsion 16r 24 dours

Proposed Procedure

On the basts of these assays the following procedure
for determining the concentratton of thiomersal n
vaccines was developed

The concentration of the standard solutions and the
strain of test bacterta were selected so as to be optimal 1n
a concentration range of thiomersal 50 to {00 mg/lire
since the vaccnes are intended 1o contam 100 mg/hire
(1 10 000}

Two standard sotutions of thromersal 1 80000 (125
mg/htre} and 1 160 000 (6 25 mg/litre) in saline are

used
The preparations i be tested are diluted ) 10 1n

saline
Test and standard solutions are sucked up into the
filter paper discs and ane disc with each of the standard
soluttons 1s placed on each plate together with two discs
contaming test solution

Alfter this the plates are lel
24 hours for prediffusion

The duscs are removed an:

ft at room temperature for

d the plates flooded with 5

INH BIHON ZONE mm
5
2
EY
2
ar
»
2
2
n
2
25

T nzlngmu 9 10 11/0g conc o THOMERSAL

s25mgt 125 mg { STANDARD SOLUTy

Fig | Example of calculation of a plate from an assy of
tetanus vaccine {Table 2)

Inhibition zones Standard {25 mg/) =35 mm 8§23
mg/l - 28 mm

Test Vaccine diluted | 10 27 mm correspending 10075
log units and 26 mm correspondmng to 0 71 log unis
Mean 073 indicating that the undiluted ‘actpe
contamned 54 mg/1

ml of a suspension of the test bactersa This s allowet o
settle for one minute and the surplus 1s sucked off

The plates are incubated for 24 hours at 37 oC and ¢he
2o0mes of mhibion are measured

For each plate the zone diameter correspondinig 1o the
standard solutions s plotted aganst the log of concentry
tion of thromersal From this standard curve the og of
concentration of thiomersal n the fest sofuton g5
calculated as shown tn Fig |

I BITION 2ONE mm

w] © 20HouRS preoiFFUSION
& WINOUT BRED FEUSION

2
e
- N e
CONC © T OMERSAL

T 80 000 = om
Fig 2 Relatonship between a two fold ditution series of
thromersal 1 saline and inhibion zones Witk and

without 24 hour prediffusion



TABLE | Results of an Assav to Determine the Effect of EDTA Alumnuon Hydroxide and a Small Amotint of Protein
on the Acuvity of Thiomersal

Zone
Zone Prepara Zone Prepara Zove Prepara
Piate No P'ZT gomewr  tos  dumeer  von  dmmeter ton  diameter
M4 18
M1 39 M2 34 M3 26
; Mt 41 M2 36 M3 29 M4 17 .
3 Ti 38 Lvi 32 T3 24 T4 17%
4 T 41 T2 35 T3 28 T4 19
$ Al 41 A2 33 A3 28 Ad 20
[} Falure
7 P 42 P2 36 P3 26 P4 16
3 P 8% b2 13 3 25 P4 15
14 M1 4 T2 34 A3 27 P4 17
0 M2 Nh T3 24 AS 13 14 19
1 M3 28 T4 21 Al 42 P2 35
12 M4 20 ny 42 A2 36 B3 26
M Thiomersal

T Thuamersal + EDTA

A Thomersal + EDTA + Aluminum hydroxide

P Thiomersal + EDTA + Aluounmm hydroude + 1% Horse protem
M1 TL Al P Thiomersal 1 80000

N2 T2 A2 P2 Thiomersal 1 160000

M3 T3 A} P3 Thiomersal 1 320 000

M4 T4 A4 P4 Thiomersal } £40 000

RESULTS constituents of the type of 1est preparation toa two

fofd difution series of thiomersal For the first eight
plates 1n the assay, the vanance due to differences
between plates could not be separated from that due
to differences between preparations Therefore the
Tast four plates were designed as a Laun square The
conclusions based on both experiments are as
Tollows

1) The mhibition zones for preparations with the

Prelyminary Assays
The relationship between the concentration of a

TABLE 2 Results of Assay of One Vial of Tetanus Vaccine on Ten Agar Plates

Standard Standard Tetanus Tetanus
PR Teogoo  risogop  vome ot vaceine Log
110 1o cone
1 36 30 28 11
2

3 3 a 7 s 2% i
4 ® B b 11 2 175
5 3° o s 1n 2 i

6 » i ns 178 3 17
7 n n us 1 2 1%
8 n 33 % : ;’} 2 184
" 335 s 95 s 170 §§ 5 173
3 28 275 178 275 : Z[g

:Iean valye { 74 coreesponding 1o 55 mglhre
randard 22 3tion 0 05) corresponding to 13%



same concentration of thromersal were not nfluen
ced by adding EDTA alumimum hydroxide and
protemn

2) The vanance between plates 1s significant

3) The standard deviation of the zone diameters 1s
estimated at 1 26 mm

4) The log concentration inhibition zone curve
calculated from the results of Table 1 15 slightly
curved the slope being about 7 6 mm per didution
step for the middle part and about 9 | mm and 6 1
mm for the lower and upper parts of the curve
respectively

Proposed Procedure

A wial of tetanus vaccine was investigated on ten
plates by the method described

Table 2 shows the mhibition zones given by the
standard solutions and the test solutions and the
calculated value of the log to the concentration of
thiomersal 1n the vaccine mn mg/litre The mean
value observed 1s | 74 corresponding to 55 mg/
Iitre and the standard deviation 0 053 correspon
ding to 13%

Using the estmate of the slope (76/030)
obtained from the results of the preliminary assay
the standard deviation of the log of the concentra
ton (X) can be calculated as

smx):osw'Tz:—x \/H 4+

By substituting for X the mean value 174 from
Table 2 SD{X) becomes 0 078 or somewhat higher
than the observed standard deviation The standard
deviation obtained by the above formula attains 1ts
mummum value SD(X) = 0061 when X = 195

(X-195)2
0045

CONE of THOMERSA mg
PEATUSS S VACE NE

@ TETANUS VACE NE

O DPHTHERA TETANUS VACE NE

O QIPHTHEAA TETANUS PEATUSSIS VACC NE

+ 3 8 % 3 3 % 3 B
.

3
s rom wAIACTINE
of thomersal n relauon 0 storage of 2
4 °C for up to 7 years

7 H H

Fig 3 Actvity
{ei' old vaceines kept at

1¢ when the observed zone for the test preparation
equals the average of the zones obtatned for the
standard preparations

The assay method was tried on a few old vaccines
which had been stored in the Department at 4 °C
for up to 7 years

Fig 3 shows the results which indicate that the
activity of thiomersal disappears with a half hfe of 7
years

DISCUSSION

As compared to chemical assays for thiomersal the
method described consumes less time and ressout
ces when a large number of uniform samples are o
be analysed and compared

Though chemical tests for thiomersal are usually
more accurate mucrobiological assays measure
more relably the antimicrobial actvity of thiomer
sal 1n the sample since there 1s the possibility that
thiomersal 15 snactivated without loss of the
determinant measured 1n the chemical assay

The use of mass produced agar plates makes the
assay easy to set up and cheap to perform but the
accuracy and sensiivity are reduced The use of
specially prepared antibrotic assay medium would
give better results but at this Institute it 1s found
that the specificity and accuracy of the assay 25
described 1n this paper are fully sufficient

In selecting the test bacteria emphasis was placed
on the importance of the mhibihion zones bewng
clearly defined Other far more sensiive strains
exist but the use of any of these was not considered
an advantage since the sensivity of the selected
strain 1s sufficient for our purpose

Using pr the Jog cor inhib
tion zone curve has a higher slope viz about 7 mm
per doubling of concentration agamst 3 mm
without prediffusion This gives the test 2 higher
power of but also the deviation
of the ponts from the standard curve The balanct
between this ncrease and the mncrease in slope
determines the overall sensivity of the assay
However the crucial point in using predifTusion 15
that the larger zones are technically easier o
measure

The assay method 1s now 1n routne use in the
production control of vaccines
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B glucuronidase actviey 15 an exclusive charactenistic of E coh and some shigellae among
Enesobacteriaceae and Vibrionaceae An agar medwm (PGUA agar) which permuts the detection of
bacteria with B glucuronidase activity in mixed cultures was evaluated as a primary culture medium for
cluucal sawples of unne The medium was selective for enterobactena and yrelded sigmficantly higher
recoveries than MacConkey agar Based on the examination of 3 460 urine samptes 1t was found that
the use of the PGUA agar bas several advantages over conventonal methods 1) 94% of alt £ coft
cultures could be identfied on the basis of their appearance on the pnmary plates 2} The use of the
DAY A et A A4

.

U1 WE PUUA et resulted an 2 46% reducnon wm the cost of media employed and a 67%

reduction 1n the time required for the processing of urine samples

Ney words Enterobacteraceae  Eschericha colt
glucuronidase

ark.

uninary tract mnfecuon fapid dentfication §-

M Kitian Department of Microbiology Royal Dental College Vennelyst Boulevard DK 8000 Arhus C
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The dragnostic work i a chucal

Because of much overlapping of charactenstics

laboratory 1s a tme-consuming and costly process
A simphification of this process 1s destrable not only

whueerned with the 1denufication of enterobacteria
Thus the majonity of

the of 12 requires the
performance of 2 conswereble number of biocherm

cal tests However 1n 4 recent study of glycosidase
acuviues among enterobacteria (1) 1t was demon
Strated that § glucuronidase activity 1s an exclusive
charactenisuc of £ coft and some. Shugella species
;mlong all the species of Enterobactertaceas and

mn
urinary tract infections belong to this proup of
bacteria and consist prinawpally of one single species
vz Escherichia coli In fact 1t has been reported
that over 80% of uncomplicated cases of uvrinary
tract infeciions are caused by bactena belonging to

The hugh frequency of ths characte
nsuc observed among £ eolr strams (37%)
tnducated that the B-glucuromdase test (PGUA test)
has a valuable potential for simplifying the differen
ua%n of E col from other entercbacteria

¢ present paper describes an agar .med;
(PGUA agar) which permsts the a%mqmnu:}
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Kian M & Bulow P Rapid of E
del:cung agar medum (PGUA agar) for the idenuficauon of £ colt 1 primary cultures of urine
samples Acta path microbiol scand Sect B 87 271-276 1979

B glucuronidase actvity 15 an exclusive characterisic of E colt and some shigellae arnong(
Enterobacteriaceae and Vibrionaceae An agar medsum (PGUA agar) which permits the d:!echonfo
bactera with § glucuromidase acuvaty 1n muxed cultures was evaluated as a primary culture medsum for
climeal samples of urine The medm Was selective for enterobacteria and Yielded significantly higher
recovenes than MacConkey agar Based on the examnation of 3 460 urine samples 1t was found that
the use of the PGUA agar has several advantages over conventional methods 1) 94% of all £ colt
cultures could be idenufied on the basis of their appearance on the primary plates 2) The use of the
PGUA method did not result sn any misidentificauons as compared 1o 1% of cultures misidentified by
e consentional procedure 3) Approximately one half of the unime samples which contained £ colr as
the sole orgamsm could be reported following the reading of primary culture plates 4) The application

¢ PGUA medium resultsd 1 2 46% reduction 1 the cost of media employed and a 67%
reduction I the time required for the processing of unine samples

hey words  Enterobacrertaceoe Escherichia colr unnary tract anfection rapid idenuficanon B-
glucuromdase
M Niban Department of Mucrobiology Royal Dentat College Vennelyst Boulevard DK 8000 Arhus C
Denmark

Rectived 28 u79

Acorpted §1v 79

The dugnostic work 1 a elmeal b
Laboratory 15 a time-cor
A simplification of this

Because of much overlapping of characteristics
the idenufi of
usuming and costly process

performance of a considerable number of biochem
process is desirable not only
i order 10 reduce cost

12 requires the

1S but also 1o allow for the
fastest possible initiation of paveny therapy
A considerable

part of the diagnosuc work 15
concerned with the 1

enuification of entérobacterra
Thus the majonty of microorgamsms implicated 1n
unnary tract infecuons belong to thus group of
?Gfltlr_\a :nd t'mnsm Principally of one single speciac

cal tests However 1n a recent study of glycosidase
activiues among enterobactena (1) 1t was demon
strated that @ glucuromdase actvity 1s an exclusive
charactenstc of £ coft and some Shigella species
among all the species of Enterobacteriaceae and
Vibrionaceae The high frequency of this characte
mstic observed among E colt strams (97%)
indicated that the § glucurondase test (PGUA test)
has a valuable potentsal for simplifymng the differen
tiation of £ colk from other enterobacterra

The present paper describes an agar medium
(PGUA agar) which permits the derection of



TABLE t Companents of FGUA Agar Medium

Per litre water

Proteose peptane nr 3 (Dufco) 10g
Yeast extract {Difco} 5g
Kaolin powder (washed) 20¢g
Japan agar powder (Nordisk Droge) 11g
KH1PQ, 3344 mg
Na;HPO; 2 H20 183 g
4 mitrophenyl § D glucopyrano

siduronie acid (Merck) 04 g

Maramt A 75 (Henkel & Co) 33 mt
of a $% aqueous solution

pHEQ

Eraluanon of the FGUA agar
The ability of the PGUA agar to suppot growth of
selected microorganisms was compared with tat of
MacConkey agar and 5% blood agar The ealpanon
included two 1solates of each of the spectes Eschench 2
colt Klebsiella pneumoniae Staphylococcus auress S
epidermudis Streptococcus faecalis and Candida alkicans
Washed saline suspesions of cells hanvested from
overmght broth cultures were dituted 1 10 fold senes
with sterile saline Appropnate dilutions were plated 03
tripheate sets of each of the three media The recorenes
wete recorded after imcubauon for 24 hours a¢ 35°C
In order to evajuate the PGUA agar as a medum for
the tdenttfication of £ colr 1t was used gs prmsTyY
medium for the cultvation of urine samples 1 e
D of Cluucal B: gy Statens

bacteria with B glucurorudase actvity wmn mged
cultures This medwm 1s considered suitable as a
primary med for the on and

tont of chmcal samples of unne m a rowune
bacteriological faboratory

MATERIALS AND METHODS

Compositian of PGUA agar

The constityents of the PGUA agar are hsted 1n Table
14 henyl R D glucopy d acid (Merck)
18 the chi b: for B gl d: The
concentration of the compound (04 g/I) was the
mimmum amount that resulted in definte yellow
colomies of bacterra with B glucuromidase activity Kaokn
powder provided the medium with an opaque White
background for stamned colontes The sodum salt of
dodecylsulphate sulphonate (Maraml A 75 Henkel and
Co Dusseldorf) was added to inhibit swarming of
Proteus species.

CONVENTIONAL METHOD

tut Mumnicipal and Untverstty Hospital of Achus Durng
a 4 month period 9247 chimical samples of unne
submitted to the labaratory for microbrological exagtind
uon Were processed by the conventional procedure of the
laboratory and by an alternauve procedure whch
included the PGUA medium Each of the procedures 45
carried out independently by different laboratory techat
cians Only 3 460 {37 4%) of these samples which on
primary media yielded growth corresponding o 001
than 100 000 microorgantsms per ml of unne (sgn B
cant bacterturja ) were sncluded for further study
The two p: sre d
Fig | The conventional procedure comprised wta!
cultivation of samples on 5% blood agar {guasttt™®
plating) and on two plates of MacConkey agar used o
fi and ding t fy After ov&!
wight incubation representative colonies Were subeft
vated for punfication 1f required Pure cultures ©
enterobacteria were transferred to a set of biochenti!
test media lactose agar hutrient agar and semugt &
broth indole Voges Proskaner malonate glucas
ormithine lysme argmine gelaune mtrate and ONFO
wedia After qvernight sncubation the tsolates we™®

ALTERNATIVE METHOD

Day
MacConkey PGUA Agar
0 MacConkey agar MacConkey agar
Blood agar Blood agar
1 — -
t  Subcultivation Diagnostic LAK+ PGUA*
tests ]
E coh
e e e et e s o e et i o e e e e e
2 Diagaostc tests DIAGNOSIS
e o e e e e e S e e et e s 2 2 e e
At S DIAGNOS!
3 DIAGNOSIS TAGNOSIS
dures for the brological of etin cal samples of

Fig | Conveational and alternative PGUA) p

urine



sdentfied on the basis of the results of these tests
Further biochemscal tests were performed 1f required
Usiog the altermative procedure 2ll unne samples
were cultvared on 5% blood agar MacConkey agar
{quntfication) and PGUA agar After

without B glucurorudase activity Was 18-24 hours
Shorter incubation resulted 10 reduced colour
sntensity of colontes With prolonged wcubatian. 2
widening of the yellow zones around colomes of g

meubation for 20-24 hours bactena showmng the
combmation of yellow colomes on PGUA agar (B

ghucuromdase producers) and red ¢olomues on MacCon

Yey agar (actose fermenters) were wentified as Escher:

cho colt According to the complete alternauve proce

dure (Fig 1) 2lf remamng 1solates would be examined
funther using conventional tests However smoe this
would 1ot add ta the evaluatan of the PGUA medwm
s last step w as not carned out.

The bacterial dagnoses pbtained by the two procedu
fes were compared at weekly intervals Isolates identified
Aifferently by the two procedures were Stored as agar
Sabs for reexamination by an extended series of
b ochemical tests and serology

RESULTS

Growth

The ability of the PGUA medium to support
growth of sefected strams of enterobacteria staphy
locooct streptococer and candida 15 dlustrated 1n
Table 2 The table shows the recoveries on PGUA
agar and MacConkey agar expressed as percentage
of the Tecovery on 5% blood agar plates PGUA
agar appeared to be. T for 12

bacteria was observed
thus causmg difficulty 1n relating the actoaty to
sndividual colomes

Isolates from urine samples

During exammation of the 3 460 urine samples
by the conventional procedure 3476 bactenal
strains were ssolated for dentification as shown
Table 3 The figures in the table represent the final
data which are corrected afier reexamunation of
selected strains (see below) The majonty of tsolates
(2824 = 81%) belonged to the famuly Enterobac
ternaceae E colt being the single species isolated
most frequently {2004 1solates = 71% of all
Enterobacteriaceae strans) E coli was present n
pure culture m 1 657 samples corresponding to
48% of ali samples yielding sigmficant growth

Comp, I
Procedures

By the altermatve (PGUA) procedure 1 892
cultures were tdentified directly as £ colt on the
basis of the reactions observed on the primary plates
(posive PGUA and lactose fermentation reactions)
C

of the Two

than MacConkey agar as it did not support growth
of strams of saphyloosen: enterococcs and candida
However the recovery of strams of enterobactera
on PGUA agar was smigmficantly higher than on
MacConkey agar

FGUA Reaction

The incubation time for PGUA plates permatung
opumal differentiation between bactera with and

with the results obtamed by the
vonventional procedure revealed that 15 of these
1 892 cultures had not been 1denusfied 25 E ool by
the standard biochemical tests However reexami
nation of these strains by an eviended number of
biochermeal tests and serology confirmed thewr
wenity as £ coli Furthermore 118 cultures
wenufied as £ colt by standard biochenical tests
temamed vndentified by the PGUA method since
they were all PGUA negative Reexamunation of

TABLE 2 Comparaine Recoseries from Suspens ons of Selecied Mieroorganisms on Blood Agar FGA U-agar and
MacConkey Agar

Recovery in per cent of that on blood agar

Exckncna ol wram) mm;:“ PG;): el M“c:;k:;saw
ool stran U
Kiebs ella prewmon ae strain | :gg: 885% 522%
K pneumoniae stran 11 100% i §76%
Saphvoeccus 9 derms 100% i 91%
aureus 872%
i";ﬂwrmx faecal s strn 1 'Igg: :g :ZZ <01%
faecalix strum 1L P10%
Cand da alb cans steaip § 100% <01% 959%
€ alhcans stram 11 100% <01% 989%
00%

<0 1% 826%



TABLE 1 Components of PGUA Agar Medum
_—
Per litre water

Proteose peptone nr 3 {Dyfco) !

Yeast extract (Difco)

Kaolin powder {(washed)

Japan agar powder {Nordisk Droge)

KH3PQ4

NaHPOs 2 H:0

4-nitrophenyl-g-D-glucopyrano-

siduronic acid (Merck)
Marznil A 75 (Henkel & Co), 33 m!
of a 5% agueous solution

PH 30

bacteria with B-glucuronidase activity i mixed
cultures This medium 15 considered surtable as a
primary med; for the cul ion and

tion of chmcal samples of urine 1n a routine
bactertological laboratory

MATERIALS AND METHODS

Composttion of PGUA-agar

The constrtuents of the PGUA-agar are listed 1n Table
1 4.mtrophenyl-8-D glucopyranosiduromc acid (Merck)
1s the b for 8. dase The
concentration of the compound (04 g/1) was the
mmumum amount that resutted i definte yellow
colontes of bacteriz with B-glucuromdase actvity Kaolin
powder provided the medium with an opaque, white
background for stamned colonies The sodum salt of
dodecylsulphate sulphonate (Marami A 75 Henkel and
Co, Dusseldorl) was added to inhibit swarming of
Proteus species

Evaluation of the PGUA-agar

The ability of the PGUA-agar to support growth of
selected microorgamsms was compared with that of
MacConkey agar and 5% blood agar The evaluation
tncluded two 1solates of each of the species Escherichia
colt, Klebsiella preumoniae Staphylococcus aureus §
epiderrudis, Streptococcus faecals and Candida afbicans
Washed saline suspenstons of cells hartested Irom
overnight broth cultures were diluted 1n 10-fold senies
with sterile saline Appropriate diluteons were plated on
triplicate sets of each of the three media The recovenes
were recorded after incubation for 24 hours a1 35°C

In order to evaluate the PGUA-agar as 2 medmm for
the 1dentfication of E cols, 1t was used as prmary
medium for the culuvation of urne samples 1 the
Department of Clinical Bacteriology, Statens Seruminsu
tut, Mumicipal and University Hospital of Arbus During
a 4-month period, 9,247 chmcal samples of urne
submutted to the Jaboratory for microbrologrcal examina
tion were processed by the conventional procedure of the
laboratory and by an alternative procedure which
included the PGUA medium Each of the procedures was
carnied out ndependently by different laboratory techar-
cans Only 3,460 (37 4%) of these samples, which on
primary media yielded growth corresponding to more
than 100,000 microorgamsms per ml of urine hsignifi
cant bacteriuriac), were included for further study

The two p I d lly

are
Fig | The conventional procedure compnsed smstal
cultivation of samples on 5% blood agar (quantiatrve
plaung), and on two plates of MacConkey 2gat used for

nd ¢ i ly After over
night wncubation, representative colones Were subcult
vated for punfication, if reqmred Pure cultures of

were to a set of bioch: )
test media lactose agar, nuinent agar and seraesohid
broth, ndole, Voges-Proskauer, malonate, glucose
ormthine, lyste, arginine gelatme, mirate and ONPG
media After overnight ncubation, the isolates were

ALTERNATIVE METHOD

Day CONVENTIONAL METHOD
MacConkey PGUA Agar
1) MacConkey agar MacConkey agar
Blood agar Blood agar
1
I .
i Subcultivation Diagnostic LAK+ PGUAA
tests
E coh
2 Diagnostic tests DIAGNOSIS
3 DIAGNOSIS DIAGNOSIS
a4 1
Fig 1 Cor 1 and (PGUA) P for the of clmical samples of
urine
.~



TABLE § 8 glucuronidase Aciny of 123 Shigelia
strains

e —

Comparison of Time Required and Cost of Media
wsing the Two Procedures

Time analysss of the individual steps included 1n
the conventional processing of several hundred
strawns showed that the ttme required for complete

solate was
635 min Based on afl ithe viine samples included 1.
the study the ume saved by the use of the
alternative procedure was 67% as compared to the

No of B glucuro
NS, udase producers
of one
S dhsenterize 13 T{53%)
S boyds 3 117%)
S flevnen 4 12029%)
3 sonner 3 62(98%)
Touat 123 82{67%Y

—_

faecal ssolates Yandly provaded by Dr K Gaarsle
(Statens Serummsttut Copenhagen) Of these 82
strams (67%) produced yellow colonies on PGUA
agar Detatled results are shown in Table 5

Serology of FGUA negaine E coh Strawns
AN 94 E col strans which lacked @ glucurom
dase activity were serotyped using the designated
1ypmg sera of \he International Eschencha Refe
rence Centre (WHO) Twenty five of these strains
127%) had the anugessc composiion 01 NNH An
addional 12 strans that were rough and non
flagellated also possessed 2 serotype Kl capsule
None of these 37 K strans fermented adomol
dulatol or sucrose but vaned i thewr capacity (o
ferment xylose and sorbose The majornty of the
strams Wwere megatne Of weakly positine @ the
indole test
Ten of the remaiing strains which were non
flagellated reacted with 075 antiserum and posses
sed a polysacchande K anugen which however
did uot react 1m any of the designated typing sera
Another 10 strains were rough and non flagellated
The remaing 30 strams were distributed on 25
different serotypic combnations

Comentionaf procedure
2824 isolates @ 6 35 min 17932 mn
Alternative procedure
PGUA negatn e wolates

937 walates @ 635 oun 5918 min

Relatn€ saving 1n ime by the
we of ahieraauve procedure 12014 min (67%)

conventionat procedure (Table 6)
The cost of media required for the
tional of (see
Materials and Methods) was calculated to be Dhr
14 02 per strain The extra cost of para mitrophe
nyl g D glucupyranosiduronc acid per PGUA agar
plate used 1n the alternative procedure was Dhr
077 On the basts of these [igures the total
g€ Saving m and fi
media was 46% using the alternative procedure
The calculation was carnied out on the basts of all
3460 samples which yielded sigmuficant growth

DISCUSSION

Our previous finding that f glucurorudase actvity
15 an exclusive character of Escherichia colt and
some Shigelfa species among Enterobactersaccae
and Vibrionaceae (1) 1s confirmed by this study Qut
of 2004 unne 1solaes of E colt 94% showed §
glucurontdase actnity ln contrast none of 1295
stramns representing the genera Aeromonas Citro
bacter Edwardsiella Enterobacter Erwina Hof
ma Alebsiella Proteus Salmonella Serroha Vibrio
and Yersima examined n this and our previous
study (1) possessed thus enzyme acuvity These
results pomt to the B-glucuromdase acuvity as a
ghly disungwishing characterssuc

The PGUA agar descibed in this paper permts
the detection of B-glucuronsdase-producing bactena
w mured cultures Although this plate meihod
appeared to be somewhat less sensative than the

method described ) 944%

of the 2 004 F mlie - -
as B gluct .
theagar w

selective f wus Muavioukey agar
In addion the recosery of enterobactena was
bugher than on MacConkey 2gaT and was compa
fable to that on blood agar

‘The primary aim of the study was to evaluate thys
PGUA agar 2s a means of wentifying £ ol an
chinieal samples of unne without the necessiy for
using further 1denufication tests The evaluation
was based on the stmultaneous processing of 3 460
urine samples with sigmificant growth by our

method and by an ahernauve Pproce



TABLE 3 Identity of 3,476 Isolates from 3,460 Samples
of Unine Yielding Significant Growth

these strains by serology and an extended number of
brochemical tests showed that 112 were PGUA
8 strains of £ colr The remaining si strains

Genera/species No of isolates

Enterobacteriaceae

Escherichia col 2004
Klebstella pneumomiae 286
K ovtoca 81
K ozaenae 1
K rhwoschieromars 1
Enterobacter cloacae 53
E aerogenes 10
Cutrobacter freundu 23
C kosert 16
Proteus mirabilis 230
P rulgarss 75
P morgam 23
P retigert 2
P nconstans 9
Unidenufied enterobacteria )
2824

Other taxa
Streptococcus faecalis/faccium 370
Streptococcus pyogenes 12
Non-haemoly ttc streptococct i1
Staphylococcus aureus/epidermidss 10
Pseudomonas acroginosa 12
Acinetobacter 21
Candida 16
652
Totat 3476

could not be confirmed as £ coli One of the solates
was a Citrobacter stram, and the remaining five
stramns were atypical strains which could not be
assigned defimtively to any of the known species
To summarize, comparison of the two methods
(Table 4) revealed that all 1,892 cultures dentfied
as E coli by the PGUA method on the basis of their
appearance on the primary plates were correctly
identified Another 112 cultures of E colt (5 6%)
d dentified after ymnal of
the plates because of bemng PGUA negatne The
number of strams misident:fied by the cons entional
procedure was 10% (20 strams) of the total
number of strains for which identtfication data were
available by both methods

Frequency of PGUA Reaction among E colt and
Shigella Strams

As mentioned above, 112(5 6 %) out of a total of
2,004 cultures of E colt failed to produce yellow
colomues on the PGUA agar medium Reexamuna
tion of the B glucuromdase activity of these strams
by use of the suspension method described previo
usly (1) showed enzyme acuvity 1n 18 of these 12
strains

In order to determune the frequency of B
glucurontdase activity among shigellae, 123 strans
representing four species were examined on PGUA
agar medium (Table S) These wmncluded 14 strans
from the Nanonal Collection of Type Cultures
(Colindale, London) and 109 laboratory cultures of

[ABLE 4 Summary of the Result of Eschenchia colt Diagnosis by @ Comentional Method and the PGUA  mcthod
(nAlternatne Method)

Strawns ideatified as

Comments on

Strains sdentified as Final comments

dentificationt
srocedure E coli following primary £ col followtng
primary
- 6 non £-colt 1% of strams
(all PGUA -) nusidentfied
Conventional 1995 2004 on primary
i + 1S E colt ms exammnation
tdenufied as
non £ coli
(all PGUA +)
1
1t confirmed 1892 94% of E ol
slternative 1,892 Al confire s
correctly

PGUA method)

wdentified
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AN ULTRASTRUCTURAL STUDY ON THE EXCYSTATION
OF THE SPOROZOITES OF TOXOPLASMA GONDIT
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changes which occur dunng the  wiro excystation of the sporozottes of
2:0;:}::::;0“,::?““ :;.ammul The excystation was carned out at 37° C on suspensions of oocysts
which had been ground and then treated With an excystmg medium coptaiung 0 25% trypsin and
075% sodum taurocholate 1n phosphate buffered saline pH 73 It was found that sporocysts withn
wntact vocysts were unaffected while sporocysts exposed to the medium ruptured The sporocyst wall
consisted of two 1ayers and dunng excystation the four plates Which form the wnner layer staried 1o
curl inward At the same time changes were seen 4t the specialized junctions between these plates
When the junctions finally break the plates separate The outer layer of the sporocyst walf 1s then
ruptured at pomnts directly above where the plates were jowed Each of the four portions of the
sporocyst wall curled nward to form a tightly wound whorl The sporozoites can escape through the

openings created between the portions of the sporocyst wall

Key wotds. gond s

sporozoite

J Chr Sum Department of Toxoplasmosis Statens Seruminstitut Amager Boulevard 80 DK 2300

Copentiagen S Denmark

Receved 9179 Accepted 91v 79

The coccidian parasite  Toxoplasma gondu un
dergoes sexual development 1 the small intestine of
the cat When the oocysts which are produced
sporulate they are morphologically similar to those
of the genus fsospora Ultrastructural observations
on the 11 1itro excystation of sporozontes of Isospora
spp has been limued to / fehs (12) and 7
endocallimcr (13) In this paper the ultrastructural
changes which ocrur dunng the excystation of the
sporozontes of T gondid will be described and

compared to those reported for other members of
the coctudia,

* Damush Medical Research Councit Fetlow Present
asddress Department of Pathology Umiversity of
Aiburgh Medical School Teviot Place Edinburgh
cotlang

MATERIALS AND METHODS

Oocysts were concentrated from the faeces of specific
pathogen free cats which had been infected by feeding

- .

wils study were approuimately 2 months old  After
removal of the potasstum dichromate the oocysts were
treated with 6% sodium hypochlonte for 15 mnutes
washed 1n water and then suspended n phosphate
buffered saline (PBS) pH 73 At thus stage the oocysts
were ground ta rupture the 0ocyst wali The excysting
medtum contained trypsin and sodium  taurochotate
dissolved 1 PBS in such amounts that the fina)
Concentration in the oocyst suspension was 0 25% (w/v)
uypsin and 075% (w/v) sodtum tayrochotate The
mixture was mastamed at 39° € and samples were
processed for electron microscopy afier ntervals of 10
30 and 60 miutes Each Préparation was fixed i
Karmovskys fixauve and embedded 1n cross linked

77



dure which included the use of the PGUA agar as
primary cultivation medium (Fig 1) The results of
the study show that the PGUA medum 1s highly
reliable for the intended purpose None of 1,892
cultures 1dentified as £ colf on the basis of the
PGUA reaction was incorrectly 1dentified In con
trast, the use of standard biochemical tests resulted
1 the musidentification of 1 % of the solates
Rehance on a single characteristic for bacterial
wentification 15 usually a hazardous princtple
However, thus study demonstrated that the PGUA-
reaction can be used with a high degree of
fi as a single diffe test for £ colt
According to the procedure (Fig 1), PGUA
negative £ colt which constitute 5-6 % of bacteria
of this spectes are referred to dentification by
conventtonal means and are thus not misidentsfied
Conversely, our data indicate that PGUA posttive

The advantages 1n using the described alternate
procedure are manifold The result of the examina
tion of approximately half of all the urine samples
te samples that contamed £ coli as the sole
orgamsm, could be reported already after 18~24
hours following the reading of the 1mttal plates In
comparison the processing of samples by the
conventional procedure required two to three days
In order to take full advantage of this early
1dentification, the problems of carrying out antibo-
tic susceptibility testing on primary platés have to be
solved

Stnace 1t was not necessary to carry out standard
identification on 94% of all £ colt cultures the
alternative method resulted 1n a considerable saving
m media and ime In spite of the relatnely high
expense of the chromogemc Substrate used in the
PGUA medsum, the total percentage saving in
media d for primary cultivation and 1dentfi

varzeties of other teria, with the
of shigellae, are non existing or are extremely rare
This negates the problem of organisms bemng falsely
dentified as £ coly

‘The ighest frequency of B glucuromidase activity
among shigellae was observed in the species S
sonner (98 %) Since shigellae, except for S sonne:
are lactose negative the concurrent use of the
PGUA agar and MacConkey agar, which reveals
the lactose fermentation reaction ensures that such
strains are not nusidentified as £ colr Shugella
sonner 15 known to be a late lactose fermenter
Although typically 1t does not change the indicator
of the MacConkey agar within 24 hours incubation
1t may do so However shigella orgamisms are very
rarely encountered 1n urmne samples (2 3 this
paper) for the processing of which the alternative
procedure was designed If the method 1s applied m

0

cation of enterobactera amounted to 46% as
compared to the standard procedure Both thus and

the calculated saving in time (67%) may hae
bl tions m routine paoie

riological laboratories

We thank Lena Poulsen for excellent technical assistarice
Dr H Lautrop provided hefpful suggestions and
encouragement during the planming of this study Drs
Ida Orskov and Frts Orskov are thanked for the
serological examnayon of selected strams and br
Karen Lehbaek was helpful in desigmng the PGUA
medium The project was supported by the Darmish
Medical Research Councif Grant No 512 8081
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The wtrastructural changes which occur dunng the m witro excystauon of the spomzrm(as soul
Toxoplasma gondis were examined The excystation was carnied out at 37° C on suspensions of ooc&;nd
Which had been ground and then treated with an excysung medum contaiing 0 25% trypsin i
875% sodum taurochotate 1n Phosphate buffered saline pH 7 3 It was found that sporocysts wit .
mact oocysts were unaffected While sporocysts exposed to the medium ruptured The sporocyst e::a\
consisted of two layers and dunng excystation the four plates which form the tner layer started to
urf 1nward At the same ume changes Were seen at the specialized junctions between these pl:;ﬁ
When the junctions finally break the plates separate The outer layer of the sporocyst wall 1s ue\n
topued ot pouns directly sbove where the plates Were Jowed Each of the four portons of the
porocyst wall cutled 1nward to form a tightly wound whorl The sporozottes can escape through the
Openings created between the portions of the sporocyst wall
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The coccidian parasite  Toxoplasma gondn un
0% $exual development 1n the small ntestine of
the et When tne oocysts which are produced
SPorutate they are morphologically stmilar to those
Ofthe genus Jsaspora Ultrastructural observations
0 the in y1175 excystation of spotazattes of fsospera
Z‘; b3S been limited to J felis (12) and /
i

. -

wpates to

those reported for other members of
the cooordia.

—_—

" Dansh Mediat Research Cotnci Feltow Present
ﬁm Department of Pamology Unuversity of
mburgh Medical Schoot, Teviot Place Edinburgh

MATERIALS AND METHODS

Qocysts were concentrated from the faeces of speaific
pathogen {ree cats wiuch had been infected by feeding
mouse brans contaming tissue cysts of the SSI/119
stram of T gondii The cocysts were suspended 1n 2%
potassium dichromate and allowed to sporulate a1 27° C
for 7 days Priot 1o storage at 4° C ‘The oocysts used 1n
this study were approumately 2 months old After
removal of the potassium dichromate the cocysts were
treated with 6% sodium hypochiontte for 15 munutes,
washed 1n water and then suspended yn phosphate
buffered saline (PBS) pH 73 At this stage the oocysts
were ground t0 rupture the oocyst wall The excysting
medium contained trypsn and sodium taurocholate
dissolved 1 PBS 1n such amounts that the final
concentration in the 0oCyst suspension was 0 25% (w/y)
typsin and 075% (w/v) sodim taurocholate The
wuTtare was mamantd 2t 37° C and samples were
processed for electran microscopy after 1ntervals of 10

30 and 69 munutes Each preparation was fixed 1n
Karnovsky s fitative and embedded m cross hnked
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Figures 1~17 are electron mucrographs Ulustratng the
changes which occur during the of the

bovie serum albumin The methods of post fixauon
nd

sporotottes of 7 gondut

A double bar { ) on a micrograph represents 1 pm
and a single bar () represents 100 nm

The follom g 2bbreviauons are used throughout 1 =
mner layer of the sporocyst wall 1S = interposing strip
I - bpd N = nudeus O - outer layer of the
sporocyst wall P — plasmatemma SP = sporozoite
$W = sporocyst wall

Fig I A secuon through a sporocyst at an early Stage of
excystation The junctions of the plates formuing the 1nner
layer of the spotacyst wall can be seen (arfows) Note the
begionung of an nward curling at the two lower
mncuons % 15 000

Fig 2 A longitudimal section through a Sporocyst
showing the sporocyst wall to be divided smo four
poruons by breaks 1n the sporocyst wall at the Junctions.
berween the plates of the mner wall fayet tarrows)
x 15 000

Fig 3 A cross section showing the structure of the
uncion berween plates of the inner layer prior to
treatment with excysting medium The interposing strip
and the thin band of osmiophihc matersal (arrows)
jotmng the plates to the interposing strip ¢an be seen
Note the depression in the outer layer (arrow head)
directly over the yunction % 90 000

Fig 4 A cross section showing the structure of the
unction after treatment with excysng medium The
\nward curling of the plates of the tner layee of the
sporocyst wall has caused a separation of the plates at the
base of the yunction although they are sull attached 1o
the nterposing strip (arrows) Note the nward bending
of e outer fayer (arvrow head) x 90 000

Fo § & me 1

Fg 6 A cross secuon showing the separation of the
plates of the imner layer of the sporocyst wall Note thay
the interpasing strip has rematned attached to the margin
of one plate and that the outer layer has bent imward
directly abore the break {acraw ) x 90 000

Fig 7 A simular section to that shown in Fig 6 except
(hat o tits case the TReTPOSING SUYD has diaappeared
The bend i the outer wall 15 also visible {arrow)
* 90 000

Fg 8 A cross section of a sporocyst wall at 3 late slage
wm the excystauon process A break 15 present in the outer
1aver {arrow) durectly above the posnt of separation of the
plates of the et tayer % 90 00D

Fiz 9 In this section the curling of the plates of the wner

layer has causedd the portions of the sporocyst wall to

Qo\e 2part formuing 2 gap between the plates tarraw)
0t¢ the MIETpOsINg strip alached 1o the

ot e merpo margin of one

2 were as described previous
Iy (6) The results are based on the exammation of
tely 250 electron

RESULTS

After gnnding the mixture containing both intact
and ruptured oocysts Was suspended in the excys
ting medium and exammed by light microscopy It
was found that sparocysts within intact oocysts did
not undergo excystation even after treatment for
more than | hour with the medwun However
excystation did occur 1n cases where the oocyst wall
was ruptured resulung n the sporocysis being
exposed to the medium

At the ultrastructural Jevel 1t was observed that
only sporocysts which had started to excyst were
properly fixed and embedded The fine structure of
the sporocyst wall prior to excystation has been
described previously (7) 1t consists of a thin outer
layer and an inner layer comprising four curved
plates The structure of the junction between the
plates prior o treatment with excysting medium 15
shown tn Fig 3 and a detailed desctiption of this
tegion of the sporocyst wall hias been given mm a
previous paper (7) After exposure to the excysting
medwwm the first change observed was an inward
curling at the peripbery of the plates of the inner
layer of the sporocyst wall (Fig 1) At the same
time changes were also seen 1n the specialized
Juncuons between plates (f Figs 3 & 4 It
appeared that the inner margins of the plates and the
interposing Strip had moved apart atthough they
stif remarned attached at the exteriof margwm of the
Junction (Fig 4) In cenam cases the interposing
strip appeared to undergo some degeneration and
presented an ndistinct outhne (Fig 5)

The cutling of the plates was followed by an
tward bending of the outer layer (Fig 4) This
bending oocurred at the shallow depresstons which
fay immediately above the junctions of the Plates of
the snner layer (Figs 4 6& 7) It appeared that this
tnward curling of the plates continued and that the
Junction between them ultumately was broken (Figs
6 & 7) The interposing strip which was present at
the yunctions smay have disappeared by this time
(Fig 7> alternatively 1t may remain attached 1o the
¢edge of one plate (Figs 6 & 9) The continued
curling of the plates eventually caused the outer

layer 0 rupture at the shallow depr
=43
bending camman - e g ScPrESSION Where the

Ju e s dyeribigs 9 & 11)
towatd cuthng continued the portions :rs l:‘}:i
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Fg 10 Alongitudimal section through a sporocyst Two
of the junctions between the plates of the mner layer are
sul mtact (small arrows) while at the other two
Juncuons the plates bave curled mward to produce an
opening 1n the sporocyst wall {large arrows} X 15 000

Fg 11 Part of a section through a sporocyst showing
thenward curl ng at the per phery of the separated parts
of the sporocyst wall {arrows) Note that each portion
consists of a plate of the mner layer and the overlymng
part of the outer fayer x 45 000

Fg 12 This field of view shows a section through a
sporozo te which has been deformed by the mward
curl ng of a portion of the sporocyst wall X 30 000

Fg I3 A tangental section of the inner layer of the
‘sporocyst wall after excystation showing the gap between
™o pla es (large arrow) Note the fine stnations (small
arrows) and coarse str ations {arrow heads) x 160 000

sporocyst wall were drawn apart (Figs 9 10 & 11)
and the sporozortes could now escape through the
openngs thus created In a few sporocysts it was
found that the junctions did not break stmulia
neousty (Fig 10) In the majority of cases 1t was
observed that the residual body present m the
sporocyst (8) ruptured during excystation and 2
number of free lipid globules could be seen within
the sporocyst (Figs 1 & 11)

Throughout the entire excystation process the
two layers of the sporocyst wall remarned separated
by a space of 20 nm The
portions of the sporocyst wall continued to curl
(Fig 11) until they finally formed tightly wound
whorls (Figs 14 & 15} This process was so forceful

that any sporozoite trapped within the curled plates
was distorted (Fig 12)

;s e a3y o e o oo s
A T R AN P
4 . EH s

V=
Fg 14 A secuion showing a
Fig 15 This feld of view
both margins x 45 000

L YW 4

Flg 16 Partofasecuon

15 sporocyst wall e CToUEh & SPOTocyst whuch has been meshamel

cutled up Garrows)

Flig 17 A bigher magn f
e g magn ication o

x 30000

8 16 which
tvolves both tayers x 90 000

porton of a sporocyst wall which

shaws a section of a portion of the Sporocyst wall in wh ch the curhin,

A 2

has curled up to form a ught

whorl x 45 000

8 has occurred from

My damaged Note that the Vanous portions of

SBowS more clearly that curhng of the sporocyst wall after



Two types of strattons were observed on the
plates of the inner layer of the sporocyst wall (7)
These striations were also evident in the plates after
the process of excystation was completed (Fig 13)

DISCUSSION

Intact oocysts of T gondu did not undergo
excystation From this 1t would appear that the
excysting flud 15 only active on the sporocyst wall,
but the stimulus which must occur 1 vivo to cause
the rupture of the oocyst wall ts unknown

The excystation of the sporozoites of a number of
Isospora spp has been studied mn vitro and 1t has
been found that the structure of the sporocyst wall
1s related to the process of excystation Two distinct
processes appear to be mvolved Firstly, sporozoites
can escape via an aperture i the sporocyst wall
resulting from the unplugging of the Streda body (2,
11) This mechanism 1s simular to that reported for
the closely related Exmeria spp (1, 3, 9, 10) The
second mechanism operates where there 1s no Stieda
body, the sporocyst wall collapses and by fragmen-
tation mto a number of portions permuts sporozoite
escape (4, S, 12, 13)

The process of excystation 1 T gondu as
demonstrated 1n the present study, clearly belongs
to the second category The fine structure of the
sporocyst wall 1s similar to that described for 7
cams and [ endocallimer (12, 13) In a hght
microscope study of the excystation of I arctop:-
thect (5) folds and fissures on the sporocyst wall
were observed These structures probably represent
an inward curling and separation of the plates of the
nner layer of the sporocyst wall in a manner
simular to that presented in thus study of T gondu
The continued curling of separate portions of the
sporocyst wall 1s stmular to that observed for other
species showing the second type of excystation
process (4 5 12 13)

From our observations on the excystation of T
gondu 1t would appear that the process can occur by
one of two The first bility s that

the excysung medum acts directly on the joints
between plates of the mnner layer of the sporocyst
wall and digests the matenal attaching the plates to
the mterposing Strip On the assumption that an
nherent tension is present withun the plates these
would tend to curl mnward and thereby eventually
produce the breakage 10 the outer sporocyst wall
do have evidence that there 15 some
nsion (n the sporocyst wall It was
from our sporulation studies
echamcal destruction of the
of the sporocyst wall did curl

layer We
inherent te
observed on material
(7, 8) that after a m
sporocyst the portions

-0

mnwards (Figs 16 and 17) This mechansm ;
similar to that proposed for the excystanon of
endocallinici (13) A second possible mechanism fo
the process of excystation is that the medun
triggers off reactions in the mterior of the sporocys
which somehow create the tension 1n the plates tha
eventually causes them to curl mward With th
type of mechanusm the separation of plates may b
purely mechanical due to the forces exerted on tht
Junction by the curhng of the plates The actuz
curling must be very forceful as evidenced by tht
distortion of any trapped sporozoites and by the
fact that 1t continues untl tight whorls are formed
‘Whether the excystatton process actually occurs by
one or other of the suggested mechamisms cannot b
decided, but st should not be overlooked that it may
very well take place by a combination of the tho

NOTE ADDED IN PROOF

Since the acceptance of our article we have obtamed 2
copy of the following paper Christie E Pappas P 1
& Dubey J P Ulurastructure of excystment of
Toxoplasma gondu oocysts J Protozool 25 438-443
1978 This paper presents a general view of the process
of excystaton with which our observations are 1t
agreement. However, our paper provides addittonal
detauls on the ultrastructure of the sporocyst wall and the
changes occurring dunng excystauon There are o
posnts 1n which our results differ from those of Chnstie
et al (1978) a} We did not observe excystaton of mtact
oocysts while they found 20% of mtact focysts 10
excyst b) they refer to the sporocyst wall as a five
fayered structure but from our examnation of 1
formation (7) we feel 1t 1s more accurate to refer toitasa
two layered structure Separated by an electron transly
cent space

We are indebted to Mr J F Dunachie and Miss M
Reully for the maintenance of the SPF cats We gratefully
acknowledge Mrs H Ravn and Mrs J Berg for
technical asststance and Miss A G Osergaard and Mr F
Laursen for photograpiuc assistance

The work was supported by grants from the World
Health Orgamivation the Wellcome Trust the Damsh
Medical Research Counced and the W M Ross Founds
fion
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Two types of striations were observed on the
plates of the inner layer of the sporocyst wall (7)
These striations were also evident n the plates after
the process of excystaton was completed (Fig 13)

DISCUSSION

Intact oocysts of T gondu did not undergo
excystation From this 1t would appear that the
excysting fluid 1s only active on the sporocyst wall
but the sumulus which must oceur i vivo to calise
the rupture of the oocyst wall 1s unknown

The excystation of the sporozoutes of a numbef of
Isospora spp has been studied 1 vitro and 1t has
been found that the structure of the sporocyst wall
18 related to the process of excystation Two distinct
processes appear to be mnvolved Firstly, sporozostes
can escape via an aperture m the sporocyst wall
resulting from the unplugging of the Stieda body (2,
11) This mechanism 1s simular to that reported for
the closely related Zimeria spp (1, 3, 9, 10) The
second mechanism operates where there 1s no Stigda
body, the sporocyst wall collapses and by fragmen~
tation nto a number of portions permits sporozoite
escape (4, 5, 12, 13}

The process of excystation n T gondn aS
demonstrated mn the present study, clearly belon8S
to the second category The fine structure of the
sporocyst wall is stmilar to that described for 7
cams and I endocallumci (12, 13) In a lght
nmucroscope study of the excystation of I arciofi-
thecy (5) folds and fissures on the sporocyst wall
were observed These structures probably represent
an mward curling and separation of the plates of the
wnner layer of the sporocyst wall 1n a mannél
similar to that presented in this study of 77 gond?!
The continued curling of separate portions of t1e
sporocyst wall 1s similar to that observed for othef
species showing the second type of excystatioft
process (4,5 12 13)

From our observations on the excystatton of
gondur 1t would appear that the process can occur [24
one of two t The first possit 1s that
the excysting medium acts dwectly on the joints
between plates of the nner layer of the sporocyst
wall and digests the material attaching the plates 10
the interposing strip On the assumption that aft
snherent tension s present within the plates thes?
would tend to curl 1nward and thereby eventually
produce the breakage 1n the outer sporocyst wall
layer We do have evidence that there 15 som¢
inherent tension 1 the Sporocyst wall It wa
rved on matenal from our sporulauon studies
snechancal destrucuon of the
f the sporocyst wall did cur!

obse
0, B tha i 2
sporocyst the portions ol

inwards (Figs 16 and 17) This mechansm i
simular to that proposed for the excystation of /
endocallimici (13) A second possible mechanism for
the process of excystation ss that the mednm
tniggers off reactions 1n the interior of the sporocyst
which somehow create the tenston in the plates that
eventually causes them to curl mward With this
type of mechanism the separation of plates may be
purely mechanical due to the forces exerted on the
Junction by the curling of the plates The actual
curhing must be very forceful as evidenced by the
distortion of any trapped sporozoites and by the
fact that 1t continues until tight whorls are formed
Whether the excystation process actually cccurs by
one or other of the suggested mechamsms cannot be
decided, but 1t should not be overlooked that it may
very well take place by a2 combination of the two

NOTE ADDED IN PROOF

Since the acceptance of our article we have obtawed 2
copy of the following paper Christte E Pappas P W
& Dubey J P Ultrastructure of excystmest of
Toxoplasma gondii oocysts J Protozool 25 438-44"
1978 This paper presents a genersl view of the proce

of excystation with which our observations are |

agreement However, our paper provides addition

details on the ultrastructure of the sporocyst wall and &

changes occurfing dunng excystation There are t

points 1n which our results dffer from those of Chrish

et al (1978) a) We did not observe excystation of m

oocysts while they found 20% of intact oocysis 3

excyst b) they refer to the sporocyst wall as & fiv

layered structure but from our examwation of 1t

formation (7) we feel 1t 1s mofe accurate to refer to s+
two layered structure separated by an electron transiv

cent space

We are indebied 10 Mr J F Dunachie and Mis 4
Reully for the maintenance of the SPF cats Ve gratefully
acknowledge Mrs M Ravn and Mrs J Berg 100
technical assistance and Miss 4 G Orergagrdand Mr
Laursen for photographic assistance

The work was supported by grants from the B ortd
Health Orgamizanon the Welloome Trust the Danish
Medical Research Council and the W H Ross Foundd
tion
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CHEMOTAXIS OR MIGRATION INHIBITION
OF RABBIT PERITONEAL POLYMORPHONUCLEAR
LEUKOCYTES CAUSED BY CHEMOATTRACTANTS
AT VARIOUS CONCENTRATIONS

KJELL SVEEN

The Cade Insurste Depantment of Muczobwology  Laberatory for Oral Microbwology University of
Bergen Bergen Norway

Sveen K Chemotanss or mugration inhibion of rabbit peritoneal polymorphonuclear leukocytes caused
by at various Acta path microbrol scand Sect B 87 285-290 1979

Punfied Lipopolysaccharide (LPS) from Veilfonella mcubated in yormal rabbit serum was tested for
chemotactic actVity on rabbit polymorphonuctear leukoeytes (PMNs) 1z modified Boyden chambers In
doses above those gving optimal response (Over-optimal dose) a decrease of the PMN mugration
activity Was found This decrease also Correlated well with an increase m the migration mhibiuon of
the PMNs as demonstrated with the capillary tube assay The PMN chemotactic factor 1solated from
LPS induced mflammatory exudate (LPS CF) 1n rabbuts produced both a decrease m chemotactic
response and & Migration (b tion of PMNs in over-opnmal doses This bibrtory effect was not due
1o cytotoxicity Proved by the trypan blue exclusion test Alsa a reduced locomotion of PMNs first
b w and then

was shown when the same PMAs were
cestinulated to Tugration Using the same This was as a ds of the

cells A cross<deactnaton was demonstrated between LPS-CF and casein The results from the
experiments reported show that the Boyden chamber may be used to discrinupate directional
chemotaxis and mugration nhibion 1t may also be concluded from the study that the reduced

m gration acuvity of PMN\s at over-opumal doses of chemoattractants 1s not due to cytotoucny but
most Probably 15 caused by a deactvation of the cells

Key words Levkochemotans migration inhubition hipopolysacchande chemotactc facter casesn
Kyelf Sveen Mikrobiologisk avdeling MFH bygget N 5016 Haukeland sykehus Norway

Rectrved 31 79 Accepted 29 1v 79

Polymorphonuclear leukocytes are essential in
the host response to acute mfections The attraction
Al FMNS @ the wnflammatory area and the trapping
of PMNs m the mfllammatory focus are of
mportance n the inflammatory process {11) It has
betu suggested that these tho eyents are effeqied
aither by the same molecule {4) or by separate
molecular entiues (17) In the tmmune response
both chemotactic factors and factors nhitwng the
migraton (MIF) of PMNs are released from B and
Tlymphocytes sumulated by anugen In this
Situanon chemotatss and mugration inhiwion are

‘bound to different molecular entities (17) Leukotac
tc factors are also generated by actwation of
complement eg by bactenal lipopolysacch:
LPS) and ame = = psacchande
cytotay

able to

ina
o 2 LApeliments
copcerning the leukotacuc effect of different cyto-

tauns or cytotaxigens have shown that there 15 a
dose response relationshup up 0 2 Certan optimal
dose of the themoattractant The use of higher
concentravons regularly leads to 2 decrease 1n
tumber of PMNs accumulated (4 7 9)
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Purified hpopolysaccharide (LPS) from Verlfonelia incubated i normal rabbit serum was tesied for
chemotachic actvity on febbit Polymorphonuclear feukocytes (BANs) 1 modified Boyden chambers In
doses above those giving opuimal response (over-optimal dose) a decrease of the PMN mugration
acuty was found This decrease also correlated well with an inCrease 10 the migrauon ihibiuon. of
the PMNs as demonstrated with the capillary tube assay The PMN chemotactic factor 1solated from
LPS induced inflammatory exudate {LPS-CP) in rabbns produced both a gdecrease i themotactic
response and a migration intubition of PMNs in over-optimal doses This inhibutory effect was not dug
10 cytotoxicity proved by the trypan blue exclusion test Also a reduced locomotion of PMNs first
pre ncubated with chemoattractants and then reactivated was shown when the same PMN\s were
restsmiulated 10 migration UsmMg the same Thus was 25 of the
cells A cross-deactivaon was demonstrated between LPS-CF and casein The results from the
experiments reported show that the Boyden chamber may be used to discimunate directional
chemotats and mugrayon 1hsbiwon J1 may a'se be concluded from the study that the reduced
migration acuvity of PMNs at pumal doses of 15 not due to
Taost probably s caused by a deactvation aof the cells

but

Key words Leukothemotawts migration inhtbiion lipopolysaccharide chemotactic factor casein

Kjell Sveen M krobialogisk avdeling MFH bygget N 5016 Haukeland sykehus Norway
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Polymorphonuciear leukocytes are essential 1n
the host response to acute infections The attraction
of PMNs to the inflammatory area and the trapping
of PMNs m the mflammatory focus are of
importance 1 the inflammatory process (11) It has
been suggested that these two evenls are effected
ether by the same molecule (4) or by separate
molecvlar entives (1 In the mmune response
both chemotacne fartare and &
mera 't .

T lym

SifUatiy  wusuiglts dnd migration inhibition are

bound to different molecular entities (17) Leukotac
tic factors are also generated by actvation of
complement eg by bactenal lipopolysacchande
(LPS) and antigen antibody complexes acting as
Also bactenal 1des are

able to sumulate B lymphocytes non-specifically

I vitro (9) and 1 vno (10 14) expeniments
concerning the leukotactic effect of dufferent cyio-
taxins or cytotatigens have shown that there 15 a
dose response. refationstuip up to a certan optimal
dose of the chemoattractant The use of hugher
concentrations regularly Jeads to 4 decrease 1n
nutmber of PMNs accumulated (4 7, 9)







Yiahiliy Test

LPSUVe‘) 1n equivalent amounts to that used for the
tesung of chemotactic activity Was scubated in the same
Yolume of serum LPS-CF was prepared in two-fold
diluons with Gey s medium s used 1n the chemotaxis
asay To each dilumos of LPSCF appronimately
12x 107 PANs were added before mcubation at 37°C
far 3 h The PMNs were therealier 1sofated by
&ntrifugation at 4°C and sasbed 3 umes in cooled (4°C)
Gey's medrum The cells were tested for viability by the
trypan blue exclusion test.

Chematacic Smulanon of Prewmcubated Levkocytes

beng incubated for 3 h wuh different
conceatsations of LPS-CF the PMNs were washed 3
tmes 18 cooled Gey s mediura therealter suspended m
this medrum and kept at 1°C for 7 h for reacuvation The
calls were then Wasted 3 times 1 cooled Gey s mediwm
suspended 1n Gey s medsum contaimng 2 per cent BSA
and adjusted to a concentration of 107 leukocytes per ml
Each sample was tested for the capatity of migration
agamst the same concentration of cytotaxin as 1t had been
premeubated wih usiog the Boyden chamber for
measuring the chemotactsc actvity Another experiment
was performed where PMNs after being preincubated
Y . ..

medium contaming 2 per cent BSA and sumulated by 1
per cent casein to pugration acuvity in the Boyden
Chamber Tnaddtan Wovwon — & v tSe e

EXPERIMENTS AND RESULTS

The migration actvity of rabbit PMNs response
to different doses of LPS-Ve9 and LPS-CF was
examuned 1n Boyden chambers and by the capillary
ube test . parallel expenments (Figs | and D)
Maumal leukocyte chemotaxis was achieved by
125 pgof LP'S The regression in attraction actvity
at hugher doses of LPS Ve 9 was paralielied by a
Z‘uwdti 1158 10 mugration 1phubition (Fig 1) Essents
ly the same results were obtained ys
Cchemoattractant (Fig 2) e LPS CRas
The results obtaned when the PMNSs w
ere pre
exposed 1o different concentrations of | v<p "
leduceq
out premcubation
1} Leukocytes

'
vuvavy

compared to that obtamned withg
with chemoatractant {¢f Fig
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Fig ! Upper panel Leukocyte chemotanss induced i
Boyden chambers by LPS-Ve9 incubated 1a normal
Tabbit serum diluted 1 1 with Gey s medirm at 37°C for
30 min and at $6°C for 30 min Each pownt represents
the mean cell count T standard deviation tvertical bars)
for tniplicate chambers (sohid curve) Lower panct
migration 1otubinon of leukocytes induced by LPS-Ve9
ncubated as described above with serum dituted 1 | with
M 199 FCS measyred with the capillary tube test Bars
represent means of migraton ihibwion from six
capillaries  Values of more than 25 per cent were
considered as significant migraton nbubstion wah
reference to LPS free petns dishes
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Fig 2 Upper panel Leukocyte chemotanss 1
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The present study was undertaken to if
there 15 2 correlation between decreased chemotaxis
and mhibition of leukocyte mugration 1If both
activities can be induced by the same molecular
entity, and 1f the impaired chemotaxis observed at
over optimal doses of a chemoattractant 1s due to a
cytotoxic effect

To obtain information on the interplay between
PMNs and chemoattractants experiments were
included where PMNs stimulated with cytotaxin or
Cytotaxigen were allowed to regam therr capacity to
respond /e to become reactivated before a repeated

withach actant was carried out

MATERIALS AND METHODS

Rabbit Polymorphonuclear Leukocytes (PMNs)

PMNs were obtained from the pentoneal cavity of
adult New Zealand White rabbits and 1solated as
previously described (9) Before being tested for migra
tion 1n modified Boyden chambers (6) (Neuroprobe
Bethesda Md USA) the PMNs were suspended 1n

M t of Ch Activity

The two compartments of each modified Boyden
chamber were separated by a Mitlipore filter (Millipore
Filter Corp Bedford Mass USA)witha pore suze of 3
p The lower compartment having a volume of 0 2 m)
was filled with chemoattractant The different chemoat
tractants were prepared erther from preincubation of
LPS Ve9 1n a two fold dilution ranging from 200 1o
156 pg1n 0 1 ml of NRS or LPS-CF 1n 0 2 m! of Geys
medium 1n a two fold dilution ranging from 25 to | 56
pg Casem was used 1n a one per cent solution Before
placing the filter discs in the chambers 0 3 ml of the cell
suspension se 3% 106 PMNs was spun down on the
filter as descnibed previously (9} The upper compart
ment was filled with Gey s medium contarning antibio
tics and BSA and the chambers placed tn a humid
1ncubator at 37°C for 3 h After the mcubation period
the filters were stained cleared and mounted on glass
slides {9) The number of PMNs on the distal side of the
filter disc was calculated as described before (9) and the
chemotactic activity expressed as the number of PMNs
per high power field

Migration Inhibition Test
PMNs were transferred by means of vacuum suction
to heparinzed (A/S Apothekernes Laboratorium for
Oslo) it capullary

Gey s medium (50 pg G: ®
(Schering Corporation Bloomfield NJ) and 2§ pg
Fungizone® (Squibb Flow Laboratories Irvine Scot
land) per m1) and adjusted to a 2 per cent solution with

tubes (capactty approx 75 pl) (Vitex Denmark) whick
prior to fillmg were sealed at one end by melung the glass
(3) The capillary tubes were centrifuged at 900 rev/mun
for 5 min and cut over just beneath the cell flud

bovine serum albumn (BSA) (Armour Phar
Company Ltd FEastbourne England) giving a final cell
count of approximately 107 cells per ml For the
migration inhibitron test (see below) Medmum 199
contaimung 5 per cent (v/v) mactivated foetal calf serum
(M 199 FCS) (Flow Laboratories) and the same concen
tration of antibiotics as added to Geys medmm was
used Cells from the batch used for chemotactic assays
were suspended at a concentration of 3G x 106 celis per
ml n the medium

Source of Complement
Pooled sera from normal rabbits (NRS) contarning 0 1
per cent mertholate (w/v) were stored at —25°C until

used

Chemoattractants
Bacterial Lipop

wsolated from Veillonella parvula s
ad ol @ and a

(LPS) was

train Ve9 by the
Fad ag

one mun (MSE/Mullard 60W 20 ke/s)

Cytotaxin The 1solation of LPS from Bacteroldes
Jragiis subspectes fragihis stran Lille E 323 (8) the
implantation on rabbits of Teflon® chambers (14} the
inducuon of flammatory exudate and chemotactic
factor generation (LPS CF) by LPS and the xsolauo:ezf
LPS CF (12) were carned out as previously descri s
Caseim was obtamned from E Merck AG Darmstadt

Germany

The cell portion was
placed tn small petr1 dishes (4 5 cm diameter) (Stenfn
Ltd England) contaiming 4 ml of the medm or the
control In each petrt dish 3 capillary tubes were held in
place with a small amount of silicone Each dilution of
either LPS serum 1ncubation mixture or LPS CF suspen
sion was tested m 2 petrs dishes Two petrt dishes
containing only M 199 FCS served as controls LPS
Ve9 which was premcubated in 0 1 ml serum (37°C for
30 mmn and 56°C for 30 min) was tested 12 two fold
dilutions ranging from 200 to 1 56 pg and LPS CF was
tested 1 two fold dilutions ranging from 25 to ) 56 pg
per 02 ml of M 199 FCS Before dilution with M 199
FCS the preincubated LPS serum mixtures were centrt
fuged at 28 000 X g at 4°C for 30 mmn (IEC Untversal
Model UV) and the supernatants pipetted off After
1ncubation at 37°C 1n humid air contaimng § per cent
CO; for 6 h the petr1 dishes were placed under an

and d by a Polarod
camera using a four fold magmification objective The
area of migration was calculated by plammetry and the
percentage migration as

migration area with anugen
mugration area without antigen

x 100(3)

The average area of migration for each dilution of test

substance was calculated from 6 capillary tubes and the
of was d from

the average arez of the control



PNs betng prewncubated 1n Gey s medm contay
amg LPS onty (cf Figs 3 and 4) ndicates that the
decreased miggation actity from PMNs preincuba
ted 1 wcreasing doses of serum-dertved cytotaun
may be due 1o a binding of cytotaxin molecules to
the receptor sites on their membranes This bunding,
may result in exther a partial or complete Toss of an
esterase acuvity The receptor Sites may nok be
reactivated of Tenewed of an exbaustion of the
metabolic processes andfor an increase of the
surface adhesiveness may thus be important factors
1n the decreased migration activity In addinon the

of a decreased response
paralleling a migration inhibruon from over-optimal
doses of LPS-CF 1ndicates that these events are not
due to chemotactic 1nactvators of imhibitors 1n the
serem alone The possibility has also been suggested
that the loss of mugraton function of human
neutrophils pre-evposed to high concentration of
chemotacuc ageats may be attnbutable to the
wteraction of the cells with reactive forms of
oxygen denving from the cytotaxn mduced burst of
oudative metabotic actiity (5}

Cross-deactivation of the cylotatins CSa and
kaltrkeewn (2} and between different complement
denved chemotactc factors (15) have been repor
ted The results of thus study also indicate that the
serum-derived cytotaxin LPS-CF and casein may
have common receptor sites on the PMN mem
brane

1t 15 posuible that 2 chemotacus gradent of tgh
concentration across the filter may acuivate mem
rane receptors 1n a concentric distribuuon alt over
the cell surface thus leading 10 a trapping of the
ctlis Thes msght represent an important mechanism
m the controf of inflammatory responses meduated
by leukotactc factors

Jungt (4) suggested a cell surface ad| in

release of such factors has been reported to ke
place when rabbit peritoneal PM\MNs are phagocyto-
sing (1) However, these macuvators of inhibitory
factors are not identical to the rugration inhibitton
factor (MIF) produced by antigen sumulated B or
T lymphocytes

“Taken together the results from the experiments
eported show that the Boyden chamber may be
used o discmmate directional chemotaus and
rigration inhitiuon 2s has ko been suggested by
others {4 19) Thus the reduced migration actinity
of PMNs found at over-opumal doses of chemodat
tractants 15 not due 10 2 cytotovicity but merely (02
deactnation of the cells most probably contributed
by several non-speaific components
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Fig 3 Migrauon of rabbit pentoneal leukocytes
1n Boyden after the were

premncubated for 3 h at 37°C 1n chemotactic medium
(various amounts of LPS Ve9 mn normal rabbit serum
prepared as in Fig 1) After reacuvation (washed 3 times
and then resuspended 1n Gey s medium for 7 h at 1°C)
the | yles were lated to agamst the
same chemotactic medmum as they were presncubated
with Bar A represents leukocytes first premcubated with
125 pg of LPSVeS m 02 ml of Geys medum
by d and then to agamnst 125
¥g of LPS Ve9 in serum (chemotactic medum prepared
asin Fig 1) Bar B represents leukocytes preincubated
with heat inactivated rabbit serum The leukocytes were
reactivated and then sumufated to migration as m A
Each bar represents the mean cell count from duplicate
chambers
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Fig 4 Migration of rabbit perttoneal leukocytes

premncubated 1n Gey s medmm contanung 12 5 g
of LPS 1n 0 2 m! showed higher migration actvty
than cells preincubated only 1n serum Before the
PMNs were reactivated, trypan blue exclusion was
95 per cent compared to 92 per cent after the
reactivation

Leukocytes first prewncubated with different
concentrations of LBS 1 serum and thereafier
reactivated for 12 h at 1°C showed a decreased
migration activity when restumulated by 12 5 pg of
LPS (cf Fig 4) The reduced chemotactic response
of the PMNs was most sigmificant when high doses
of LPS were used mn the premcubation rmusture
When stimulated agamst a one per cent casein
solution the PMNs showed a response pattern
stmifar to that Seen when stimulated agamst LPS
Cells bated either d NRS or
Gey s medium Contaming LPS showed the highest
migration activity About 90 per cent of the
leukocytes excluded the trypan blue dye after 12 h
of reactivation No difference 1n the percentage of
cells taking up trypan blue dye was found esther
when over-optimal doses of cytotaxm i Geys
medium or when Gey s medium alone was used i
the premncubation pertod

DISCUSSION

These studres demonstrate that the mhibitson of the
mugration i viro of rabbit pertoneal PAINs
mduced by high concentrations of the cytotaugen
LPS Ve 9 or the cytotaxin LPS CF was paralleled
by a decrease i chemotaus (cf Figs 1 and 2)
These results indicate that the same recognition
mechanism 1s nvolved both in inhibiton of
d: and m ) kit
tion depending on the concentration The detach
ment of cells from the chemotactic side of the filier
has been ruled out as 2 major factor 1n the decreasé
m cell accumulation 3t over-opuimal doses of
attractants (9) The resulis of the evpenments
reported here also exclude cytotoucty as af
explanatton of this phenomenon .

[

measured 1n Boyden chambers after betng p
for 3 h at 37°C in medium COMamng Vafious
concentrations of LPS ¢ in rabbut serum {prepared as
mFig 1) orwith A 625 ygand B 125 pgof LPS CF
10 0 2 mi of Gey s medum Bac C represents leuhocytes
4« ta e mact vated rabbit serum alone and

- Jeys

yEuig

_ar 12 h at 1°C migration (open cofummss Was
:e:sumd \n response to 125 pg of LFS “ &9 mcubated
11 rabbit serum (prepared as in F1g Doroal p;r c:m
casein solutton  (cross hatched cotumns}  Eacl » ar
represents the mean cell count from duplicate chambers

288

PMNs preexp to vartous
LPS CF results in a suppression of the same PMNs
from mgraton towards the same chemotacuc
gradient the suppression being proportional to the
dose of cytotaxin used in the premcubation {i3)
Such a phenomenon has been termed ndeactivation ¢
(16) The migration actsvity of PVNs after reactiva
twon (f Fig 3} was consierably decreased

d to that ob when d cells
were used (cf Fig 1) The different ages of the cells
may be a cause of their different chemotactic
responses  However the higher response from
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with concentrates of B/HK virus in order to remove
antibodses to the “host antigen

Immuna-double-dffuston (IDD) and Single radial-
dffusion (SRD) tests 1DD tests were performed as
described by Schdd {11) using as anugen virus
concentrates distupted with sodium sarkosyl detergent
(NLYT Ciba-Gogy GB) SRD teuts were made acwor-
dng to a previously described method (12 For
sequenual application of anubody i the same SRDY
wells so-calied SRD compewtion expenments  the
following method was smployed 20 W samples of
anubody were introduced and left to diffuse for 24
hours Further samples of antibody were introduced and
left to diffuse for another 24 hours before reading the
final 20ne Before testing for mufual additiveness of their
SRD reaction zones all antibody preparations were
diluted so as 1o give approxsmately equal sized Zones
wrdun the range of 18-22 mm? Complete additiveness,
of two antibody zones is taken 2s wndicatng that the
antibody preparation first added prevents the atiachment
of the one 20ded subsequently Do additveness means &
tack of such interference

RESULTS

Antigenic R, berween H3 He i

1 tests Table [ shows the cross reactions in HE
tests between different strains of the H3N2 subtype,
using post nfection ferret sera and immune goat
sera to punified HA antigens In general the post
mfecuon ferret sera were more speaific than the
immune goat sera There Was no detectable HI
cross reaction between the chronologically most
distagt strams HK/68 and Vic/75, m tests with
their corresponding post mfection ferret sera How-
ever antisera to the intermeduate varants Eng/72
and PC/73 reacted with all the test srains The
1elative stram speaificity of the reachions of the post-
infection ferret sera 1s 1n keeping with the findmg

TABLE | Antigentc Relationships berween HIN2 Strains as Indicated by
Post infection Ferret Sera and Hyperummune

that ferrets respond to an wmual snfecuon by
producing antibodies which react predomunantly
strain-specifically 1n SRD tests (16}

The results of HI assays with immune goat sera,
1 contrast to those of the post 1nfection ferret sera,
showed broader cross reactivity between strains

IDD tests The immune anti-H3 sera used i the
present study showed subtype speaficties in ibD
tests No preciptin lines were defected Wath
influenza viruses of other HA antigen subtypes,
including human HONI, HIN! and HIN2 viruses
and avian "N'749 (Hav2Neql) virus Fig 12 shows
the IDD reactions of goat immune serum to purified
HK/68 HA antgen tested agamst steacas of the HI
H2 and Hav2 subtypes On the basis of the common
precipitin Jine observed between H3 vanants, these
strawns were shawn to share one or more common
antigensc determunants The pattern of spur forma-
tion indicates some detersumants have changed
completely during the evolution from HK/68 to
Vic/75 Likewse, antserum to purified Vie/7§
HA anugen showed the converse pattern of
anugenie relationship (Fig 1b)

Reactivity and Specificity of SS- and CR -Antibodies

IDD tests When antiserum to the HA antigen of
HK/68 virus was absorbed with Vic/75 virus the
remainmng anubodies (SSix) gave precipiun lines
with all the test strams except Vie/7S (Fig 22) A
spur between HK/68 and Eng/72 viruses was also
observed The antibodies eluted from the Vie/75
virus {CRud were cross reactive and reacted With
all strains without spurs (Fig 2b)

After absorbing the ants HK/68 HA serum with
the more closely related Eng/72 varant, a more
hughly stram speaific population of antbodies
{85nx) remained which reacted with HK/68 virus
only (Fig 3a) The CR-antibodses eluted from the

Cross reactions in HE Yests Performed wih
Goat Antt HA Sera

Antiserum to
Virus
strams HK/68 Eng/72 PC/13 Vie/1§
—_—
) Gy F G F G F G
HK/6% 3340 25600 2560
6400 640
b 12800
;gﬁi (gg ﬁgg S;ég |2980(; 2560 25600 <;g zigg
b 501 1920 3
wfTs <10 300 0 5200 640 li;gg Ig;g S?ggg
A Post tofection Sereet serum

) Immune goat serum to punfied HA anugens



presence of two types of antigenic determnants on
the haemagglutinin molecule One type of determ
nant appeared to be antigenically common for the
HA antigens of virus strains within a gtven subtype
whilst other determinants were relatively stram
specsfic Some of these latter determinants may
change completely during dnift Corresponding
populations of antibody molecules directed aganst
common and strain specific determinants have geen
wsolated and studied (5 18)

The man object of the present study was to
investigate the serological properties of the strain
speaific (SS) and cross reactive (CR) antibodies 1n
vitro i terms of thetr potency per ug IgG protemn In
order to determme the probable location of the two
types of antigenic determuinants on the HA mole
cule steric mhibition experiments using single
radsal diffusion tests were performed

MATERIALS AND METHODS

Virus Strains

The high yielding recombinant stramns used were
X31 MRC2 MRCII and X47 posessing the surface
2ntigens of the H3N2 vanants A/Hong kong/1/68 A/
England/42/72 A/Port Chalmers/1/73 and A/Victo
r1a/3/75 respecuvely These stramns will be designated
HK/68 Eng/72 PC/73 and Vic/75 throughout the
text Other virus strains used were A/PR/8/34 (HON1)
A/USSR/90/77 (HIN1) A/Singapore/1/57 (H2N2)
A/chicken/Germany/ N /49 (Hav2Neq!) and B/Hong

Viruses were propagated 1n 10-day old embryonated
chick eggs and purified and concentrated as described by
Shehel & Schiid (1)

Sera

Post infection  ferret sera Ferrets were nfected
(ntranasally with 106-107 egg infectnve-doses (50%)
(E1Ds0) of virus and bled [2-14 days after infectron

Immune anti HA sera Purified HA anugens were
ssolated from the H3N2 stratns by use of the proteotytic
enzyme bromelain (1) and potent tmmune sera to these
antigens were raised In goats ([5)

Preparation of Stramn specific (SS) and Cross regeine
(CR) Anubodies
Antt HA sera prepared n goats were absorbed with
B/HK virus 1n order to remove anubodies to the *host
antigen (4) These sera were subsequently absorbed with
strans of the H3N2 subtype using essentally the
method described by Larer et al (5) For the preparation
of CR antibodies concentrates of appropriate heterolo
gous H3N2 viruses were added to the B/HA absorbed
antisera  The virus antibody complexes were then
pelleted in the vltracentrifuge and the anttbodies were
eluted from the Virus by resuspending the pellet 1n cold
01 M glycine HCl buffer pH 25 followed by brel
After fi to deposit the virus
particles the supernatant contammng the eluted CR
antibodies was adjusted to neutrality by dialyzing
overnight i the cold agamst phosphate buffered salne
(PBS) pH 72 The serum supernatants contamng the
SS anubodses after absorption with the heterologous
virus Strains were always absorbed with the correspont
ding homologous virus vanant and subjected to a®
1dentical centrif ! dure 10 order

Kong/8/73 These three latter strains will be
Sing/57 N /49 and B/HK respecuvely All viruses
were obtamed from the collection of the National
Institute for Biological Standards and Control London

2
obtain SS antibody preparations comparable with the
eluted CR antibodies The flow diagram for the prepara
ton of S8 and CR antibodies was as follows

Ant: HK/68 HA
serum (pre dsup“;:dwm
;bls;;;?;d wilh supernatant + HR/68 virus iscar
+
Vie/75 virus ?:chlu Sp;ll:
/72) HR ¥
or (B (CRyn) (SSun)

Sumilar procedures were followed for 1mmune goat
serum to punified Vic/75 HA but only absorption with
the most distant strain HK/68 was carried out tn the
first absorpuon cycle These antibodies Wil be called
SSvic and CRv Assay of the 1gG content 1n these
antibody preparations was performed by the Mancm(l;
SRD (cf below) techmque (7) using rabbit antt goat xgl
serum (Cappel Laboratories Pa USA)the ag_‘a_;ose \E:as
Goat 1gG was used as re\’erenloc anugm" s

DEAE-celtutose (DE 52 Whatman GB) m 0015 M
phosphate buffer pH 7 6 was used (8) Protein assays
were performed by the method of Lowrs ¢ al (6)

Serolog cal Methods

Haemagglunnat on inhibrr on (HI) tests These 1e5tS
were carned out by standard methods (19) but i some
experiments with immune any HA goat sera the
antibody and virus were left for 5 minutes at room
or 11 hours at 4°C before adding the red

as descrt
urified by DEAE
lSed previously (2} evcept that the anome exchanger

~nn

blood cells Before testing the goat sera were absorbed



Fig 3 1DD reactions with SSix 2nubody (Fig 3a) and CRyg antibody {

to purified HK/68 HA anugen

4

Fig 3b)obtained from immune goat strum

by absorption with Engf 12 virus {for expenimental detards see legend to Table 2 and

Materials & Methods) The subscript »HKo 1s omitted 1n the figures Arrow head tndicates spur

strains more precise mformation concesmung their
specifiaity and potency was obtatned (Table 2 1t
was clear that the two popul: of 88 it

Vie/75 virus whereas the SSuk-antibodies reacted
only with the Hh /68 varant

{SSkk and SSpK) had diffesent properties The SSux
antibodies gave smaller annulus areas with the virus
varmants Eng/72 and PC/73 and did not react with

The two of CR (CRi
and CRyx) gave clear SRD reactions with all the test
strains It can be scen from Table 2 that the CRix-
antibodies were of approximately the same potency

TABLE 2 SRD Expertments Showtng Different Specificity and Poiency Jor SS- and CR  antibody Preparations
Obtained froms Immune Goat Serum to HK/68 HA Antigen

Serum absorbed. Anubody prepatayons tested *)

Virusm with B/HK
mmunoplate concentrate SShk CRux SShk CRix
HK/68 151 4b) 1403 282 1102 08
ao0) {100) (100} (100) (100
Eng/72 944 1005 248 -9 568
[¢3] (7)) 88) 0)
PCITI 728 416 265 - 407
“s) o) [L1}) N

Viel1s 598 - 243

- [
9 (8) ﬂ“

%) SSug represents residual {strain-spectfic) antibodies after absor

SToss reactive antibodues tiuted from Ve /75 virus

SShx represents residual {strain specific) antibodies after absor

Cross reactive aptbodies ehuted from Engf72 virus
% Zone area (mm’

1mmunoplate
€} No derectable zone

rpton with Vie/75 virus whereas CRyx represents

rption With Eng/72 virus whereas CRYx Tepresents

B
) of opalescent annulus Figures i brackets are percentage values of zone obtained 1 homologous
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Fig 1 IDD reactions of immune goat serum to purified HA anugens of HK/68 and Vic/75 viruses for Fig laand
Fig 1b, respectively The centre Wells contain sera absorbed with B/HK virus 1n order to remove antibodies to the
host antigen” The peripheral wells contain virus concentrates disrupted with the detergent sodium sarkosy! at a finsl
concentration of | % (v/v) The notations represent the H3N2 strams A/Hong Kong/1/68 A/England/42/72 A/
Port Chalmers/1/73 and A/Victoria/3/75, respectively, and the strains A/chicken/Germany/ N /49 (Hav2Neal)
and A/Singapore/1/57 (H2N2) Spurs are idicated by arrowheads

Eng/72 strain {CRyi) gave precipitin lines with atl
the H3N2 viruses tested (Fig 3b) A spur could be
seen between the PC/73 and Vic/75 viruses, which
indicated that this preparation of CR-antibodies
distinguished between the strains to some degree
SRD tests The above mentioned preparations of
SS- and CR-antibodies were tested 1n different

immunoplates contaming equal amounts of
Sing/57 and "N'/49 viruses No zones of opale
scence were observed (not shown), thus confirmmg
the subtype specificity of the preparations found 1t
IDD tests When equal volumes of these antibodY
preparattons were tested 1n different immunoplate®
containing equal amounts of the varrous H3N2 test

G

2b) obtasned from immune goat serum
mental details see legend to Table 2 and
whead indicates spur

*
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T M from 1mmune goat serum
3 1DD reactions w1th SSyx antbody (Fig 33) 2nd CRyj anubody (Fig 35) obuained
ggpunﬁed Hrl?lﬂ HA antigen by absorpuon with Eng/72 virus {for expenimental details see fegend 10 Table 2 and
Matenals & Methods) The subscript »HKe is onutted in the figures Arfowhead indicates spur

strams more precise mformation concernung thewr  Vic/?5 virus whereas the SSux-antibodies reacted
spearficaty and potency was obtammed (Table 2} Tt only with the HK/68 variant .

was clear that the two populations of §S antibodies The two preparanons of CR antibodies (CRyx
SStk 2nd S had different properties TheSSux  and CRi) gave clear SRD reactions with all the test
antibodies gave smaller annulus areas with the virus  strains It can be seen from Table 2 that the CRyx-
vanants Eng/72 and PC/73 and did not react with  antibodies were of approrumately the same poteacy

TABLE 2 SRD Expenments Showing Different Specificity and Potency for S§ and CR  antibodv Preparanions
Obtasned from Immune Goat Serum to HK/68 HA Antigen

Serum absorbed Antsbody preparations tested ¥)
Virus 1n with B/HK
1mmunoplate concentrate SShx CRix SSix CRix
HK/68 151 4% 1403 282 102 708
oo {100) 100y 100y 100}
Engr/77 944 1018 243 -9 568
63) (633 (88) (80)
PC/T3 728 416 %5 - 407
{48} [&10] (¢D) “sn
Viel75 598 - U
- 10
39 ®8) 3(44)
3

SSug represents residual (strain-specific) antibodses after absor
non with Vi
grsoss reactive aatibodies efuted from Vie/75 virus e 7S s wheess CRirepcens
UK represents residual (strawn specific) antibodies after absor 1 5
cross reacuve anubodzes huted from Eng/72 virus TP S Eog/ T2 isus whereas CRixrepresenss
) Zone area {mim?) of opalescent annulus Fy
immunoplate

gUIes 10 brackets are percentage values of 2ome obtained tn hamalogous
No detectable zone

-
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Fig ! 1DD reactions of immune goat serum to purified HA antgens of HK/68 and Vic/75 viruses for Fig |a and
Fig Ib, respectively The centre wells contain sera absorbed with B/HK virus 1n order to femove antibodies to the
‘host-antigen' The peripheral wells contain virus concentrates disrupted with the detergent sodtum sarkosyl at a final
concentration of 1% (v/v) The notations represent the H3N2 strans A /Hong Kong/1/68. A/England/42/72, A/
Port Chalmers/1/73 and A/Victoria/3/75, respecuvely, and the strams A /chicken/Germany/ N'/49 (Hav2Neql)
and A/Singapore/1/57 (H2N2) Spurs are indicated by arrowheads

Eng/72 strain (CRyi) gave precipitin [ines with all
the H3N2 viruses tested (Fig 3b) A spur could be
seen between the PC/73 and Vic/75 viruses, which
indicated that this preparaton of CR-antibodies
distingwished between the strains to some degree

immunopfates containing equal amounts of
Sing/57 and "N'/49 viruses No zones of opale
scence were observed (not shown), thus confirming
the subtype speaificity of the preparations found 1
IDD tests When equal volumes of these antibody
were tested m different immunopfates

SRD tests The abo d of
SS- and CR-antibodies were tested m different

pr
containing equal amounts of the various H3N2 test

A

amt mndu (Feo 22} and CRin-antibody (Fig 2b) obtained from immune goat serum

for experimental detauls see legend to Tabfe 2 and
es Arrowhead indicates spur



TABLE 4 Specific Actvines (SRD Zont Area o7 Tirel
g IgG) of Antibodv Preparations in Serological Tests with
the Homologous Virus Strains

At HA Serological tests
o Speafian®) - ow M9
SSuk 36 3
HK/68 g{;{':f ﬁi :f
CRix 3 15
A

1) See fegend to Table 2 and Matenals and Methods

) Rauox 103 berween ome area (mm2 in SRD and 15G.
concentration (pg/m1) data from Table 2

9 Rauox 0 between HI tures (geometne mean of
duplicate tests} and 1gG concentraton {pg/ml) data
from Table 3

length of ume allowed for virus and antibody lo
interact was demonstrated most clearly for the CR-
antibodes

Spectfic actnuies of the S5~ and CR ennbodies
The serological acuviues fo the anubody prepara
tions were related to their IgG content 10 order to
establish there specific actvities 1 HI and SRD
tests Table 4 shows the specific activities expressed
as serological potency (titre or zone annulus area)
per pg IgG proten The SS antibodies gave higher
Hlutres 2nd larger SRD zones for the same
amount of 1gG than the CR antibodies

TABLE 5 SRD E: I

Interference between SS- and CR-Antibodues in SRD
Tests

SRD competstsion experuments were performed
involving sequential applicavon of different ant
body preparatons tn the same wells 1n Immunopla-
tes contarrung intact HK/68 virus 119 2s found that
the same antibody preparation applied twice to the
same well did not always increase the zone sue
exactly twofold This was found to be dependant on
the imiual zone sue and/or ume allowed for
diffuston 1f a SRD zone annulus was less than 25
mm?, the degree of homologous addiion was
always found to be near 100% Ue twolold
1ncrease) when diffusion time was 24 hours Al
antibody preparatons were therefore diluted before
testing 0 as to give zone areas withim the range of
18-22 mm? Table § shows the results of these
experiments 1t was found 1hat the CR anuibodies
when apphied first. completely excluded the SS-
anubodies m most 1nstances since in that situation
the zones were addiive This was not the case when
the SS antibodies were applied first, here the zones
were sigmficantly less additive Tests with SSpx-
and CRuk 2ntibodies showed intermediate patterns
of additiveness

Similar experiments With SSy and CRy.-

tested 1

Vick1S wirus gave essenually sumilar resuls to
those described for the antn HK/68 HA antibodies
fe the CR anubodies excluded the binding of the
SS antibodies when tested 1n that order

DISCUSSION

This feport 1s an extension of earher findings {5, 14)
that the HA antigens of viruses belonging to the H3

Degree of Add)

of Zones Prod,
Defferent Specificuy from Immune Goat Serum 10 HK/68 HA A f Zones Produced by Ansbody Pregarasions of

ntigen by Sequential Apphication of Antibody

Aoty Percentage additveness
pu?;:\dwm Romologous Heterologous
(S84} {CR+CR) (CR +55) 8S+CR)
g:; g&:: g; ggdng)‘! 1004106 93} 101 (109 99 47(51 44)
SSuk  CRmg 93(101 90) 99§ ‘(;249:3) o001 AR
S G 300 Ba  Src0sen g
2 Allontrios nem mmano e e

s with highest and lowest scores 1n brackets
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Fig 4 Specifiaty and potency of cross reactive and
stratn specific anttbody preparations 1n SRD immunop
lates containing HK/68 and Vic/75 virus strains Upper
panel HK/68 wvirus in immunoplate Lower panel
Vic/75 virus 1n immunoplate The same six antibody
samples were tested 1n both plates On row 1 left to
night 11 both panels the antibody samples were a) Goat
ant Hh/68 HA immune serum absorbed with B/HK
virus b} SSyx antibody and ¢) CRpx antibody On row
2 left to nght 1n both panels the antibody samples were
a) Goat antt Vic/75 HA immune serum absorbed with
B/HK virus b} SSy cantibody and ¢) CRy ¢ antibody
For more detailed description of the antibody samples
see legend to Table 2 and Materials & Methods

when tested agamst all the H3N2 strams 1
question as indtcated by simular swed zone areas 1n
immunoplates contamning the vartous H3IN2 anyt
gens This suggests that they were drected essents
ally against determinants which were common for
all the H3N2 strams used mn this study On the other
hand the CRyx antibodies extubited some degree of
spectficity for the homologous vanant as the zone
areas decreased when tested against progressively
more distant strams

Antiserum to purified HA antigens of Vic/75
virus was absorbed with the HK/68 varant
leaving n the supernatant a population of antibodies
designated SSv,. The eluted antibodies from the
HK/68 wvirus were called CRy. These two
preparations of antibodies together with the SSyx
and CRyx antibodies were tested 1n immunoplates
containing HK/68 and Vie/75 viruses The results
of these experiments are shown in Fig 4 Incanbe
seen that the SS antibodies reacted only with the
homologous viruses whereas the CR antibodies
gave SRD reactions with both stramns

HI experiments In conventional HI tests which
allowed the virus and antibody to interact for a
short time before adding the erythrocytes the CR
antibodtes were found to react poorly with the most
distant strans (Table 3} despite the posine
reactions observed 1n IDD and SRD tests However
if the virus antibody mixture was mcubated for 2
Jong period of time (11 hours at 4°C} the CR
antibodies gave markedly higher titres Although
the ficity of the antibody p m Hi
tests agreed generally with the results obtamned by
SRD the CR antibodies reacted to higher HI titres
with the homologous than with the heterologous
strains Also the relative tncrease 1n HI titres with

TABLE 3 Effect on HI Titres with Lengtk of Interaction Time for Virus Antibody Mixtures before Adding Chick
Enthrocytes Tests with SS and CR Anubody Preparations Obtained.  from Immune Goat Serum to HK/68 HA Ant gen

Antibody preparations tested *)

Virus SSHx CRux SSix CRux
strains
) 1 1 n 1 u 1 n
8
169 32 08 32 16 32 32 12
S,Km 16 32 01 04 <01 <01 16 64
eIT3 02 08 01 08 <01 <01 04 16
Vo <01 <01 <0l 02 <01 <01 <01 02

1) Seelegend to Table 2

b) [ Virus antibody interact
hours at 4°C

<) All entries are HI itres X 103

on tme for § minutes at room temperature 11 Virus antibody interaction tume for 11



near fhus Yeceplor Tegion mAY be incofsistent wuh
infecunity Therefore the location of the more
stable antigernt determinants narmely the CR sies
close to the distal part of the HA molecule might
fsnour conservaton of biotogical function 1o order
10 tnvestigate whether CR antibodies are able to
select anugenc mutants  studies are now
progress to study antigeme dnft myvuroandimiio
under selectsve immunological pressuré by 85 and
CR antibodies
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subtype comprise CR-determmants which are anty-
gemcally common for a range of H3N2 viruses and
thus relatively stable, and which may remamn
unchanged during antigensc ‘dnft’, In addition, there
are other determinants which are more variable (i ¢
the SS-determinants) and may change completely
duning antigentc ‘drft' It 1s emphasized mn this
paper that the terms ‘cross-reacuive’ and ‘stram-
specific’ are operational and relative concepts and
should therefore be used with reference to the actual
cross-absorption experiments performed Thus, ba-
sed on the experimental design of our assays, 1t
appeared that the SSyx- and CRyx-antibodies were
narrowly strain-specific and broadly cross-reactive,
respectively On the other hand, both the SSjyy- and
CRyx-anubodies seemed to exhibit both cross-
reactivity and strain-specificity when assayed 1n the
various tests (SRD, IDD, HI) The closer, chronolo-
gically and antigenucally, the absorbing virus was to
the HK/68 variant, the more specific were the
l'eS’l'dUal antibodses 1n the supernatant (SSyk versus
SSux) The more distantly related the absorbmg
virus was to the HK/68 strain, the more broadly
reacuve were the CR-antibodies (CRix versus
CRuy)

The properties of the SS- and CR-antibodies, as
shown m HI tests (Table 3), suggested ndrrectly
that the CR-antibodies were of low avidity, as
previously shown by Laver er al (5), smce the lack
of reactivity vould be overcome by letting the virus
and antibody interact for a long period of ttme (11
hours at 4°C) before adding the erythrocytes This
increase 1n HI titres with tume of reaction was
demonstrated most clearly for the CR antiboadies tn
our studtes In terms of specific serological activity
(HI utre or SRD :one annulus area/pg IgG
protemn), 1t was found that the §S-antibodies were
the most efficient type of antibody 1n both HI and
SRD tests (Table 4) This was also found to be the
case 1p neutralization experiments i ovo and i 1110
3)
In SRD competition experiments, 1t is likely that
the antibodies against determinants located n the
more distal region of the HA spike, 1f added first,
will terfere sterically with the binding of antibo-
dies to determunants located somewhat nearer the

that the CR-antibodies, when applied to antigen
first, may completely exclude the binding of the SS-
antibodies However, when the SS-antrbodies were
added first, the mterference with attachment of CR-
antbodies was only partial (Table 5) This observa-
tion supports the conclusions of Laver ef af {5) that
the 5S- and CR-deternunants are not located on
different HA-spikes It has also been observed that
anti-NA and anti-HA antibody zones were not
additive 1n SRD tests (13), thus indicating that
antibodies to determunants on different surface
antigen molecules of influenza virus do not interfere
mutually in these assays

Electron microscopic visualization of the sites of
attachment of SS. and CR.antibodies on the
mfluenza HA spike by Wrigley et al (20} has
revealed that both types of antibody had become
bound to sites located tn the sub-tip region of the
HA subunit and that this was indistinguishable for
both types of antybody Our findmgs could be
interpreted as suggesting that the CR-determnants
are located closer to the distal end of the HA subunit
than the SS-determunants This could etplam the
nterference observed between the two popuiations
of antibody when tested sequentially in SRD immu-
noplates A striking observation in our studies was
that when the SSh- and CRity-antibodies {shown
to be of mtermidate specificity) were tested for
mutual additiveness, they seemed to interfere
reciprocally to a similar degree, irrespective of
which antibody was added first One possible
explanation for this 1s that the SSj- and CRux-
antibodies could be directed agamst overlapping
antigenic regions Others have also found that ther¢
15 a close spatial relationship between ‘common’ and
‘specific’ determinants {9)

However, an alternative explanation for the
results of our competnon expertments 1s possible It
was found consistently 1n SRD tests that more CR-
antibody molecules were bound per virus particie
than SS-antibodies (Table 4) since a given amount
of SSy-anttbody gave larger zones than the
corresponding amount of CRyx-antibody Consequ-
ently, the patterns of mutual additiveness observed
might therefore reflect a relanvely higher density of
CR-anttbodies bound per HA molecule than the SS-
thus suggesung that there are more CR-

proximal end of the molecul added 5 Iy,
becaus Lomm ke
intact

these
mmpose the same degree of sterical hinarane, uie

extent to which SRD zones produced by the anti-
HA antibodies are additiie might shed some hight

than SS antibody-combining sites per HA molecule

It may be that the SS and CR-determinants
represent regions on the HA molecule which
undergo amino acid substitutions by mutation at 2
different rate or, more likely, show variable degrees
of structural towards such 5
A that the HA receptor for the host cell

on the possible physical ar t of the
corresponding antigenic determinants on the Hfz
subumt During these insestigations it was foun

-“no

resides at the distal tip of the HA molecule.
rearrangements of the tertiary structure close to or
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GROUP L STREPTOCOCCI AS THE CAUSE OF
BACTERAEMIA AND ENDOCARDITIS

A Case Report

LARS BEVANGER and TOR IV AR STAMNES

Norway and Laboratory Division
Microbiology Regional Hospial  Trondhesm
Pepsament of © Innherred Hospital Levanger Norway

Bevanger L. & Samnes T § Group L as m;o?use of and A

case report  Acta path microbiol scand Sect B 87 301 1979

A beta haemolyuc streptococrus was isolated from muluple blood cultures 1n a 56 yur;:’d woman
suffening from thrombophlebiis 1n & leg and from a 42 year-old man with endocardivs Both xmm:
were identified as group L. streptococa: by preciptation testing Imitsally they were denulied as group

streptococet on the basis of cultural characterisics bacttracin sensiuvity and fluorescent stmng with
an antigroup A comugate The two cases are an addiion 10 the few exisung reports on proved

1fection 1n humans by grotp L streptococe

Key words Group L,

L Bevanger Regionai Hospial Department of Microbiology N 7000 Trondherm Norway

Received 813 79 Accepted 5v 79

Group L streptococts have mostly been associated
With mfectons mn animals and infections tn man
have been reported only rarefy Isolation of group L
streptococes from two patients with bacteraemsa

one of them suffering from endocardis 15 de
seribed here

CASE REPORT

Patent No 1 In 1977 a woman born m 1921 was
admtted to the Medical Department Regonal Hospital
Trondhem Norway In 1960 she underwent sugical
treatment for cancer vulvae with removal of the inguinal
Iymph nodes Since then she had suffeced from repeated
ePisodes of thrombophlebits 1n the Jeft loo Sha » 2

5 v 4 UuliAe ocdema of the lefy leg but no
other pathological findings Temperature was 3§ 315
Ppulse rate 80 per minut blood Pressure 1707100 whyte
blood cell count 107 % 199 cells per and erythrocyte

sedimentation rate 47 mm per b A bew haemolyuc
St was 1solated from all of stx blood cultures
taken duning the fisst 24 b She was treated with
penmicillin intravenously and recovered and fas since
been m good health Gynaecological examination and
Phlebography have revealed no abnormahues

Pasient No 2 In 1978 a man born 1 1936 was
admitted 10 the Medicat Department Tanherred Hospual
Levanger Norway In March 1978 he had an acute
febrile aflness with sore throat and muscular tenderaess.
and was treated with pemsallin He did nog recover
completely and suffered from recurrent febrile episodes
A systolie tardiac murmur was recorded some weeks
Physical examination revealed a holosystolic
cardiac murmur grade 3/4 Temperature was 38 1o C
pulse rate 76 per mun with premature beats blood
pressure 155/85 white blood cell count 12 x 109 gelis
1€ sedimentation rate 34 mm perh

€Y was recorded AW four
sbortly afier admussion showed
MOlYUC streptococcus The Patient
‘malln for six weeks and has since

Blood cultures taken
210Wth of  beta hae;
was treated with pe;
been 1n good health
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FIBRINOGEN BINDING STRUCTURES IN
8-HEMOLYTIC STREPTOCOCCI GROUP A, C, AND G

Comparisons with Recepiors for 1gG and Aggregated Brrmiicroglobulin

GORAN RRONVALL CHRISTER SCHONBECK and ERLING MYHRE

Department of Medical Microbiology Unuversity of Lund Solvegatan 23 § 223 62 Lund Sweden

lyuc sireptococct
Kroovall G Schonbeck € & Myhre E Fibrinogen binding structures i B hemol

group A C and G Comparnisons with receptors for TgG and aggregated Broucroglobulin Acta path
mictobiol scand Sect B 87 303-310 1979

Buinding of radiolabelled fibrnogen was measured to 197 strains of 16 different bacterial species All
sireptococeal stramns belonging o growps A € and G solated from human sources were strongly
posiuve § aureus sirains showed low binding values Occasional group B streptococci were posiuve
Reacuve strains were also noted among group C streptococc: of ammal ongn  Strepfococcus
z00ep demtcus and Str equu and bovine B hemolyuc group G sireptococn Bovine o hemolyuc group
G strans as well as the remamung seven species of human ongin were all negauve Inhibiion
experiments and correlauon studies 1ndicated that the streptacoceal receptor for fibrinogen was different
from immunoglobulin Fc binding reacuvity Cs with the newly ¢; ed B,
binding factor showed that trypsin concentrauons which destroyed this receptor left the fibrinogen
receplor 1ntact  Although the ™o Teceptors correfate 1a strain populaucn studies and show competinon
for binding the difference 10 trypsin sensivity indicates that they represent two different structural

entities Both receptors might serve as basic markers for M protein hke surface components of Gram
posiuve cota

key words Streptococct fibrinogen 1eG 82 microglobuhn
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Surface structures on several species of Gram
PosIVe COCCl Posses umique receptors specific for
some mammalan proteins Proten A of S aureus
can bind the Fe part of cenam immunoglobulin
classes and subclasses {5 6 7 17) A simiar Ig
binding receptor has also been found 1n streptococet
groups A C and G (12} Fibronectin can bind tn €

types of bacteriat mammalian protein interactions
the well known binding of fibrinogen to the clhump
g factor of § aureus should be sosluded T
wteracuon was discovered already 1n 1908 22) A
similar binding of fibrinogen to group A streptocoe

o ety
<
t

v v ou o wogOUp A
streptococc: was shown to be M protemn (8 9)
The presence of several different receptors for

& vub A L NU G SITepLococer as well as with other
bactera through Fab structures (4) Afbumun has
receatly txen shown 1o bind to a group G
streptococcus (16) Among these newly discovered

human proteins on group A C and G streptococes
makes a localization of some of them 1o the same
surface protein(s) rather hikely Indeed the 1nhiby
uon of binding of aggregated Brmucroglobulin by
added fibrinogen suggests that the receptors for
these two mammahian constituents may be identical
or closely located on the same protein (13) The



Bacterological Findings

The bacterial 1solates from these two pavents mere
dentsfied as 1 field group L by ring test
Pprecipitation and agar gel diffusion testing  Hot forma
mude extracts from the bacterta and commercial group
antisera (Wellcome) were used 14) The two strains could
ot e diff or ©n
blood agar coltnues produced bera haemolysis simnat 10
that of group A streptococer In flud medra moderately
fong chains of Gram positive cocet were pbserved When
tested by Bacitracin differentiation dsses 02 1U (B
disk) & zone of smhubstion of 10 mm was recorded The
bacterta d ated 4 disunct ff staining Wath
an anti group A conjugate {Difeo) The bacteria hydroly
sed argimne  Acsd was producsd from glucose malwse
{actose sucrose and trehalose but not from arabinose
hannito! sorbutol raflinose of sahtn The TAMP test
and tests for hydrolysis of aesculin or hippurate were

the cross reacuvity shown by the any group A

]] In the tests no cross
reaction between the ants group A and anu group L
sera was observed Clearly, erronequs classification
of group L stramns especially as group A straptp-
caccy 15 a pufall This may partly explain the ramy
ofgroved fiuman wnfections by group L streptococey

CONCLUSION
The cases reported emphasize the ymportance o
recognuzing the of more <

steeptococeal groups in human nfectons and
ndicate the preferenual use of precipitation testing
m the identification of such streptococer

negatve The hacteria did not resist heat at
40°C {or 30 mun and showed no growth at 45°C or on
40 pe cent bile agas

DISCUSSION

Group L streptococes have been assocsated mamly
with anmal nfections giving nise to bactersal
endocarditis and pneumonia n pigs (7, 8) and
gensto wematy Ut wfections i dogs (6 8)
Reports of human fections by these bactena are
few They include a patient With acute parotitis {2) a
butcher with an infected finger (2) a pauent with
tonstiitis and bacteraemia (2) and three patients
with subacute bactertal endocarditis (J 3} Bacterae
tmia by (he group L streptococcus was venfied in the
tWo patents mothis report one of whom was

suffering from endocardrus
Patient No 1 had an upnderdymp condinon
e

The authors wish to thank Dr Beate Perch Siers
Serurmnsptur Copenhagen Denmark whe confatmd
the group detertnination of the bacteria and also Dt J
Hoel Medical Department Regional Hospital Trond
heim Norway and Dr P O Foss Medical Depariment
Inherred Hospital Levanger Norway who proyidedne
climeal data
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FIBRINOGEN BINDING STRUCTURES IN
g-HEMOLYTIC STREPTOCOCCI GROUP A, C, AND G

Comparisons with Receptors for IgG and Aggregated B -microglobulin

GORAN RRONVALL. CHRISTER SCHONBECK and ERLING MYHRE

Department of Medical Microbiology University of tund Sobvezatan 23 § 223 62 Lund Sweden

kronvall G Schonbeck C & Myhre E Fibrnogen binding structures i B-hemolyuc streplococsy
group A C and G Compansons with receptors for 13G and aggregated prmucroglobulin Acta path
microbiol scand Sect. B 87 303-310 1979

Binding of radiolabelled fibrinogen was measured to 197 straias of 16 different bactenal species All
streptococcal strams belonging to groups A C and G isolated from human sousces were strongly
posive S aureus straws showed low binding values Occasional group B stréptococts were posiive
Reacuve strains were also noted among group C streptococtt of ammal ongin  Sirepfococcus
o0ep demucus and Sir equu and hovine § hemolyuc group G sireptococct Bovine a hemolyuc group
G strains 25 well as the remawnpg seven species of human orgin were all negatne Iahibition
txpenments and corretauon swadies inticaied that the streptococeal receptor for fbnoogen was different
from 1mmunoglobulm Fe binding reacuvity Comparisoris with the newly discovered Br-microglobutn
bindirg factor showed that rypsin concentrations which destroyed this receptor left the fibnnogen
Teceptor ntact Although the t%0 receptors correlate in strain populaton studies and show competition
for binding the difference i trypsin senstuvsty dicates that they represent tho different structural
;‘;‘S‘;‘; ::c‘:'mm“ might ser\e as basic markers for M protem like surface components of Gram

Key words Steptococe: fibrinogen 1gG By-microglobulin

G hronvall Department of Medical M <l

23 5223 62 Lund Sweden

Receved 9¥719 A
Surface s‘mm;::":;l;’!” types of bacteria) mammalian protemn 1nteractions
posILve coce1 posses oy 2l speces of Gram,  the wall konwe, bvading, of Thuivagan te hadamp
sotee mammatian wmm?sueyrmmrs spectfic for g factor of § aureus should be included This
can bund the Fe part of co rolen A of § gureus  imteraction was discovered already mn 1908 {22) A
classes and subclasses (5§ “;"\, ;mm“noglobulm similar binding of fibrinogen to group A streptococ
binding feceptor has alsp bee ) A simdar Iz c1 was deseribed in 1934 (30) and later also to group
eramme s ua obn found i swreptococs € and G streptococct (2) The bactenal structure
. responsible for fibnnogen binding to group A

. S";%:oooccn was shown to be M protemn (8 9)

sutlace protem with v A bauenal e presence of several different

microglobulin haslbe?ﬁp::?;l‘:ibl::m aggregated 2 human proteins on group A C mﬂtGreso‘expe;olrsmfor
Streptococey (14) 11 w5 2 BIOUPA C and  makes a localzation of some of them to the same

RTOUD A

surface protein(s) rather ket

. ly Indeed the bty

b ";" ug: egl‘ rbzndmg of aggregated B mucroglobulin by
20y ae siow a 1brincgen suggests that

strept “;) A:ml;; ll;n‘g to a group G these two mammalian eonsutuim‘sh;\;yw\:ep:::\(g:
ocacous Dewly discovered  or closely located on the same protemn (13) The



present studies were performed 1n order to mvesti
gate the occurrence of fibrinogen receptors among
various bacteral strains using sensttive techsnques
and to compare these receptors with binding
structures for IgG and aggregated B2 mucroglobulin
Our results revealed extensve fibrinogen binding to
group A C and G streptococct 1n a higher
frequency than reported previously by others (8)
The fibrinogen receptor on the surface of the
bacterra was different from the other two receptors
studied although a close localization to B2 microglo
bulin binding sites seemed probable

MATERIALS AND METHODS

Bactersal sirains A total of 197 bactersal strasns from 13
Gram posttive and 3 Gram negative species were inclu
ded 1n the studies One hundred and sixtyseven stramns of
human origin were comprised of Staph fococcus aureus
18 strains Sraphy lococcus saprophyucus 10 Staphylo
coccus epidernudis 11 group A streptococcr 20 group B
streptococcr 19 group C streptococet 20 group G
streptococct 20 Streptococeus faecalis 10 Strepiococeus
prewumoniae 8 Escherichia colt 10 Kiebsiella preurmo
niae 10 Pseudomonas aerugmosa 11 All human strams
were obtaned consecutively from clinical specimens
recetved at the Chintcal Microbiology Laboratory
Unuiverstty Hospital Lund Sweden Strepiococcus Looe

d 8 stramns Str equt 2 a hemolytic
bovine group G strains 10 and B hemolytic bovine
group G strams 10 were kindly supplied by Dr O
Holmberg State Veterinary Laboratory Stockholm Dr
Marun Wierup Veterinary School Uppsala Sweden
and Dr Roar Gudding Vetermar institutet Oslo
Norway Strains were subcultured on blood agar plates
and then grown n tryptone broth or Todd Hewitt broth
for binding studies

Protein preparations Human fibninogen (AB  kabr
Stockhalm Sweden Lot no 50293) was labelled with
125 10dine using the electrolyuc method of Rosa et a
(27) as described by Harboe & Folling (6) The amount of
radioacuvity taken up by fibrinogen was approximately
18 kBq per pg protin The purty of the labelled
preparations was also analysed Radiolabelled fibrinogen
was added to whole human serum and to unlabelled
fibrinogen and aliquots were tested 1n 1mmunoelectro

phorests agamst rabbit antt human serum proteins and
rabbit anti fibrinogen (code no 100 SF and 10 080

Dako A/S Copenhagen Denmark) followed by autora

diography The results confirmed a localizaton of the

10 33574 AB

n phosphaté

azide (PBSA)

studies or raglave w  fth 125 odine
{los‘;n‘gﬂ:‘k:?‘ell‘;nuolyuc method (27) for binding stud;:s

Human $3 microglobulin punified according f0 Berg

gdrd & Bearn (1) was kindly provided by Dr Lars

and

Bjorck Lund Sweden Radiolabellmng and glutaralge
hyd)e aggregation followed methods described prev Wusly
14

Binding assays Overnght broth cultures of bactena
strains were washed and suspended to 109 organismy per
m! of phosphate buffered saline containtng 0 1% human
serum albumin {AB Kabr Sweden) and 005% Toeen
20 (PSAT) Concentrations of bacteria were deterntined
by measuring O D at 620 nm 1n a Beckman Colorimeter
CP 1 Standard curves were produced from QD
measurements of Petrofl Hausser chamber counted
standard suspensions of non aggregated bactera For
binding assays fibrinogen 1n amounts as indicated was
muxed with 200 pl of bactenal suspenston and mcubated
at room temperature for 60 minutes A 2 mi akquot of
PSAT buffer was then added and the bacteria sedimented
by centrifugation at 2000 X g for 20 munutes The
radicactivity of the pellet was measured 1n 2 gamma
counter (LKB Wallac 1270 Rackgamma) and the bind ng

p as per cent I the
pellet Tests were performed in duplicates In prelim
nary experiments no further washings of the bacleria
were found necessary in order to discrimnate bet een
positive binding and background uptake under the
expertmental conditions used Binding of human IgG or
aggregated By microglobulin was studied using sumlar
assay systems as described previously (12 14 15 24

In inhibition tests varying amounts of unlabelled
fibrinogen and human IgG was muxed with | pg of
labelled fibrinogen The bactersal suspension was then
added and the muxwre imncubated and processed as
described for the binding assay

Trypsin digestton  Varying amounts of trypsin {catalog
no T 8253 Sigma Chemical Co St Lows Mo) was
added 1o | m! suspensions of 109 bactena in 025 M
phosphate pH 75 and meubated for 20 munutes at
37°C The bacteria were then washed free of trypsi aud
testeu'rbr dmuing vi“ifdmagar Sjnte ofangraaasd 3,
mucroglobulin was included as a control (14)

RESULTS

Bunding of Human Fibrinogen to Bacterial Strainy
The tinding of radiolabelled fibrinogen to 167
bacterial strains of human origin was measured I a
standardized assay using 5 pg amounts of fabelled
protemn Fibrinogen was taken up by all group A €
and G streptococcal strains studed (Fig LA) The
ranges of per cent uptike by the strains in the three
groups were quite similar mdicaung a similar
degree of fibrinogen binding 1n C and G strains as
compared to that 1n group A stramns Staphy lococcus
aureus stramns also showed positive binding of
fibrinogen int our assay system as expected becavse
of the presence of clumping factor in this bacter:al
species {Fig  1A) The level of binding was much
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Fig 1 B nding of radiolabelled human fibrinogen (8 ug)
to 197 swams of vanous bactenal species Binding 1s
expressed as per cent uptake of added fibrinogen 10 the
bactenal pellet (2x 10! organisms) A Fibrinogen
binding to 367 sirains of twelve bacteriat specwes of
puman origin 9 Gram posiuve and 3 Gram negauve B
Fibrnogen bindig to 30 strans of anumat ongin
Biochermucal tests separate a and @ hemolyuc group G
sueptococal mto separate spectes € Vanauons m
fibrinogen binding studied by repeated culturning and
tesung of three different streptococcal strams with mean
values and SD indicated

Jower however than that recorded for streptococcal
stranS Among the remaining § bacterral species of
fiuman ongin only occasional group B streptococen
showed definite binding of fibrinogen

Among streptococet 1solated from animal sources
a significant binding of fled fibi was
noted 1n 4 of § strams of Str zopeprdermicus 1 of 2
Str equi and in all ten bovine B hemolytic group G
streptococet (Fig |B) There was no uptake to a
hemolyuc group G strams There was an apparent
two-group distribution among positve strams with
one hgh level group binding 40—60 per cent and
one low level group binding 10-20 per cent A
tendency 1o a simular distribution can be seen among
human group G strans (Fig 14)




gen
[-.])
3
7

S aveus 475

per cent uptake of rodiolabelled human fibrino

0 1 10 100pg
amount of unlabetled fibrinogen
added

gen
o
hnd

o
=]
T

~
o
i

per cent uptake of radiolabelled human fibrino:
Py
o
i

Soomect?s
Woutis
201 Ei
10
- + + =
0 200pg

0 1 10 10
amount of unlabelled 1gG added

ogen
g3sss
o
\~
.

- N W o

5 5 55 8 8
.

. *

per cent uptake of radiolabelled fibrin

10 20 30 40 50 60 70 80 90 100
per cent uptake of radiolabelled IgG
Fig 24 1 of binding to
S aureus and group A C and G streptococer (strains as

d by added human B
Inhibition expenments for studying the effect of added
human 1gG on the binding of radiolabelled human
fibrinogen 10 S aureus (3 strans) and streptococct
belonging 10 Lancefield s groups A, C and G (6 strains)
C Levels of binding of human fibrinogen and normal
buman IgG was mn48 P
strains group A, Cand G The figures shows a complete
lack of correlatton between the two parameters

4 fib

Binding parameters The mnfluence of incubation
tume on the binding of lpg of radiolabelled
fibrinogen to 2 X 108 reactive bacterra was studied
Both strams of B-hemolytc streptococct tested
(group A, stram no 18, group G, stran no 1)
showed a maximal uptake of fibrinogen already
after 2 munutes of mcubation with no further
mcrease up to 120 minutes The Staphlococcs
aureus strain tested (no 4975) reached the mau-
mum uptake onty after 30 mnutes of incubation or
more The binding levels reached and the differemt
effects of mcubation ume recorded mdicate that the
fibrinogen binding shown by streptococer s of
higher avidity than that shown by the staphylococ-
cal ¢l factor

of three

In order to determine the variability 1n the assay
system, tests on repeated cultures were performed
on three strains Fig 1C shows actual figures, mean
values, and standard deviations, 1n these tests Only
a slight variation 1s seen on repeated tests of these
strongly fibnnogen-binding strains

306

Serial of iy
streptococcal strains with a suspension of a non-
reactve S eprdernudss stram (no D5244) were also
tested for binding of radiolabelled fibrinogen At a
dilution of 1/32 or more there was a marked drop
1n binding of 1 pg of fibrinogen indicating that the
undiluted 200 ul sample provides a large excess of
binding sites



Correlation to IgG receptors The possibilty that
sodination of fibrinogen induced or altered sigmifi
cantly the reacuvaty described was first investigated
m mhubiion expenments  Varying amounts of
unlabelled human fibrinogen was added in assays
using three different streptococeal strains and two
staphylococes The addiion of fibrinogen suppres
sed the uptake of radiolabelied protemn to all strains
tested (Fig 2A) The todination procedure therefore
dd not seem 1o affect the sequences responsible for
binding or to wnduce such binding

Increasing amounts of human 1gG were added
m nhibiion experiments using six streptococcat
strains and three S aureus strans No significant
mhibiion of fibnnogen binding by I3G was seen
for the streptocoocal strains studied (Fig 2B} On
the other hand the uptake of fibrinogen 105 aureus
was partially inhubited when a farge excess of IgG
was added (Fiz 2B)
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Fig 3 Trypsin d gesuon of three sireptococeal Stratns.
group A C and G (strain numbers as indicated in (he
figure) followed by anatysis of bnding of human
frmogen Al and aggresated Brmucroglobuln (B

shows a relative trypsin Tesistance of the
Pl e {brinogen

The abscence of a relationshy
fibrinogen veceptor and IgG Fc by
on streptococes was further dem

P between the
nding structures

Further studies of the fibr
inogen receptor
trypsin sensiivity of fibrinogen binding surz:‘o:

from 2 w0 200
¥8 per ml of
standard bactersa] Suspension contaiming 10 mgu;e



msms Trypsin treated bacteria showed no change
i fibrinogen binding as compared to untreated
bacteria (Fig 3A) As a control the streptococcal

preparations from other mammalian species were
reactive (8) This has been confirmed earlier m gl
diffusion experiments showng interactions 1 a

{t gel precipatate (M1 — anti M1) by plasma

stramns were also tested for binding of aggregated P
microglobulin (14) In Iine with the marked trypsin
sensitivity of the receptor for this protein there was
a marked reduction of the uptake of B2 microglobu
lin with ncreasing amounts of enzyme (Fig 3B) It
1s therefore clear that the relatively mild enzymatic
treatment of the bacter:a used does not affect
fibrinogen binding structures known to restde n the
M protemn of group A streptococet From these
results 1t 1s also clear that the fibrinogen receptor 1s
diffetent from B> microblobulin binding structures
The effect of heat treatment on the streptococcal
fibrinogen receptor was also studied Suspensions
12x108 or per ml of three
streptococcal strains were treated for 30 minutes in
water baths at different temperatures There was no
effect of the heating procedure as tested up to 80°C
on the binding of 04 pg fibrinogen to 24 x 107
bacterra The same three strams (5 x 103 organisms
per ml} were also formaldehyde treated at room
temperature for 60 minutes and then tested for
fibrinogen uptake With mcreasing concentrations
of formaldehyde there was a slight reduction 1n the
binding capacity

DISCUSSION

Fibrinogen binding 1n group A streptococct was
onginally described by Tillett & Garner (30) In later
studies by Dutlie on the staphylococcal clumping
factor a similar binding was also seen in A Cand G
streptococer (2) Reports by Kantor & Cole (8) and
later by Kanror (9) have demonstrated that fibrino
gen binding 1n group A streptococc! 1s mediated by
M protein With their precipitation method only 69
of 131 strains were posttive Using a more sensitive
1sotape we have d ated fibrinogen
binding 1n atl 60 group A C and G streptococcal
strains tested Our 1solates were obtained from
routine specimens A shightly lower percentage was
obtamned when selected laboratory strains were
analysed (13) The present experiments indicate that
group C and G streptococet of human onigin carry a
fibrinogen receptor undistingwishable from  the
group A receptor as far as degree of binding
inhibition pattern lack of relation to other known
receptors trypsin resistance heat and formaldehyde
resistance 1s concerned Group A C and G
many ways similar and with
« W nd o they all seem to share
’ have shown that
t also fibrinogen

streptococcl are in
~

ano

samples from gorilla orang utan polar bear sun
bear siberian uger cheetah west coast harbour
seal and antelope but not from correspondmg
serum samples (G Kromall B F Anthomy U §
Seal & R C Willams Jr 1969 unpublished
observations)

In addition to fibnnogen binding 1n S aureus
stramns and 1n group A C and G streptococes as
known previously (2 8 9 30) we havealso detected
such binding activity among group B streptacocct
and 1n three species of streptococct from antmal
sources Three out of 20 group B streptococc: were
positive one of them with an uptake as high as 55
per cent Two of eight Str zooepidemicus strans
one of two Str egun and all ten bovine group G §
hemolytic streptococc: were positive The last
species resembles human A C and G streptococc m
having an IgG binding receptor i 13 out of 16
strains tested (23) This receptor 18 clearly different
from the type II and III receptors in group A and
group C and G strains respectively (23 24 25) The
relationships are emphasized however by the
presence of fibrinogen binding structures mn all of
them 1ndicating structural simularities between
surface protemns of these four species

Reactive surface structures in group A Cand G
streptococct for three types of human proteins were
compared 1n order to determune therr possible
wdentity or their simultaneous presence on the same
surface protemn molecules (12 14 30) Trypsm
digestion experiments differentiated between fibrt
nogen bmding and uptake of aggregated f
microglobulin the latier bemg extremely sensitnve
Earlier experiments have shown mhibition of B2
microglobulin binding by added fibrinogen (13}
Receptors for these two proteins therefore seem to
be located on different but adjacent parts of the same
bacterial surface protemns 1n streptococc: Compari
sons of fibrinogen binding and IgG uptake showed
another picture Inhibiton experiments using an
excess of human IgG were completely negative for
the streptococeal stramns tested Since difficulties
mght be expected mn such experiments due 1o a
rather low affimty of IgG for the corresponding
receptors additional tests were also performed
When binding of the two protens to ndividual
strams were compared an apparent lack of carrela
ton was readily demonstrated Therefore the
receptors for fibrinogen and for human IgG on
group A C and G streptococct seem 1o be
completely different from each others The rare
occurrence of haptoglobin bindmg precludes the

~



‘possible 1dentaty of this eceptor %ith aqy one of the
other three

Fibrinogen binding structures Lo group A strains.
ar¢ known to be dentical to M proten (9) Qur
sesults suggest that sumilar sutface proteins with
wentical fibrinogen binding structures are present
also wn group C and G streptococcal strains It has
been shown by others that M proteins of different
M types share antigemc determunants (32,39 M
antigens have also been detected m group G
streptococeal strams (21) 1t 15 therefore clear that
conventional criteria for M proten based on
antiphagocytosss  long chain reaction and the
defimuon of specific M antigens do not fulfill the
need for a more basic definition sustable for use 1n
chemscal and immunotogical studies of bactersal
surface protems (3 29 31) Fibninogen binding
might represent a useful and easily detectable
marker for M protemn like surface structures The
buological effects usually referred to as markers
might be due to mutational vanations 1n parts of a
more well-conserved structural backbone The
enstence of more stable paris of the various types of
M proteins 1 common with most A C and G
streptococct provides a basis for a better definuon
of these surface proteins which 15 required 1n more
general studies of the biochemucal composition of
cell wall associated structures

Several mammalian proteins are now known to

The asuistance of Mt Ake Christenssan for prepaning the
Iustrations 1s kindly acknowledged

Thus work was supported by the Swedish Medical
Research Council (project Mo 05210)
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PLEURAL EFFUSION DISEASE IN RABBITS
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Fennestad b L. Haahr § & Bruvn L Pleural effusion disease 1n rabbats Interferon Il; hod]ygnunds
and tissues after expennmental infection  Acta path microhiol scand Sect B 87 331-315 )9

terferon 1 body flusds and tissues was swdied n 18 pabbuts infected
::peenﬁ:::ﬁ‘ym\:umn[mtxagz of pleural il‘rusmn disease (PED) Circulaung interferon of the (Iz:m!
type was demonstrable 12 h after moculation and a manimum response was attaned 2-. dz{s ter
Circufaung interferon disappeared between 6 and 3 days afier inoculanon Interferon titres of scmn;
were closely correlated with the early phase of febrile response and probably alsa with the intial
growth phase of the PED agent The interferon titres of pleura) fluxd exceeded by far the ttres of other

body fluids and tissues No interferon could be demonstrated in bram liver and urine

hey words Tnterferon viral wfection pleural effusion disease rabbit
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conamunant of rabbit testicular suspensions of
Treponema pallidum 1n the Scandinavian countries
612

Fenrestad ef af (3) demonstrated that the PED
agent could readily be propagated 1n rabbits by senal
passages at ntervals of 2 to 30 days  They
considered the infection 10 be a new rabbut disease
and presented evidence Supporting the hypothesis
that the PED agent origmally was imported to
Denmark 1n 1951 from US A being carned n 5
rabbit as a passenger with the Nichols pathogenic
T pallidum Later on the PED agent was probably
brought to Sweden and Norway with the Nichols
Stran from Denmark Thus hypothests unplies that
the PED agent occurs also 10 other countres.

There s very nittle wformation regarding the
Rature and properties of the PED agen: tesellf

Gudjonsson e al (8) reported that the PED agent
will pass Millipore filters with 2 pore size of 0 0)
urm and that the re a1 taeane - .

34 tor 24 hand at minus 20 °C for at least five
Years without apparent decrease 1n infectsve tnse (4)

Gudjonsson et al (7 &) also reported on the
tsolation of an agent from hver and testes of ane
infected rabot This agent wduced a cytopathic
effect 1n pnmary rabbit kidney cell cultures and
could be arried through at feast five Ppassages The
wolate was proposed ether 1o be related to Herpes
Simplex cuntculs or 10 be some other natural virus
pathogen of rabbts Qur owa attempts to demon
strate the PED agent 1n two different Primary rabbit
cell cultates and mn 2 few permanent cell cultures
have fatled hitherto (1)

The presem exy

4 Periments were carried out 1n
o

T to study the production of tnterferon 1n
Tabbuts infected expenimentally with the PED agent
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PLEURAL EFFUSION DISEASE IN RABBITS
Iaterferon 1 Body Fluds and Tissues after Experimental Infeciion
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Copenhagen and Institute of Medical Mcrobiology®
Aarhus Upnerstet Aarhus Denmark

Feanestad K L. Hashr 5 & Bruun L. Pleural effusion discase 1n rabbits Imerferon 1 body fusds
and tssues afiet expenmental tafection ACA path muctobiol sand Sect B 7 31(-315 1979

The dstrhaton of wierferon 1w body flinds and tssues Was studied in 1B rabbis nfected
experymentally with the agent of pleural effusion disease (PED) Circulaung interferon of the classical
1yPe Was demonstrable 12 b afier jnoculanon and 3 MaumumM response Was atained 1-3 days later
Crecutaung interferon disappeared between 6 and 8 days after inoculanon Interferon tires of serum
were closely carrelated with the early phase of febrile response and probably also with the ipitial
gsovh phase of the PED agent. The ierferon wtres of pleural Musd exceeded by far (he tures of other

body fluds and tissues ho snterferon could be demonstrated in brain hver apd unine

Key words Interferon viral infecuon pleural effusion disease rabbit
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Fernestad ef al (3) demonstrated ghat the PED

38ea Could teadily b propagated o rabbi

ts by serial
Passages al mtervals of 3 45 30 daysy They
:on\;s.::m u; 1ABOn 40 be 2 new rabbat disease
esented evidence sy Ypothes
that the PFD acent lzpomng the b ¢
Denmart
tabbit 2s )

OOCUTS also 11 other countries
:rﬂy_ Alz_tzxc formation regarding the
{ %e PED agent stself

2re 15 v
natnre and

Gudyonsson ef af (B} seported that the PED agent
will pass Millipore filters with a pore suze of 001
pm and that the criucal temperature for survival 1s
between 56 and 65 °C fof one b Funihermore the
PED agent 1s ether-sensittve and will survive at
37°C for 24 h and at minus 20 °C for at least five
years without apparent decreass in infective titte (4}

Gudsonsson et al (1 8) also reporied on the
1solation of an agent from hver and 1estes of one
fected Tabbit. This agest induted 2 cytopatic
effect in primary rabbit ¥idney cell cultres and
could be carned through at least five passages The
1solate Was proposed exhes 1o be related to Herpes
simiptex cuscult or 10 be some other natyra) virus
pathogen of rabbits Qur own attempts to demon
swate the PED agent in two tiferemt prmary rabbyt
cell cultures and 1n 2 few permanent cell cultyres
have falled hitherta {1}

The present experiments were carfied out i
order to study the production of interferon "t
rabbits infected experimentally with the PED ageny



MATERIAL AND METHODS

PED agent The source and the passage of the Damsh
PED agent in rabbits have been described elsewhere (3)
The noculum for the present experiments was a pooled
serum orsginating from five rabbits given a subcutaneous
injection of approximately 104 rabbit infective doses 48
h previously The pooled serum was stored at munus
70 °Cuntil use The term rabbit infective dose refers to 2
dose capable of producing a typical chinical response
and/or preventing the appearance of 2 typical clinical
response on challenge 30 days after inoculation The
number of rabbt infective doses of the PED agent per m1
was determuined by making senial ten fold dilutions
using only one rabbit per dilution
Experimental infection of rabbits Eighteen male
albino rabbuts {Ssc CPH) werghing 20 t0 25 kg were
used n two expeniments They were provided with a
pelleted diet and water ad lbium Each antmal was
moculated subcutaneously on day zero with | ml of the
above mentioned serum pool diluted 110 i PBS (pH
7 0) corresponding to approximately 104 rabbut infecuve
doses
After inoculation the animals were observed for fever
and other clinical signs of disease and animals that died
were examined as described previously (3)
Samples to be examined for interferon were obtained
n two differently designed experiments In a preliminary
experiment (Exp 1) blood samples from six rabbits were
collected and serum obtained before mnoculation and at
intervals of 12 h after mocutation
In the succeeding experiment {(Exp 2) serum samples
from 12 rabbits were obtained before moculatton 36 h
after tnoculation on post inoculation (p 1) days 6 8 10
14 19 and 30 and at deathon p1 days 3to 9 At the
post morfem examination samples of bran antertor eye
chamber fluid thymus lungs pleural flurd liver spieen
kidneys urine and poplitean Jymph nodes were collected
From the two surviving ammals samples of serum
antertar eye chamber fluid and urnne were obtained at
sacrifice on p 1 day 30 All samples were stored at minus
70 °C until examned for interferon
Organ extracts A 0% suspension was made directiy
from frozen organs by grinding them with sand 1n PBS
(pH 7 2) After centrifugation at 6000 rev/mun for 30
mun the supernatant was withdrawn and used for
interferon assay
Preparation for nterferon assay The serum and other
body fluids organ extracts and (issue culture media
were dialysed against Sorensen s buffer pH 2 and after
48 h at 4°C dualysed back to pH 74 Some of the
samples were centrifuged at 110 000 g for 3hatdeC
Cell cufture The culture used was a continuous rabbit
Kkidney cell line (RKj1) ongmalty received from Dr
Annelise Godlfredsen Statens Seruminsutut Copenha
gen The cells were 8rown in one Iitre Roux ﬂasLsc:smg
Eagles MEM with 15 calf serum as growth mediur
wnd Fagle s MEM with 2% calf serum as mam\mﬁnfﬁ

; ]
Interferon assay A MICTOMEUIOE nas !
Microtest [T (Falcon) wells were seeded with Rhp3-cells

-y

30000 cells per well in & volume of 01 m! Afer
growth to confluence serial three fold dilutions of the
Serum organ suspensions or tissue culture media to be
tested were made directly in the wells Twenty four b
later the cells were challenged with vestcular stomat s
virus (5000 pfu 1n O 1 ml/well) and cytopathe effect
was read microscopically after sncubation for 24 h The
wunterferon titre represented the driution that reduced the
cytopathic effect by 50% All samples were tested 1n
duplicate rows An mterferon standard of known titre
was 1ncluded on each plate 1n order to correct for
Muctuations 0 the sensitvity of the system

Control interferon was induced 1 2-3 kg rabbuts by
double stranded polynucleotide Poly [Poly C (Mtes
Laboratories) The compound was dissolved in PBS (pH
7 3} at a concentration of 1000 U/ml Each rabbit was
given | ml intravenously Blood was taken from an ear
vein after 2 h The serum was dialysed agamst
Serensens buffer pH 2 and after 48 h at 4 °C st was
dialysed back to pH 7 4

Characterstics of siral inhibitor The viral ihbitor
found 1n the dilutions of body flnds and organ euracts
was stable at pH 2 for 48 h partly iactivated at 56 °C
for 30 min and inactvated by trypsin No changes in the
viral inhibitory effect was found after centnfugation at
110000 g for 3 h at 4°C This imdicates type |
mterferon or classical interferon (16)

RESULTS

Fever and other clmcal signs of PED were
demonstrable on p1 day 2 1n all but one {dymng on
p1 day 3) of the 18 rabbrts

In the first expersment all six rabbits diedon Pt
days 3 or 4 and in the second experiment 10 of the
12 rabbits died on pt days 3 to & Post mortem
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Fig [ Early mterferon utres of serum and body
temperatures 1 six rabbits (Exp 1)

Interferon o .
Body temperature 0--——o0




. otuston
Fig 2 Taterferon utres of serum from 12 rabbuis
followed wnul death or sacrifice (Exp 2)

examinations revealed gross changes typical of PED
mall the dead anmals The tmo sunviving rabbits
recovered from their clinscal disease 1 the third
week and were apparenty normal when sacnificed
on p1 day 30 Nevertheless, utravon of serum
samples from these two rabbits revealed a concen-
traon of approvimately 103 rabhit infective doses
of the PED agent per ml of serum
Interferon i body fluds Fig 1 illustrates the
interferon titres of serum and the body temperatu-
7es of six rabbuts from tme of noculation untl
death between 48 and 72 b pa1 It appears that
interferon was present already 12 h p1 and that
peak tares probably were artaned before death
three of the six animals The figure also shows that
Tising nterferon ttres comaided with the onset of
the febrile response
I;;lngbz, shows the interferon titres of serum from
— ts observed for a longer period Peak uitres
0 those i the first expenment Were

INIERFERON NITRES
aquEoUS NUNDR

sLEURAL FLUD

H L)

DAYS AFTER INOCULATION
Fig 3 Interferon utres of serum agueous humor
pleural flud and urine a2t death or sacnfice of 12 Tabbus
(Exp 2) Fach disconnected vertical line represents one
rabbit.

observed between p1 days 2 and 3 Interferon was
stll demonstrable on p1 day 6 1p three surviving
¢abbits, but not ©n p1 day 8 or later in the two
anumals which survived the mfection Unfortuna
tely serum from day 9 from one 2mmal {death on
day 9) was unsutable for detection of interferon
Fig 3 shows the relauonstup between interferon

TABLE | Distribution of Interferon i Tissues at Death of 10 Rabbuss (Exp 2)

Rabbrt Eumm;d at Tnterferon titres of tissues?
Pl
Bram fung Thymus Spleen Liver Kidney Popl lymph
? 60-74 <30 270 90 210 <30 <30 270
M <30 90 %0 <3 <30 < 30
X <30 270 210 810 <30 <30 90
8 <30 70 3 270 <3 <30 < 30
' <30 270 30 90 <30 <30 < 30
5 <30 70 810 <30 <30 90 90
N <30 30 3 <30 <3 <30
N 94=107 <30 <3 <30 - <30 <30 : gg
N N noexam <30 <30 <30 <30 <30
192195 <30 <3 <30 <30 <30 <30 "°<“;'l;‘
* Interf
|, 1oterferon content per gramrne of tissue calculated from utses of 10% suspensions

Tox
Tmlz :: :::::::: : ‘3)0 andbelow no virus nhibitng activsty i higher dilutions
0 no virs inhibiting actvity m highet difutions



tures of serum and other body flurds at tme of
death or sacrifice of the 12 rabbits As will be seen,
the ttre level 1n aqueous humor was similar or
slightly lower than the utre level n the correspon-
ding serum The highest titres of interferon were
observed mn the pleural flud, which contamned
terferon tn concentrations up to about 80 times
higher than the corresponding serum No interferon
could be detected 1n the urine samples examined 1n
diluttons 13 0r 1 9

Interferon in tissues Table | shows the results of
tirations of interferon 1n various tissues from 10
rabbits at the ttme of death, the sequence of the
ammals bemng the same as shown m Fig 3 In
ammals that died early 1n the nfection, interferon
was demonstrated regularly m the lung, thymus,
spleen and poplitean lymph node, but not in the
hver or brain s dilutton 1 30 In only one of these
ammals nterferon was also found n the kidneys
At p1 h 94 or later, wterferon was no longer
demonstrable 1n dilution { 30 1n any of the tissues
exammed

PED agent in muce and tissue culture In order to
evaluate 1if the PED agent could induce nterferon 1n
mice, each of 42 2);-month-old male mice
(Ssc AH) was 1njected 1ntravenously with approxi-
mately 103 rabbit-infective doses of the PED agent
No interferon could be demonstrated 1n serum
dilutton 19 from these mice, when they were
sacnificed n the period from 2 to 168 h after

a gradual mcrease i the nuraber of rabbit mfectne
doses from approximately 10°Sto )0 per ml serum
tn the period from 12 to 72 hpt (4) This suggests
a close relationshup between interferon producton
and the early growth phase of the PED agent
Evidently, the interferon production did not run
parallel with the virus utres at a later stage of
nfection, since nterferon in serum apparently
disappeared between p1 days 6 to § while thetwo
surviving rabbits still had a rabbit imfectnve titee of
approximately 103 per mlserumonp1 day 30

When production of interferon has been followed
In experimental virus infections, the content was
most often correlated with the intensity of mfection
of organs (9), although there seems to be a tendency
for organs with high content of lymphod cells (o
have a higher interferon production (9) From this
point of view, the main target organs for the pleurat
effuston disease agent would be the lungs and
pleura, and to a lesser extent the eyes (hymus
spleen, lymph nodes and perhaps the lymphoud cells
of the blood

In PED infecuon the most promment gross
leston 1s the accumulation of fluid 1n the pleural
cavities This fluid 1s rich 1n proten and almost cell
free, and 15 considered to be the result of an
increased permeability of the pulmonary or panetal
pleural capillaries, or both (2) The comparatively
high titres of interferon n pleural flmd might
therefore be taken as an index of the extent of
multipl of the PED agent 1n the lungs and/er

wyjection The RK)3 cells were d with
various dilutions of the PED agent and the medium
was harvested 6~96 h after moculation No virus
wntibiting activity was found 1n any of the tissue
culture media

DISCUSSION

The virus inhibuting activity found mn body fluds
and organs from the rabbits in the course of
experimental PED infection was characterized as
classical mterferon (16, 17) Such imterferon 18
generally considered to be the result of multiplica~

pleura Another explanation for the high tires
rmught be an escape of mterferon from the general
crculation to the pleural cavities, perhaps combsned
with a less rapid clearance of interferon from the
pleural fluid The latter explanation seems less
Itkely In the anteror eye chamber fluid the protetn
concentration 1s considerably ncreased thus ndi
cating a faulty blood-aqueous barrier (5) Never-
theless the interferon titres of he anterior eye
chamber fluid never exceeded the level found i
serum

The lack of demonstrable mterferon in the bramn
and liver may indicate a low or a completely lacking
of the PED agent in these organs.

tion of a virus This supports the pr that
PED infection has a viral aetology (t3) By
\noculation of tissue cultures with the PED agent no
virus inhibitory activity was induced, probably
because of the absence of muluplication of the agent
1n tissue culture The fack of induction of nterferon
1n muce after inoculation of the PED agent may
express a Jow interferon inducing capacity of (h?
agent, but may also ndicate an tnsufficient dose o
the PED agent (10} Previous experiments with
utration of rabbit serum from vanous smjs :;'
expenimental pleural effuston disease have indicat

314

although 1t cannot be excluded that nterferon
produced 1n the liver was decomposed by enzymes
prevalent m that organ (15} The finding of
interferon 1n the Kidney of only one of the rabbits
shows that s organ s seldom the site for
multphcation of the PED agent Interferon was
never d d in prme A dly, unne
from some of the rabbits was toxic i dilution I 3.
but 1t was always negative 1n a three fold higher
dilution It has been found previously that renal
excretion 1s not the mamn pathway by whih

g8 e
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nterferons are elmuwated from the body and only
of very high titres are found tn the serum will 1t be
possible 10 demonstrate wnterferons 1 the unne
ay

The qute close correlauon between the occur-
rence of wterferon n serum and the body
tempetatere dunng the wmuual stage of pleural
effusion disease has 1o the best of our knowledge
never been observed 1n naturally-occurnng of
expeticentally produced anumal imfecuons by repl
catng agents In man however some correlation
has been demonstrated (14)
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The present investigation has been made 1o Wlustrate whether the celt walls of ;mc(o—qrg,ams:: :;Z
affected by membrane stabilizers [ viiro expernments were carried out with au:tu;r un e
1nftuence of (CPZ) De and a and effect of %
on the THCTO-OTEARISMS Wete seen I has been shown that comcentravons of CPZ neA(rh e
bacteriostatic value 1n combination With bactenial haemolysins alters erythrocyte ‘membranes ;rse
and rabbit) 1n sach a way that they become resistant to haemolysis 1t has been shown tha1 CPZ
bacterioSaue concentrauon probably changes the transport of potassum through the bacteral

membrane in the same manner 2s described for mammalian muscle tissue
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The group of drugs called membrane stapihizers (11}
compnses different chemical compounds of which a

mammalan muscle tssue and erythrocytes has been
shown by many imvestgators {2 7 10 12) 10 be a
reduction of the permeability of cell membranes for
water molecules and tons {sodwm and potassium)
Glusese tramsportabon brough the membrane 18 also
altered (2 1)

5 noe membrane stabilizers and anum crobual agents
are ofien used simultancously o was consdersd of
mterest o study the effect of these compounds on
‘atierat cell walls Only resulis obtained with chlorpro-

mazine and a few selected strains of § aurens will be
reported here

Materuals and Methods

Bacierial strains Three strams of Staphylococeus
@ureus asolated from patents Rich bactersemua were
studicd The phage types were $2/80/81 (strain U) 8%u
(am V) 29 100X RTD (sram X me Blar &

Willizms method weee ysed (1} Swam V' produces
alpha haemofysin strain X delta haemolysin and stratn
U both haemolysms 18) For stram U only results
obtawned 1n growth intubition experiments are included

Membrane siabils er Discs (Schlexcher and Schull No

2668-mm} contaitang 300 p chlorpromazine (CPZ)
(D A K) were prepared

Growth inhubltan experiments

a) Sehd medum A CPZ disc was placed on
‘brothpeptone agar mediwm coptaing 5% borse blood
and was removed again afier mcubation for 20h at 4 °C
Using a bent glass rod the medium was inoculaied
evenly with O md of 2 bacteral suspension congimng
105 colony formung unuts (CFL) per ml and sncubated at
35 °C for 20h

b) Fluid medium An 184 broth culture was Silted to
a concentration of 101 CFU/m{ afiquots of 10 mi were
drsuibuted 1nto six tubes to each of which CPZ was
added to a final concentraton of @ 5¢ 75 160 150 200
v2/ml respectively The tubes were then incubated 1n a
watesbath 21 37 °C Determinations of CFU for each
sample were made after incubation for 0 2 4 and 24
The results are given as logio to the number of CFU/m1



Fig ] Schematical drawing of the various zones
1 Complete haemolysis and no bacterial growth
11 No visible growth
Il Non pigmented colones
IV Normally pigmented colonies
H+WI+1V The medium has become opaque and the
colour has changed to a darker red

Demonstration of the effect of CPZ on alpha and delta
haemoly sis

Broth peptone agar medium containing 5% rabbit
blood or 5% horse blood was used According to Elek
(6) the alpha haemolysin lyses rabbit erythrocytes but
not horse erythrocytes the zone of haemolyss 1s broad
and the delineation 15 diffuse Delta haemolysin forms a
narrow and well defined zone of haemolysis on both

controL
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Fig 2 Effect of CPZ on the growth of Staph fococcus
aureus stram (U)

°

types of medium The CPZ disc was placed asymmetn
cally between two streak inoculations of staphylococeal
cultures to be tested and the plates were sncubated for
24h at 35 °C (see Fig 3 and 4)

Results

Effect of CPZ on bacterial grow th and haemoh sis using
solid media The pattern characterisue for haemolysin
producing stramns 1s shown schemancally 1n Fig | A
zone {1} about {2 mm n diameter around the disc
showed complete hacmolysis and no bactersal growth
Zone | was surrounded by a zone without visible growth
(D a nag of non pigmented colontes ([11 and a zone of
normally pigmented colontes {IV) As regards zones Il
HI and IV the medium had become opaque and the
colour had changed to a darker red This phenomenon
did not occur on non inoculated media incubated with
the CPZ disc alone The remaintng area was covered by
normal pigmented growth which produced normal
haemolysis of the erythrocytes 1n the medium

Bactericidal effect of CPZ In order 10 obtan 2
quantitative measure of the bactericidal effect of CPZ
growth inhibition experiments were performed as descn
bed under Materials and Methods The results obtained
for strain U are shown in fig 2 At a concentration of 50
pg per ml CPZ was bacteriostauc and at higher
concentrations a bactericidal effect was demonstrated
Similar results were obtained with other strains of §
aqureus studied

The influence of CPZ on the presence of alpha and
delta haemolysis 15 ilustrated 1n Fig 3 and 4 The
haemolysis of rabbit erythrocytes caused by alpha and
delta haemolysin 1s shown ;m Fig 3 As the distance
between growth and disc diminished both zones became
narrow and finally disappeared although bactersal
growth could be seen Fig 4 illustrates that the same
phenomenon 1s seen on horse blood agar for the delta
haemolysis producing strain  whereas no hzemolysis 15
visible for the strain producing only alpha haemolysin

Duscussion

This 1s a prelimmnary report on the effect of CPZ on
the permeability of bactenal cell walls or membranes It
has been shown that CPZ in concentrations near the
bacteriostauc value 1n combenation with bacterzal haemo
tysins alters erythrocyte membranes (horse and rabtithin
such a way that they become resistant to haemolysis
Simultaneously the release of haemolysins from the
bactera and/or the production may be dimimshed [t has
also been shown that CPZ :n bacteriostauc concentration
probably changes the transport of potassium through the
bacterial membrane 1n the same manner as described for
mammahan muscle ussue (1o be published later) The

dal effects of the denvator CPZ
have been described previously (4 9)

De pigmentation of S aureus occurs regularly under
subopumal growth conditions (5}

A change 1n the permeability of the bactenal celf wall
or membranes would be expected to alter the susceptib
Ity to anti microbual agents so that either a synergistic
(13) or an antagonstic effect would ooccur The combined




Strains (V) and (X}

Strains (X) and (V)

Fig 3 The alpha hemolysin producing strain {4 ) and the delta hemolysin producing stramn (X) on 5% rabbi blood
agar under the influence of CPZ

Fig 4 The delta hemolysin producing strain (X) and the alpha hemolysin producing strain (v} on 5% horse blood

agar under the influence of CPZ

use of psycopharmaca and antibiotics 15 common
Therefore a farther of ts

Expenmental Therapeutics 65 353371 1939 - 5

15 called for

1 wish to thank Dr J Bang Dr [ Lind and Dr K

Rosendal for helpfat suggestions
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Fig 1 Schemaucal drawing of the various zones
1 Complete haemolysis and no bacterial growth
11 No visible growth
Il Non pigmented colones
1V Normally pigmented colontes
I1+111+1V The medium has become opaque and the
colour has changed (o a darker red

Demonstranon of the effect of CPZ on alpha and delta
haemoly sis

types of medium The CPZ disc was placed asymmetn
cally between two streak snoculations of staphylococcal
cultures 1o be tested and the plates were cubated for
24h at 35 °C (see Fig 3 and 4)

Results

Effect of CPZ on bactersal grow th and haemohsis us ng
solid media The pattern charactenstic for haemolysm
producing strains 1 shown schematically n Fig | A
zone (I) about 12 mm 1n diameter around the disc
showed complete haemolysis and no bactersal growth
Zone I was surrounded by a zone without visible growth
{ID) a ring of non pigmented colomes {111} and a zone of
normally pigmented colonies (IV) As regards zones n
HI and IV the medium had become opague and the
colour had changed 10 a darker red This phenomenon
did not occur on non moculated media incubted with
the CPZ disc alone The remaiming area was covered by
normal pigmented growth which produced normal
haemolysss of the erythrocytes in the medium

Bactenicidal effect of CPZ In order to obtan 2
quantitative measure of the bactensaidal effect of CPZ
growth infubttion experiments were performed as descrt
bed under Materials and Methods The results obtaned
for stramn U are shown in fig 2 Ata concentration of 50
pg per ml CPZ was bacternostatic and at higher
concentrations a bactericidal effect was demonstrated
Similar results were obtamed with other strains of §
aureus studied

The influence of CPZ on the presence of alpha and
delta haemolyss 1s Wlustrated 1w Fig 3 and 4 The

of rabbt ery ytes caused by alpha and

Broth peptone agar medium 5% rabbit
blood or 5% horse blood was used According to Efek
(6) the alpha hacmolysin lyses rabbit erythrocytes but
not horse ery the zone of 1s broad
and the delineation 1s diffuse Dela haemolystn forms a
narrow and well defined zone of haemolysis on both
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'Z on the growth of Staphlococcus

Fig 2 Effect of CP:
gureus stran (U}

delta haemolysin 1s shown n Fig 3 As the distance
between growth and disc dimimshed both zones became
rarrow and finally disappeared aithough bactersal
growth could be scen Fig 4 1llustrates that the same
phenomenaon Is seen on horse blood agar for the dela
haemolysis producing stramn  whereas no haemolysis 15
visible for the strain producing only alpha haemolysin

Discussion

This 1s a prelmunary report on the effect of CPZ on
the permeabtiity of bactersal cell walls or membrancs It
has been shown that CPZ in concentrations near the
bacteriostatic value in combination with bacterial hacmo
Iysins alters erythrocyte membranes (horse and rabbihin
such a way that they become resistant to haemolysis
Simultaneously the release of haemolysms from the
bactera and/or the production may be diminished lthas
also been shown that CPZ in bacteriostauc concentrauon
probably changes the transport of potassium through the
bacterial membrane in the same manner as described for
mammalian muscle ussue (to be published later) The

dal effects of the h denvator CPZ
have been described previously (4 9)

De pigmentation of S aurcus 0ccurs regularly under
subopumal growth conditrons (5}

A change 1 the permeability of the bacterial cell wall
or membranes would be expected 10 alter the susceptii
Iity to anu microbual agents so that esther a synergistc
(13)or an antagomsuc effect would occur The combined
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SURFACE PROPERTIES OF STAPHYLOCOCCUS
SAPROPHYTICUS AND STAPHYLOCOCCUS EPIDERMIDIS
AS STUDIED BY ADHERENCE TESTS AND
TWO-POLYMER, AQUEOUS PHASE SYSTEMS
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Colicen S Hovelus B Wiestander A & Mirdh P A Surface properues of Siaphylococcus
saprophyt cus and Staphviococeus epidermidis as studied by adherence tests and (wo-polymer 2queous
phase systems Acta path mscrobiol scand Sect B 87 321-328 1979

S saprophyicus 15 au established pathogen 1n man devorded of charactensucs associated with
pathogentaity 1n Staphylococeus aureus The ability of this species to attach 10 cells from regions viz
the urinary tract where st acts as an invador and to cells from areas where it 1s known as a
commensal was compared 10 1ts behaviour 1 this Tespect with another staphylococeal species vz S
epidermidis S saprophyt cus showed a preferenual adherence lo human exfolated urogenual cells
when compared with Iis abiiity to anach 10 skin and buccal cells from man and also when compared
with porc ne cells from these regions The profound ability to adhere to human exfohiated urogenttal
epuhelual cells by far exceeded that of S epidermudis while no such speces dulference was found when
testung porcine celis ($ saprophy cus 15 uaknown as a vrogemtal tract pathogen 15 pigs} W hen studied
1 a two polymer aqueous phase system S soprophificus and S epudermid s Were found to have a
negauve surface charge at pH 7 2 but the former carried a considerably higher surface charge density

Both staphylococcal species exhibited a poor hydrophobic interaction habsfity These physico chemical
surface charactenistucs are bnefly discussed with regard 1o the differentsal bacteria-cell interacuions of
these speces

hey words Staphyic hy

" he

i} surfaces properues bacieria-cell interaction
S Cofleen Department of Urology Unversity of Lund S 221 85 Lund Sweden
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Staphylococcus  saprophyticus 1s a coagulase
Regatve  novobiocin sesistant  staphylococcus
Which 15 2 common cause of acute often hemor
thagic cysutss particularly 1 young women (15)
Tnfection with this organism fmay also engage the
upper unnary tract (9 14)

In 20 earlier study (18) we found § saprophyn
cus 10 adhere In greater number per urothelal cells
than bacteria of several other species known to
::e urogenutal tract infections except for gono-

S saprophyticus lacks characteristics considered
s possible pathogenicity factors m Staphy lococeus

aureus (21} In contrast to other staphylococeal

species moststrawns of S saprophy ncus cause direct
of sheep ery Y

Parition m a two-polymer agueous  phase

system have proved to be useful for the separation

of cells and subcellar particles and also to characte

avsuule wmparison between different cells or
::;a)mcla with regard to the surface Pproperty studied
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SURFACE PROPERTIES OF STAPHYLOCOCCUS
SAPROPHYTICUS AND STAPHYLOCOCCUS EPIDERMIDIS
AS STUDIED BY ADHERENCE TESTS AND
TWO-POLYMER, AQUEOUS PHASE SYSTEMS
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Colleen S Hovelws B Wieslander A & Mirdn P A Surface propestiss of Staphy!xcoccus
saprophys cus and Staphiococcus epidermid s 25 studsed by adhesence tests and two polymer 2queous
phase systems Acta path mucrob ol scand Sect B 87 321-328 1979

S saprophytcus 15 an established pathogen 1n man devoided of charactesisues associated with
pathogemacny 1n Staphylococcus aureus The abihty of s species 10 atach 1o cells from fegions vz
the urmary tract where 1t acts as an invador and (o cells from areas where it 1s known as a
commensal Was compared to 1s behaviour 1n this respect with another staphylococcal species viz S
epdermds S saprophyircus showed a preferenual adherence to human exfoliated urogemtal cells
when compared with 1ts ability to attach to skin and buccal cells from man and also when compared
with porcne cells from these regions The profound ability to adhere to human exfoliated urogenital
epithelial cells by far exceeded that of S epidermidis while no such species difference was found when
'esung porcine cells (S saprophyticus 1s unknown as a wrogennal tract pathogen in pigs) VWhen stdied
0 2 ™o polymer aqueous phase system S saprophyncus and S epidermudis were found to have a
negaune surface charge at pH 72 but the former carnied a constderably higher surface charge densiy
Both suaphylococcal species exh buted a poor hyd ttability These phy hemical

surface characterisucs are briefly discussed with regard to the differenual bactenia-cell interactions of
these species

Key words Stapy " "

herucal surfaces properes bactena-cell imeracuon
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Staphylocoreu:
Regative

Sk saproplticus 15 a coagulase  aureus (21) In contrast to other staphylococcal
b species most strams of S saprophy licus cause direct
®

of sheep er
arttion 1 a  twy
s s otganss Partitio 0-polymer

m
UPPEr urinary tract (9 14) may also engage the

aqueous phase

0 an earher study (18) w,
efound S saprophn
$:n lohadhere 1 greater number per uro(h’c,hall, o‘e’l;s
oan ::C;;m :]r several other specieg known to
et

Suse tract infections exeept for gono
asS saz;;op}unms lacks characterisyes considered

Possible pathogenicrty factors 1 Staphy lococcus

system have proved to be useful for the separation
of cells and subcellar particles and also to characte
rize the cell surface with regard to charge charge
density and hydrophobic properties (1 2 28) The
use of this system 1n a counter-current distribution
further increases the resoluton and allows an
absolute comparson between different cells or

particles with regasd to the surface property studied
w
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In the present study, mechanisms which may
explam the tropism and pathogenicity of S sapro-
phyticus for the urinary tract i man are discussed
The abihity of this bacterium to attach to human and
porcine epithelial cells of different origin tncluding
exfoliated urothelmal cells was studied 10 i vitro
experiments Urine sediments of women with acute
urinary tract infection (UTI) caused by § Saprophy
ticus were studied to elucidate cell attachment of the
bacterum m the naturally diseased host Cell
surface characteristics of § saprophy ticus were
studied by partitton n two polymer, aqueous phase
systems utihzing counter-current distribution The

(2 1) of the bacteria and cell suspension was meubated at
37°C for 30 mmutes The adherence tests were
otherwise performed as described 1n detarl elsewhere
(18) The number of bactera that had adherad per cell
was determined by counting the orgamisms under a hght
microscope ( x 720) after stainng with methylene blue

Hemagglutination Tests

Direct hemagglutinauon of the two strans of §
saprophy sicus used 1n the partition tests were perfarmed
as described elsewhere (8) using 10 per cent suspension
of washed bacteria 1n phosphate buffered saline (PBS}
pH 72 In the ageluunanon tests a one per cent
of sheep erythrocytes was employed

possible sigmificance of these ct I1SHCS 10 the
pathogenscity of S saprophyticus for the urinary
tract ts discussed For compartson sumilar expert
ments were performed with Staphy lococcus epider-
nudis

MATERIAL AND METHODS

Adherence Tests

Bacteria One freshly isolated stram each of §
saprophy tscus and S epidermidis recovered from human
voided urine specimens were tested The bacteria used
were harvested from blood agar plates consisung of
Blood agar base No 2 (Oxoud) contaumng 4 per cent
defibrinated horse blood and idenufied as to species
according to Aloos & Schlefer (13)

Cells Exfohated cells from the urogenital tract were
recovered from freshly voided urine specimens of two
males and five females without history or signs of
urogenital disease The mean age of the persons studied
was 31 years (range 22—40 years) Buccal cells and cells
from the periurethral area were obtained from the
females by gentle scraping of the mucosal hining with ap
Ayres spattla From all persons studied cells were also
collected with a scalpel by scraping the skin between the

Iders The cells were 1n Minimal essential
medum (MEM) (Flow Laboratories Ltd) pH 7 2

Buccal and skin cells from a boar and sow were also
tested The cells were collected as described above
immediately after the ammals had been killed 1n a
slaughtery house Urothelial cells from the ammals were
recovered from urine collected by bladder puncture

Test procedure The cell suspensions were passed
through a membrane f{ilter with a pore size of 14 ym
{Mubpore 1td} a pore suze which allows bacteria
debnis and crystallized material to pass but will retain
epithelsal cells Immediately after the specimens had been
filtered another synage contamning fresh MEM was
fitted to the filter holder and the cells were washed This
procedure was repeated twice The cell suspenston was

diluted 1n MEM 1o 105 celt/ml The bactena were

A a2 4 RrERS

determuned 11 @ Burker EOURLIE s Ve

FPartinon Tests

Bacteria Two sirams of S saprophs uicus and three
strains of § epidernudis were studied

Treatment of bacterra The organisms were ncubated
1n 50 ml of Trypticase soy broth {Ovoid) for 4 / hoursat
37 °C The cultures were then centrifuged at 32 000 x 2
for 10 minutes at 5 °C and the peflets suspended i 10 m!
saline The optical density of the suspensions were
measured at 540 nm (0D 540} The suspensions were then
washed twice m 10 ml 032 M sucrose Fnally the
pellets were suspended n 3 75 ml of a mixure (8 7) of
predetermined parts of top and bottom phases for
counter current distribuuon (CCD) experiments [see
below) The last three procedures were 2ll performed at
4°C
Phase systems The phase system was composed of S
per cent {(w/w) dextran T 500 mol wt 500 000 (Phar
macia Uppsala Sweden Lot No 4049) 4 per cent (w/

w) polyethylene glycol (PEG) Carbowax mol ¢
an P~ 1 L et Nax Vark) § mmol

charge dependent 50 mmol kg Na2duj wev -

To obtain a non charged (hydrophobic) phase system
100 mmol kg ! NaCl 1nstead of sulphate Was used After
mixing the components the phases were allowed 10
equilibrate over might at 4 °C The top and the bottom
phases were then separated and stored at 4 °C upti] use

Counter current distribution experiments The bacte
rial preparations were suspended in 3 75 ml of 2 ©0p and
bottom phase (8 7) mixture (load mixture}

An automatic thin layer counter current distributiot
apparatus with 120 cavities (numbered 0-119) was used
(1) Cavitses O-1 and 4041 recerved | 48 ml each of one
of the foad mixtures as did when needed cavities 368}
All the other cavities received 0 69 mt bottom phase and
0 79 ml top phase Thirty-eight transfers were completed
at 4 °C using a setthng tme of § munutes and a smaking
ume of 20 seconds

After the counter-current run | 0 ml distilled water
was added o each caviy to convert the phase systems 10

(one phase) before transfer
red to test tubes The ODsswn of the one phase
suspensions was then determined
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Stud es of Ur ne Sed menis of Pateents wsth UTI Causcd
saprophyticus

K sza :nie specimens from two women with signs
of acute cystourethnus and which contained > 105
bacteria | mi V of 5 saprophis ovs was cennifuged at
3000 rev/mn for 10 munutes The depasits were
washed 1n PRS and fived for 24 hours n a solution of
25 per cen (v/w) glvtaraldehyde m O | M PBS with an
ssmolarity of 499 mOsmol Further preparations of the
e sediments for scannng efectron microscopy (SEM)
were made as earher described (17) The preparauons
were transferfed to Nucleopore® filters (Mucleopore
Corporation US) The unne seduments stained accord
10 10 Sternhesmer & Malbun (25) were also Studied as
wwet smearsa under a hght microssope (x 720}

Sta stcal Meihods

The staustcal methods used were t test analysis of
vanance including Duncan s muluple range st (6} and
Bartholomew s test for ordered alernauves (3) Due 10
anexireme skewness in the distribution of the sumber of
adhered bacrerna per cell in each experiment all
alculauons were based on logarithmuc transformed
values 1o give log normal distributions (4)

RESULTS
Adherence Test

Human epithelial cefls The adherence of §
saprophynicus and S epidermudss 1o urothelial cells
(recovered from voided urine specimens) and to
penurethral shin and buccal cells of the tho males
and the five females studied are given 1n Table 1 §
saprophy nicus adhered by sigmificantly (p < 0 05)
Bigher mumbers 10 the perrethral and exfohated
urothelial cells than to the skin and buccal cells

y S dis adhered by
{p < 005) lugher numbers to the perurethral cells
than 10 the other types of cells tested S saprophyti
cus adhered by sigmficantly p < 0 081) hugher
\umbers to both penurethral and exfoliated urothe
2leells than did S epidermudis Mo daffe was

e st pese

r 3000 O 0 e MDA AL
5

Fig I Counter-current distbution of one hemagght
unaung (O-——0O) and one non hemaggluunaung
(@ ——®) stran of § saprophyucus in 3 charged
tho-polymer aqueous phase system

Porcine epithelial cells The results of the
adherence test of § saprophticus and § epederrmy
dis to the different types of epithehal cells collected
from 2 boar and a sow are given in Table 2 There
was no i m the of §
saprophy ticus to any of the cells tested S saprophy
teusand S eprdemudis did not show any significant
difference 1 their capacity to adhere to the
exfoliated cells from the urinary tract of the boar
and the sow On the other hand S epidermidis
adhered by sigmficantly (p < 0 01) lower numbers
to the skin cells of both pigs than dd S
saprophy icus  while no such difference was found
when tesung exfoliated cells from the uninary tract

Hemaggtuination Tests
One of the two Strawns of S saprophy hicus caused

hemagglutination but none of the three strains of §
epidermdis

Partition Tests
Both the hemagglutinating and the non hemagg
luunating stran of S saprophyticus extubited a

Ound betw een the two species as 1o their adherence
© skin cells O the other hand §

fe for the top phase in the charged system
1e both stramns were negatively charged and had

uhered vy sgmficartly {(p < 0 001) tugher
numbers to the buccal cells than did § saprophy 1t
cus

No sipmificant difference was found in the
Sumber of adhered bacteria when using exfohated
Urothelya) cells from the males and females nesther
When tesung § saprophynicus nor S eprdermidis
However § saproph) ticus adhered by sigmificanity
Wigher numbers 1o gkin {p < 6 Q01) and buccal »
< 0001) cells from the females than from the
males. Such 2 sex duference Was also found when

testag he adherence of § epidermudis
sty % g ooy 'midis to buccal

y the same charge-density (Fig 1)
Thetr partiwon ratios {G) bemg 2 45 and 3 22
respecuvely calculated by the following formuta
G = Way/ N-Wax (W s represents the number
of the tube with the highest concentration of
bacteria and N the number of transfers) In the non
charged phase system (in which the PEG rich top
phase attracts particles with a hydrophobisc surface
character) both straing were only to a msnor degree
antrached by the top phase Therr paruuon ratios
were 012 and 023 respectively {(Fig 2)

For compartson three strams of S epidermudis
Were tested 1n the same phase systems  All three
strains were attracted by the top phase 1n the
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charged phase-system but to a lesser extent then the
stramns of S saprophyticus The partition ratto for
the S epidermudss strains were 09, 0 15 and 0 19,
respectively (Fig 3) When studied 1n the non-
charged phase system all the latter three strains
were as poorly attracted by a top-phase as S
saprophyticus Their partition ratios 1n this system
were 023, 016 and 016, respectively (Fig 4)
Thus the surface of the three examned strams of §
epidermudis was negatively charged, but had a lower
charge density at pH 7 2 than the two tested strains
of S saprophyncus All five staphylococeal stramns
had 2 poor liability for hydrophobic nteraction

Studies of Urine Sediments

Light mucroscoptc examination of the urine
sediments of patents with UTI caused by §
saprophyticus revealed urothelial cells and casts to
which numerous single coccl or clusters of cocct had
adhered The adhering and cluster-forming ten
dency of S sapropiyucus was also visuahized in
SEM preparations (Fig 5)

if
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Fig 4 Counter-current distribution of the same three
stramns of S eptdermidis as depicted 1 Fig 3 1na non
charged {hydrophobic) two-polymer, aqueous phase
system

DISCUSSION

The ability of bacteria to adhere to the mucosal
Ining of the urnary tract seems to be one
prerequistte for the development of UTI (26) In
vitro experiments, the capacity of different bactenal
species to adhere to a given type of epithehal cells
may vary This 1s also true for a given bactenal
species, when testing cells of different orign (18}
The differential capacity to adhere to a given type of
epithehal cell may be one explanation of the orgen
tropism exhibited by certain bactersa

Fig 5 Scanming electron micrograph of an exfoliated
eptthelial cell collected on & Nucleopore

/M _

Fig 3 Counter-current distribution of three different
strains of § epidermidis 1 2 charged two polymer,

aqueous phase system

1%A

filter, obtaned from urine of a women with 2 UT!
caused by § saprophyticus The epithehal cell surface 15
almost covered with cocer, adhering to the cetl and to one
another (x 2,180)



Tn contrast to other establishment unnary tract
pathogens of man S saprophyncus 1s known to
cause chinscal nfection only i the urnary tract

ln the i vitro tests S saprophy ncus adhered by
significantly hugher number to buman urothelial
nd periurethral cells than to skin and buccal cells
We also found S saprophy ficus to have a signufi
cantly higher capacity to adhere to exfoliated cells
(com the wrogenttal tract than S epideraudis UTL
with § saprophyticus often seems to occur 1n that
grovp of approumately 10-15 per cent of all
women 1n whom recurrent UTE can be demonsira
ted(9) while S epidermudisis but rarely acauseof
UTln ths group of women The latter organismas
known to occur 1n the indigenous flora af each site
from which we collected ¢ells for our adherence
expenments

Coagulase negative novobiocin resistant staphy
lococtr £ S saprophyhicus are often found in the
skin flora of laboratory and domestic arumals
mcluding prgs (16) where they seem to predominate
among the coagulase negative staphylococet How
ever on the human skin  novoblocin-sensitive
strams eg S epidermmdis predomunate among the
©oagulase negative staphylococar Coagulase nega
tive novobiocwn resistant  staphylococet are  not
known a5 uninary tract pathogens n the pig while
0 man such staphylococer viz S saprophyticus are
estblished pathogens 2t this sue (9 15)

In e i virro adherence tests using porcne
epithelial cells S saprophy ficus adhered by sigmufi
Gntly bigher nymbers to skin cells than did §
 dermidis while there was o between

thetr physico-chermical surface properuies (29) The
colonuzaton of porcine intestinal epithehum by

hua cols 15 d in
strains carrying K 88 anugen (11 [2) Such strains
also cause mannose resistant hemagglutination of
guinea pig erythrocytes (12) A prerequisite for
porcine enteropathogemic £ ot to attach to
intestinal epithelial seems to be the presence of
pilus Iike adhesins being or being closely related to
the K 88 anugen (7 10)

The presence of K 88 antigen will provide the cell
with a hability for hydrophobic mteraction {22) In
addion to hydrophobic nteraction lablity a
negative surface charge seems to [favour the

of certan o 1ntestinal
epithehal cells 1n the mouse (19 23 24)

In only a few bacterial species vz Salmonella
pphumurium both charge and hydrophobic/hy
drophihic mteraction hability has been studied 1n
relation 1o the interacuon of the bacterium with
urotheltal cells (27) This study indicates that
negatve surface charge combined with 2 hydrophi
b surface favour the adherence of bactenia to such
cells

The present study suggested S saprophyticus to
have surface properties rendering 1t more hable to
mteract with urothehal cells than S epidermid s
despite S saprophyncus having a tugher surface
charge-denstty

However surface properties such as charge
charge-density and hydrophobic/hydrophilic inter
acuon hability do not fully explain all bactena-celt

these bacterial species when testing cells from the
Urogenutal tract Thas was 1n contrast to when using
corresponding cells from humans The results of
Our i b11ro adherence tests thus suggest ofte possible
techanism by which the tropism of S saprophyt
Cusfor e vnnary \ract 1n man can be explamed Its
marked capacity to adhere to urogemtal epithelial
cells may also express a pathogeneaity factor of the
WIgnssm at thes partcular site
ad}l|n accordance with the results of the 1a vitro
Srence tests urine sediments of patients with

caused by § phyticus showed

as for example these
properties differed only to a very limited extent
between the stram of S saprophyiicus with
hemagglutinating capability and the strain that
lacked the capacity of such cell interaction Though
entizised (5) 1t has been clamed that the secand
stage of hemagglutinatton is facilstated by a reduced
negative surface charge (20) Our study does not
present convicing evidence for such an assumpuan,
as surface charge density only to 2 minor degree
differed between the hemagglutmatng and the non
hemagglutinating stran of § saprophy tcus

p

Gty adhered to epithelial cells Such cells covered
ui'mmm were found both m voided urine and m
- ‘¢ Specimens obtaned by suprapubic bladder
“plnuon The bght ICToscopic appearance of
s;mc Sediments of patients with UTT caused by §
“::pfuhms were highly charactenisuc In our
lhsem:: the finding of a unmary sediment with
o nzy r:;l:snsucs 15 with a high degree of

15t
Saprophy tieus ot Wi 2 UTL cused by 5

The mteraction betneen cells 15 depending on
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Fifty fve different antigens were demonstrated In an anugen preparation obtatned by sonication ofa
proten A free strain of Staphfococcus aureus using €Tossed tmmunoelecifophoresis and antuserum
obtained from rabbits The anugens were characterzed by absorption expesiments with formalin killed
bactenal cells temperature resistance and protein and polysacchande staming One of the antigens
showed reacuon of 1dentity with a preparauon of texchoic acid from S gureus Using Lhis reference
System cross reactions between the § awreus reference stram and S aureus strans from the four
Phage groups as well as |5 other bacterial spectes were studied by vanous quanuuative smmunoelect
Tophoreuc methods The S aureus anugens from the four phage groups showed atmost 100% cross
teacnay for all anugens while anugens from nine other bacterial species cross reacted to varying
degrees with one to four S oureus antigens Al of 12§ aureus anugens cross reacted with the four §
epdermd s biotypes

Key words Staphile

aureus crossed

CTOSS reacuvity anugen
P O Schioz Pacdiatsic Dpt TG Rugshosputalet Tagensvey 18 Dh 2200 N Copenhagen Denmark

Retved 22179 Accepied 28 v 79

The anugentc structure of Staphylococcus aureus
2asbeen ny esugated by several methods (1 3 5 6
718 24 25) However analysis of the antigenic
omponents of S qureus carred out by quantitauve

the § gureus antigens with other bactena

techmuques and to examine the cross reactivity of

\mmunoelectrophoretic methods has not been re
ported previously These methods have been em
Ployed to mvestgate the antigenic composition of
2 taber of Gram negative bactera (Pseudomonas
:t;'"g nosa Bordetella pertussis Neisserta memngt
i :masnd Haemoplulus nfluen-ae) (10 14 16 26)
piy ®ay several antigens have been found which
T2 wih other Gram negauve bacternal
SPCIeS However  cross reactions with Gram
P&»‘!l‘:\e bacterta were sometmes seen.
e :;uaxm of the present study was to investigate
- gens of a common Gram positive bacteria
reus by quanutayve immunoelectrophoretic

MATERIALS AND METHODS

Preparation of a Folyvalens Reference S aureus antigen
Ug)

S aureus (E 1369 coagulase osuve nhaoe e

wE w o L 23 h
(1) The bacteria were scraped off the plates washed
three tmes and disintegrated by sonicaton for 3% § mun
a1 20000 Hz/s using Rapidis 300 19 mm probe with
95 mm up cooled with 1ced water as described
previously (14) The disintegrates were centrifuged at
48000 X gfor 1 hat4°Candthe supernztant stored \n

EET)
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the mmunization and bleeding schedule of Harboe &
Ing14(9) Each anmal recerved 100 pl 5 awreus Ag per
mpecuon 1gG and IgA were punfied and concentrated
(3). lmmusoglobulins from bleeding 4-15 were pooled
suxe they showed simular antibody patterns The final
preparation contained 29 0 g protein/1 as determined
by refractometry

Control experiments runming somicated culture med
wmagainst S gureus Ab n crossed

Crossed mmuno-affinoelectrophoresis was carried
out as described above but with 150 pg concanavahin A
(con A) sepharose/em? or 150 pg free con Afcm? in the
intermeduate gel The con A scpharose and con A were
purchased from Pharmacia Fine Chemicals Uppsala
Sweden

Antigens from each of the bacteria were compared
with the § aureus Ag by means of quantitative

resis with intermediate gel showed that none of the
aatbodies preqpitated with culture medum compo-
neats

Preporation of Antigens from Other Strains of Staphslo
et and Other Bacrerial Species

The ongin of most of the bacteria shown 1n Table |
has boen described previousty (14}

The S aureus swrains and the S ep dermidis strains
were 1solated from blood cultures The following S
ureus strans were 1solated S awreus phage type
SUSIAIR0/81 S aureus phage type 3A S aureus
Phage type 6/47/53/75/93 5 aureus phage type 42D
ad S aureus non typeable All these strains were
poen A posive The antgens were obtamed by
sonication as described previously (14) The colloid
onorntrauons of these antigens were 3 2-18 9 g/
(refractometry using human IgG as standard)

Immunoelectrophoret ¢ Methods

‘mmunoelectrophoretic anatysis of § aureus Ag was
performed by crossed immunoelectrophoresis according
10 Ferke (28) a5 described previously (14 15) Opumal
:j:l“uf? “as obtamed if 5 pl S aureus Ag was

44 Lue Iprogey
ey fy k) 10 periodie acd SRt (oly

—_—
f fu i :h-c Comparson of Staph lococcus aureus cell
g nea0d with S aureus antigens (S aureus Ag)
& 015 aureus anuserum (S aureus Ab)
ossed Immunoetectrophoresis of § H teichoic acid

BUSLS Gureus A Saline
ter
precn — 1 the intermediate gel One

B Crosseq e
ganst §

© V3 and can be seen as a

sk small arc on the
(\:nh s ::1 Ihréc above the reference pattern Compare
A"l'l;n:;;nf;nw mmunoelectrophoresis of § aureus
sgumy § WO 403 teichoic acid 1n the nght well
Reacton of s AY Saline n the miermedunte gel
aurces o ::t}:xuly between the texchoic acd and §
« 0 1815 seen (arrom) Compare with |
Tea

- 1::;:::1 g n::“ dimension electrophoresss anode to
w0y 1mension electrophoresis anode at the

This was also done with the
preparation of teichoic acid Each anugen preparauon
was run 1) in crossed immunoelectrophorenis (12)
according to Weeke (28) aganst S aureus Ab 2) 1
tandem crossed immunoelectrophoresis (14} according 10
Krelt (19) with S aureus Ag against S aureus Ab 3)in
crossed hine electrophoresis {13 14) according to Krell

A




Fig 1A
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small aliquots at ~30 °C untl use as antigen preparation
for ymmumzation of rabbits or electrophoresis expert

10

Fig 1 4 & B A Drawing of the Staphy lococcus aureus
antigen/antibody reference pattern with enumeration of
the precipitates seen on the corresponding immunoplate
(B) An arbitrary scale of migration velocity relatve ©
human serum albumin (1 0) 1s indicated below

that all the antigens migrated towards the anode

Aliquots of S aureus Ag were autoclaved at 120 oC
for 30 mun and then run in crossed immunoclectrophore
sis with intermediate gel against S aureus standard
antibody Absorption experiments were carried out with
formahn killed S aureus cells (1 % formahin 37°C 11
as described previously {13)

Preparation of Teichoic Acid

The bacter1a were cultured and disrupted (somcaton §
min x 2) as described The 10 000 x g sediment of
disrupted cells was used to prepare teichoic acid
10 Morse (23) The colloid concentration of the

ments The collod as by
refractometry using human IgG as standard was 58
g/1 A protem A free S aureus was used because S
gureus contamng protein A are known to induce
antibodies agamst hidden determinants of autofogous
IgG (2D

rabllinl(mfmoelectmphm'ws according to Grabar & Wil

ams (8) as described previously (17) of 10 1 § aqureus
Ag agamnst 200 S aureus standard antibody showed

aan

final preparation of teichoic acid in 1sotomc phosphate
buffer (pH = 7 0)was 2 | g/ | (refractometry using IgG

as standard)

Preparanion of a Polyralent Rabbut Reference S aureus

Antiserum (Ab)
Six rabbits were immunized intradermally with S

aureus Ag in Freunds incomplete adjuvant following



Fig 34 & B Comparison of antigens from Staphylococ

s epidermudss biotype IV with Staphy lococcus aureus

anugens (S aurens Ag) usimg rabbu anu S aureus

anuserum (S qureus Ab)
Crossed

of § d di
28Ugens sganst § qureus Ab Saline 1n the mntermediate
21 Thineen disunct precipitates are visible

Crossed lne immunoctectrophoresis of § aureus Ag
3220st S aureus Ab with § epidermudis antigens in the
\blermediate gel (absorption of antibodses sn stiu) Six of

© Precumates of the reference pattern have been
ompletely absorped (Nos 20 24 36 41 46 and pyi)
4 51t of the preciputates of the reference patiern have
mereased wmarea thos 3 13 16 18 29 and 47
\icated by arrows) Control reference pattern of §
Gureus Ag against S aureus Ab1s seen in Fig 4A Thus
oneof the S epidermdis precipuates (A) did not eross
TN S aureus Techmcal dara as Fig 2

2node and the migrauon velocity of the various
antigens 15 ndicated 1 retation to human sernm
Wbumin (Fig 1B) S5 Precipitates could be detected
I the reference astigen/antibody pattern 49 were
Tegularly visible while the Temaning precipitates
tould only be detacted when the Ag/AD ratio was
changed

All prammunization sera
Contaned antibodies
Do 46

from the six rabbits
corfesponding to precipirate

The autoclaving of the § aureus Ag at 120°C
for 30 munutes caused disappearence of all the
precipitates except Nos 29, 46 and 52 The
absorption expeniments with whole formaline-killed

T8 a3 1 thans el o 14 shenrh

. N B f

- BN . . .
aureus Agl S aureus Ab reference pattern were
staned by the perodic and Schaff  reactson
(polysacchandes)

Antigen No 18 was identical with the terchoe
acid (see Fig 2 A-C), and in the crossed immuno-
affinoelectrophorests with con A and con-A Sepha
rose antigen No 18 was the only anugen that
showed affiity for con-A, while con A Sepharose
did not react with any of the S aureus antigens

Cross-reactions between the five different §
aureus stramns and the S aurcus reference Ag
showed 100% cross-reacuvity for all antigens with
all strains except for antigen No 52 which cross-
reacted only 25-50% with the S aureus of phage
group 1

Table | shows the results of the comparnson of
antigens from 15 different bactersal species with the
S aureus Ag/S aureus Ab reference system All of
12 anugens were found to cross-react with §
epidermudys biotypes I-1V (see Table 1 and Fig 3JA~
B) One or more of antigens Nos 13, 24 36, 41 and
52 were cross reactive with mine different bactersal
spectes both Gram positive and Gram negative

an example 1s given in Fig 4 A-D for details see
Table |

DISCUSSION

Our results show that 55 antigens can be demon.
strated 1n a protem A-free S aureus sonucate
employing sera from immunwzed rabbyes The
findings are 1n accordance with the antigenic
heterogeneity demonstrated for other bactena (P
aeruginosa B pertussis N menngindis and K
nfluenzae) when stmilar methods are used 10,14
26)

The investigations of the § aureus Ag show that
antigen No 1815 identical with teschosc acd This 13
demonstrated by the' reaction of identity found by
electrophoresis, but 1s also supported by the fact that
apbgen No 18 1s among the antigens that stay
postively for potysaccharides (antigens Nos 18,29,
46 52) Furthermore, this 15 1in accordance with our‘
finding of antigen No 18 as one of the two surface
antigens (Nos 18 and 24) Binding of antigen No
18 10 the fectin con A shows that 3t contamns « D.
glucopyranoside substituents, and that 1t has more
than one tinding site 1o, <00 A since there was fio

Interaction between antgen No 18 and con A



TABLE | Cross-reactions between Staph:
ylococcus aureus and Other Bacterial Species The Mumbe)
- rs Sigmify th
Cross-reactne Antigens wn the Reference System The Number of Strains Tested and the Group Type or él;{‘am:
Numbers are Gren \n Brackets

SPECIES Cross reactive antigens and percentage of cross reactrvity

100%  100% >— 275% 75% >~ 250% $0% >-225%
Stapin lococcus epiderndis
biotype 1, (1} 2[-24-36 16-18-29 3-13
41-46 47-52
Staphylococcus epidermdis
biotype I1, (1) 21-24-35 3-18-29 13-16-47
41-46-52
Staphy lococcus eprdermudis
biotype IIL, (1) 24-36 3-13-16-18 47
41-46 21-29-52
Staphylococeus eprdermidis
biotype IV, {1} 21-24~36 3-13-18-29 16-47
41-46-52
Streptococeus faecalis (1) 41 24-52
Streptococcus pyogenes
group A (1) 52 24 13
Baaillus cereus var m coides
(ATCC 11778)(1) 52 3-47 24
Bacitlus subtilis (1) 36-41 24
Listeria monocyrogenes (1)
Cory nebacterium species (1)
Clostridm welchn (1)
Neisseria memingitidis
1, group A)
Escherichua coli (1,021 H27) 24
Kiebstella prenmona {1 type 35) 24
FProteus nurabilis (1) 52 2441
FPseudanionas aerugmosa
24

(4 Ogroups 3,5,6 11)
Bordetella pertussis

4 st 3803, 3825 3843, 3860)
Haemophilus influenzac

(capsulate typeb brotype I}

(20) with the antigen 1 queston mcloded in an
intermediate gel between first and second dimension
electrophores)s of S aurens Ag aganst S aurcus Ab
(absorption of antibodies 1 stfu}

The analytical electrophores:s series were repeated at
least twice using different antigen/antibody ratios {14)
The percentage of antbocies absorped i1 sity 10 the

electrophoresss of the antgens was run with 2 plor 1 pt
and approprate combnatons of these volumes in the
same well (addition) or n the wells of the tandem
crossed The gel of
4.1 P 4 20 pl of

40 p1 of the antigen 1n question or saline as control an’d
the reference gel contaned § aureus Ab 20 plfem®
mpared by these methods were alwa)s

crossed line was by
companson with sets of four standard plates contatmng
25%, 50% 75% and 100% respecuvely of the
oniginal concentration of S qureus Ab  as described
previously (14) The mcrease m enclosed area by a given
precipate after absorption n situ can be expressed as
100%, 100% >- Z75% 75% >~ Z50% 50% >-—
225% absorption of antibodies against the antigen m
question Absorption of less than 2§5% was considered
wmsignificant, beaning 1 mind the analyucal varauon of
the present method (13 14} The first dimension

run simultaneously Al the anugens of § aurcus Ag
were stable at the miung temperature of the agarose
{40°C)

RESULTS

a reference plate with
P and a corr dra-
wing The precipitates are numbered from the

Fig tA and B show




culd pot confirm the presence of any cross
reactivity between § aureus and H - nfluenzae
acugens an our mvesugavion (23 Table 1) The
reason for thus discrepancy betw een our results and
the results of Argaman et af (1)15 not clear though
different techmucal approaches might be mvolved
On the basis of the present results the role of eross
Teacting antibodies 1 protection agatust S aureus
wfections seems to demand further studses on
patents and even more So 1 the faboratory since
the importance of humoral versus cellular mmu
ay m protection against S aureus nfections has
oot been defintely detesmined (4)

This work was supported by the Damsh Med caf
Research Counc | (Project Nos 512-5267 6623 and
$115) The Manonat Associaron for the Fight agamst
Tuberculosts the Bergsoe Foundation 2nd the Nationa!
Dansh Associanon against Cystic Fibrosis We thank
Anni Bethien and Etinor Ward Petersen for skuful
techmey] assistance

Dr Rirsten Rosendal Statens Seruminstitut has
Lindly provided the strains of Staphylococcus and has
cumed oot e biotyping and phage typmg of the strains
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Fig ¢ A~D Comparnison of antigens from Bacillus cereus var my cordes with Staphy lococcus aureus antigens (S
aureus Ag) using rabbit anti S aureus antiserum (S awrcus Ab)

A Crossed immunoelectrophorests of § aureus Ag against § aureus Ab Saline in the intermedsate gel Prectpuates
Nos 3 24 47 and 52 are among the preciputates indicated by arrows

B Crossed immunoelectrophoress of B cereus antigens against S aurcus Ab Salne 1n the mtermediate gel Seven
distinct precipitates are visible

C Crossed ine immunocelectrophoresis of S aureus Ag agamnst S aureus Ab with B cereus antigens in the
mtermediate gel (absorption of antibodies i site) One of the precipitates of the reference pattern has been completely
absorbed (52) and three of the preciptates of the reference pattern have increased n area (Nos 3 24 and 47 indicated
by arrows) Compare with 4 A

D Tandem crossed immunoelectrophoresis of S aureus Ag 1n the left well and 8 cereus antigen in the right well
against § awureus Ab Saline in the intermediate gel Reaction of rdenuity between one of the B cereus antigens and §
aurens antigen No 24 (arrow) can be seen Compare with 4 A Thus three of the B cereus precipitates (B) did not

cross react with S aureus Techn cal data as Fig 2

Sepharose (2 23) This 1s in agreement with the
structure of wall teichoic acid 1n § aureus which
contamns polymers of either glycerol or nbitol
phosphates substituted with various residues (3)
One of these residues ts N acetyl D glucosamme
which 1s an a D glucopyranoside

Extenstve cross reactivity was found between the
different S aureus stramns which corresponds to
previous results with different bacteria where
strains of the same spectes were found to cross react
extenswvely (10 14 16 23) Correspondingly we
have also found considerable (though less) cross
reactivity between different species of the same

334

genus ~ 1n this case the four biotypes of S
epidermudis = compared with our S aureus Ag/ S
aureus Ab reference system Onply few antigens
cross react with more remotely related species both
Gram positive and Gram negative bacteria

Cross reacting antibodies between Gram positive
bacteria  as well as between Gram positise
(including S gureus) and Gram negative bacteria
have been demonstrated previously (1 29} It was
suggested that this was due to the polynibiuol
phosphate of terchoic acids which should share
antigenic determinants with the capsular polysacc
hanide of H influen-ae type b (1) However we
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CROSS-REACTIONS BETWEEN
HAEMOPHILUS INFLUENZAE
AND NINETEEN OTHER BACTERIAL SPECIES

P O SCHIOTZ N HOIBY and ] B HERTZ

The Paediatrtc Clhinsc TG and the Unverssty Clinge for Infecuous Diseases Rigshosptalet Copenhagen

and Statens S D

of Clintcay M

at Hvidovre Hospital and Rigshospita

tet Copenhagen Denmark

Shitz ¥ O Hoiby N & Hertz J B Cross reactions between Haemophlus nfluen-ae and mnetsen
othet bactertal species Acta path mucrobiol scand Sect. B 87 337-384 1979

Forty-one different anugens were demonstrated 1 2n antigen preparauon obtamed by somcation of a

Hoermophilus influen qe (1

mnfluenzac) type b Strain using crossed 1mmunoelectrophorests and
Zatstrunt obtaned from rabbus Aptgens were ch:

beat hilled bacteria temy
Yetwaen & influen ae

with whole

perature resistance and proten and polysaccharide stamng  Cross feactions
Wpe b and 19 other bactenal species were studied by various quantative

mmnoelectrophosetic methods using the reference system A non-capsulated H influen ge crovs

Teased extensively (41 anugens) wit
s showed

th H influen~ae type b and Haemophidus parainfluensae  apd
<ross reactvity with # fluenae type b (26 ang 32

&
2algens respecuvely) while anugens from eight other bactertal species cross reacted to varying degrees

Wboone to five H influen-ae antigens
Key words
Se

Po
Deamark

Receiveq 223 79
Many studies b
ntigene com,
and the ol
anligens (
influen-

Accepted 28 v 79

ave been concerned with the
position of Haemophifus nfluen ae
ogical sigmuficance of s cafferent
2 45 5 30 3) Anawss of B
¢ antigens carried qut by guanutatve

H influenzae upe b (6) In the present
o refore also nvestigated other antipens
) H nfuen-ge by means of quantitative immunoe
CUOPhoretic methods and examined the cross
TRy of the H influenzae anugens with ather
I0g the methods employed
the antigemic structure and
:ﬁ 2Nty of Pseudomongs aeruginose Ners-
meningitdis Bordeyefly pertusses and Staphy-
locogcus aureus (13 19 233 i

Haemophitus influen ae antigens Crossed immunoelectrophoresss cross reacuvity
9tz Paediatnic Department TG Rigshospuafet. Tagensvey 18 DK

= 3200 Copenhagen N

MATERIALS AND METHODS
Preparation of a Poyvaleny Reference H
antigen (3 1nf Ag)

A capsulate ' influenzae
cvlture agilection of our fal
1o Kilian (25)) 1solateq fron

wfluenzze
1ype b (designated N 1p the
boratory (biotype L acarding
™ the spinal fluid of a pat an

N

P "W LD oled With iced water

. T " 4 ASantigen preparation for
VIMUMZAON of Fabbuts and e
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as 1) o8 10 20
Drawing of the Haemoph lus mfluen ae anugen/ Haemophtlus influen ge antibody reference paftern with
5 on of the precip tates An arb trary scale of migration velocity refative 1o human serum albumn (1 0)1s
d below The corresponding immunoplate 1s seen m Fig 2A

az

rated from the anode and the mmgration
Y of the various antigens is indicated
B to huma serum albumun (Fig | and 2A)
immunzation sera from the six rabbits
ned antibodies corresponding to precipitates
' % 23and 29
ugens Nos 4 9 and 23 were the only ones
nf Ag/H inf Ab reference system which
stazned by both the persodic acid Schuff reac
polysaccharides) and by Coomassie Brihant
{proteins) which also stuned the remammg
1ales  Autoclaving of the H inf Ag at
Cfor 30 minutes destroyed the antigemcity of
® anligens except Nos 9 21 and 23 However
morphology of these precipitates changed
odly and part of precipitate No 9 disappeared
2bsorption experiments with heat killed whole
il cells showed that these cells could absorb
antibodies agawnst antigens Nos 9 and 21
¢ commercial H influen. ae capsular polysace
le vaccine showed only one preciprtate with
mercial H influen.ae capsular antibody Reac
of 100% identity was found between this
'P1ate and a precipitate between H inf Ag and
mercial B influen ae capsular antbody This
puate was however not present in the H inf
'H 1 Ab reference pattern

The results of companson of antigens from 19
different bacterial species with the H inf Ag/H
1nf Ab reference system are grivenn Table 1 Fig 2
A D shows a comparison of Escherichia colt and
nfluen ae antigens One antigen (No 4) was found
1 nne different bactenal species all of which were
Gram negative Furthermore antigens Nos 7 8
10 16 21 22 24 and 25 were shown to be cross
reactive mostly with Gram negatve bacteria (for
details see Table |} Cross reactions between anu
gens of P aeruginosa B pertussisand N menungu
dis have been described previousty (13 19 23) and
the numbers of corresponding antigens withwn the
different reference patterns have been outlined

Antigen pumbers.

H influen ae 4 16
P aerugmosa 10 2
B pertuss s i %
N menngids 19 b



The colloid measured by y
using human IgG as standard, was 49 g/1

Immunoelectrophorests, according to Grabar & Willi-
ams (9) as described previously (24), of 10 1l H mf-Ag
agamst 200 pl X influenzae standard antibody (H inf -
Ab) showed that most of the antigens migrated towards
the anode However, at least four antigens migrated
towards the catode and therefore escaped detectton 1n the
present study, where the conventional crossed :mmunoe-
lectrophoresis used detected only anodically mgrating
antigens

P y (19, 20) Optimal resolution was obtaned if 2
nl H inf-Ag was employed in the first dimension
electrophoresis and 20 W H 1nf -Ab/em? 1a the second
dimension gel The precipiates were staned with
Coomassie Brilliant Blue (proteins) and periodic acd
Schiff (polysaccharides) (33)

Antigens from each of the bacteria and the commer
cal H nfluenzae vaccne preparation of capsular
polysaccharide were compared with the H inf -Ag by
means of a series of quantitative immunoelectrophoreses
Each antigen preparation was run (a) /n crossed

St to Weeke (34}

Alquots of H nf -Ag were also d at 120 °C
for 30 min and then run in crossed mmunoelectrophore-
sts with intermediate gel against H inf -Ab

Absorpion experiments were carried out with whole,
(};a)tkllled H 1nfluenzae bacleria, as described previously

Preparaton of a Polyvalent Rabbut Reference H inf -Ab
Six rabbits were immunized intradermally with H

P
against H 1nf -Ab, (b) in tandem-crossed immunoelec
trophoresis (19) according to Krolf (27) with H mf Ag
{or added to the same first drmension well as H inf -Ag}
against H 1nf -Ab. (c) in crossed-line immunoelectropho
resis according to Kroll (26), as described previously
(19), wath the antigen n question included m an
mtermeduate gel between first and second dimenston
electrophoresis of H inf-Ag against H inf-Ab

of antibodies t stqu) The analytical senes of

1nf -Ag 1n Freunds incomplete adjuvant (1 1) fc g
the immunization and bleeding schedule of Harboe &
Ingud (11) Each animal recerved 100 pl H 1nf -Ag per
injection IgG and IgA were purified and concentrated
(11} Immunoglobulins fromi bleedings 1-3 were pooled,
since electrophoretic analysis revealed similar antibody
patterns This preparation contamned 32 0 g protemn/] as
determined by refractometry and was used 1n the present
work Control electrophoresis experiments running
sonicated culture medium aganst H inf -Ab showed that
none of the anttbodies preciptated with culture medium
components

Preparauon of Anugens from 19 other Bacteral Species

The origin of most of the bactenal strains examined
{recorded m Table 1) and the preparation of antigens by
sonication have been described previously (19} Haemo-

electrophoreses Were repeated at least twice using
different antigen/antibody ratios (19) The percentage of
antibodies absorbed sn sty 1 the crossed Iine tmmunoe
h was by with sets of
four standard plates containing 25%, 50%, 75% and
100%, respectively, of the ongmnal concentration of H
inf -Ab, as described previously (19) The increase 1
enclosed area by a given precipitate after absorption i
sttu can be expressed as 100%, 100% >- 2 75%
75% > - Z 50%, 50% > - Z 25% absorption of
antibodies agatnst the antigen in question absorption of
less than 25% was considered snsignificant beanng In
mind the analytical variation 1n the present method (19
22) The first dimension electrophoresis of the antigens
was run with 2 pl or 1 ul and appropriate combnations

of these volumes 11 the same welf or m the wells of the
d ed The mtermed:

philus p (biotype 1II) be m the
culture collection of our laboratory) and Haemophilus
haemolysicus {destgnated NH 1n the culture collection of
our laboratory) were isolated from climical specimens
from the upper respiratory tract receved from the
Department of Dragnostic Bacteriology Statens Serum
institut The collord concentrations of these antigens were
32-189 g/l (refractometry using human IgG as
standard)

H 1nfluenzae Capsular Polysaccharide

A commercial vaccine preparation of capsular poly-
sacchande of H wfluenzae type b 20 pg/mi) (from
Merck, Sharp & Dohme Rahway, New Jersey, USA)
and a commercial antiserum raised agamnst H influenzae
type b (Statens Seruminstitut Copenhagen, Denmark)
were employed 1n the experiments designed to dentify a
preciptate 1n the H inf-Ag/H inf -Ab pattern represen
ting the capsular polysaccharide

[mmunoelectrophoretic methods
Immunoelectrophoreuc analysis of H 1l -Agsv.;ass
on
erformed by crossed 1mmunoelectrophorests
(p:m glass plates according to Weeke (34) as described

11R

ate gel of crossed hine immunoelectrophoresis contatned
20 pl or 40 p! of the antigen in question or saline a8
control and the reference gel contained H inf -Ag 20 51/
2
cm

The H mf-Ag was also compared with the

vaccine prep of capsu
lar polysacchande using the three electrophoretic
techmiques described but with commerctal # snfluenzae
capsular polysacchande antiserum (20 pl/cm?) in the
second dimension gel
Immunoplates compared by these methods were
atways run simultaneously Al the antgens of H 1l
Ag were stable at the mixing temperature of the agaros
(40°C)

RESULTS

Forty-one were ble 1n
the H inf-Ag/H inf -Ab reference pattern, 39 of
which were regularly visible The remamnng preci-
pitates could be detected only when the H nf -Ag/
H 1nf -Ab rauo was changed The precipitates are
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TABLE 1 Cross reactions beeen Haemophilus nfive: hor ""}'s‘?"'f.'.f;if?f fzrfd e ¢ G::; rguw or Coltecton
System The Aumber of Siral

s v Amgens i the Refrence st he humber of St

I cross reacuvity
Cross reactive antigens and percentage ol
SPECIES 100% 100%> - 275% 75%> ~ Z50% S0%> - 225%

Staphy lococeus aureus (1 E1369
without proten A)
Suphylococcus aureus (4 from
ach of the 4 phage groups
with protein A)
Staphslococcus epidermudis (1)
Group G streptococeus 2
Streptococcus faecalis (1)
Streptococcus preumonia (1 type
pi33]

Baalles cereus ar  mycoudes
ATCC 11778)
Baallus subnl s (1)
Conebacteraum specyes (1)
Listeria monocy togenes (1)
Clostridum wetcha (1) u
n;xfna memngindis (1 group 10-16
2 8-10
2

Eschenichua colt (1 024 H27) 2
Kiebsella pnewmomia (1 type 35) 16-21
Proteus muratuhs (1) 425
idomonas maltophitia (1)

Peudomonas aerugingsa (4 ©

groups 3 5 6 11) 7
Borderella pertussis (4 51 3303

3825 3343 3360)
Haemuphitus influen ge (1 non

Gpsulate brotype 1)
Hoemophtus Pparainfluen-ae (1

biotype 111y
Hoemophutus haemolyncus (1)

Raas

~

4-10-16
4-16
39 anugens were 100% cross reactive 3)

26 antigens were 100% cross reactive
32 antigens were 100% cross reactivet)

2 Antgens Nos 9 and 23 were 25-50% cross reacuve

15 anugens were ot oross reactive (2 14 15 19 20 23 24 25 252 26 27 30 30 33 and one unidentfiable)
99 atugens were not cross reacuve (3 8 12 1720 23 25 30 33

DISCUSSION

heat stability of antigen No 23 combined with its
The present study shows that 41 anodic mMigrating

polysacchanide content indicate that this antigen
ntigens and at least four c2todic migraung antigens  may be related to bacterial Lipopolysacchande
@0 be demonstrated 1§ nfluenzae somcates The experimente u th oo
Beloyng sera from immunged rabbis This ¢
antigenic by

. N

L we 1ype b eanerlae net -

Pertussis N menngdis and S qureys) when  anubody pr

simiar methods are wsed (12 14 16} H inf-Aby
The heat stabunty experiments and absorption  fact that i

“Xpenments with heat kalted Whole bactenal cells  nenr smem

ihlow that of the thermostable antgens Nos 9 and

Tthe cell The )

4 capsular polysacchande 15 2

TOTN
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Frg 2 Comparison of antigens from Escherichia colt with Haemophiius mfluenzae antigens (H mf -Ag) using 2
pooled rabhic antt & nfluenzae antiserum (H mmf Ab)

A Crossed immunaelectrophoresss of H inf -Ag against H inf -Ab Sale in the mtermediate ge) Pretipstates Nos
4 8 10 21 and 22 are indicated by arrows

B Crossed immunoelectrophoresis of £ colt antigens agamst H mf Ab Sahne in the intermediate gel Nine distnct
and two to three faint precipitates are visible

€ Tandem crossed immunoelectrophoresis of H inf Ag (left well)and £ cofr antigens {right well) agamnst H nf Ab
Safine i the intermediate gel Reaction of 1dentity between one of the £ coli antigens (the anodic) and H iaffueniae
antegen No 4 larrow] 15 seen Compare with A and B

D Crassed-line immunoelectraphoresis of H inf -Ag aganst H 1nf <Ab with £ cols antigens 1n the interrediate 2l
fabsorption of antibodses in situ) One of the precipitates of the reference pattern has been completely apsorved No
11} and four of the precipuates of the reference pattern have ncreased 1n area (Nos 4 8 1D ana 22, mtcated by

atraws) Thus only five of the 11~12 precipitates visible 1n B are cross-reacnve
Technical data First dintenstan electrophoresis anode o the night Second dimension electrophoresis anvds ay the

top

could all be 1dentified (Table 1) Extensive cross-
reactions were demonstrated between the capsulate
type b H nfl and a lated H

Companson with H paraufluenzae showed that
26 antigens crose-reacted with H influenzae 14 of

the remamng anhzens could be identified with
certanty (sce Figs 3A and B, Table 1) H
haemolyneus cross-reacted with 32 H wfluenzae
antigens, and the remaming 9} influenzae antigens

influenzae All the antigens showed 100% cross
reaction, except anthigens Nos 9 and 23, which
cross reacted to a munor degree (25 %) (Table 1)
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Fig 3 Companson of antigens from Haemophilus

p with H. antigens (H
nf Ag) using rabbit anti &/ influenzae antiserum (H
if Ab)

A Crossed D of H p flnen-a
antigens agamst H 1nf Ab Saline in the intermediate
gel 23 distinct precipitates are visible

B Crossed line immunoelectrophoresis of H nf Ag
agamnst H inf Abwith H parainfluenzae antigens 1n the
1ntermediate gef (absorption of anubodies 1 stru) 15 of
the precipitates of the reference patiern have not been
absorbed and 14 of these could be idenufied The
remainder of the precipnates of the reference pattern

cross-reactions between strains of the same species
less extensive cross-reactions between different
species of the same genus and few cross reactions
between different genera (Table 1) Also 1n accor
dance with previous results we found that some
cross-reactive antigens — notably Nos 4 and 16 -
were present tn many Gram negative bactena (13
19, 23)

Anti-capsular antibodies have been shown to be
associated with immunity to infections with type b
H influenzae in humans also (7, 8) Such antibodies
may be mduced by related polysaccharides from
other encapsulated bacteria (31) However, recent
studies have shown that also antibodies directed
agamst non capsular 5 influenzae antigens have a
part to play in protective immunity in H influenzae
type b rafections, at least m ammal experintents (¢
28, 29) The importance of the antigens of H
nfluenzae which cross react with many other
Gram-negattve bacterta with regard to protective
immunity 1n humans 1s, however not yet known [t
has been shown that antibodies aganst / nfluen-
zge antigen No 4 are present in most human sera
and m y globulin preparations (12, 15, 20), and the
present study shows that they are also present in
rabbrt sera before immunization with H nf -Ag
Further studies are needed to ascertam whether
these antibodies may participate m mmmunity to
capsulate as well as non-capsulate H mnfluenzae
nfections

This work was supported by the Damsh Medical
Research Council (Project No §12-5267 6623 and
8115) the Nanonal Association for the Fight agamnst
Tuberculosts the Paul Bergsoe Foundation Lancl the

for providing Haemophilus influenzae type b capsular
polysaccharide vaccine
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PRECIPITATING ANTIBODIES AGAINST
HAEMOPHILUS INFLUENZAE AND
STAPHYLOCOCCUS AUREUS IN SPUTUM AND SERUM
FROM PATIENTS WITH CYSTIC FIBROSIS
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at Hvidovre Hospital Copenhagen Denmark

influen-ae and Staphy i

aureus 1n sputum and serum from patients with cystic fibrosss Acta path microbiol scand Sect B

87 345-351 1979

Serum and sputum sol phase from 23 patients with eysuc fibrosis (CF) were examuned for occurrence
A

and tures of precipitins against

influen-ae and Si

aureus by means of crossed

immunoelectrophoresis with intermediate gel The patents had from four to mine # nfluen-ae
Precpiuns m serum and 10 most cases fewer precipiuns 1n sputum but, on an average there was no
diference between the utres of the antbodies m serum and sputum Most of the antibodies Were cross
reacive with other spectes notably those of the Haemophilus genus S aureus precipiuns were
enerally found 1 higher numbers m serum than 1 sputum but on an average the utre of the
Prapiuns n spumm was higher than m serum Three of the precipitins were detectable only in
SPUNM and not m serum and one of these 1s a S aureus specific precwpiun Most of the anubodies
dere cross reacuve with other species and these antibodies were often Ppresent 1n sputum 1z much
bigher ttres than in the corresponding sera Antibodies agamst texchoic acid of the § aureus cell wall
©ould ot be demonstrated 1n sputum while they were present in 22 sera The possible role of the local

Pulmonary humoral immune respo
m CF 15 discussed

0S¢ 1n protecuve immunity and in the pathology of the lung disease

Key words Cysuc fibrosss anubodies S aureus # influenzae local immumty sputum

;!0 Schiotz Paediatnc Department TG Rigshospitalet Tagensvey 18 DK 2200 N Copenhagen
neoark.
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Patents wan cystic fibross (CF) suffer from
;hromc and recurrent bacterial lung infections (5 8
) The three most. umportant pathogens 1n CF are
Fseudomonas aeruginosa  Staphylococcus aureus
:ld Haemophilus influenzae (5) and the Ppatients are

Y a and

from the lungs although the humoral immune
Tesponse possibly keeps the infection localized to the
respiratory tract {6)

The local pulmonary humoral immune response
agamnst P aeruginosa has been examuned previously,
and it was found that sputum from chxomall);
mnfected patients generally contained antibodjes
agawnst P aeruginosa with the same specificities as
the antibodies demonstrated n serum but usually
with lower titres (10) However, some of these

were directed 2gamnst P geruginosa
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Fig 1 Crossed ym
12 861 of 2 1) Hay
AR in the well ag;

2 10 the second
Techtacal dara

munoelectrophoresis with intermed:
emophilus nfluenzae anugen (H 1nf
anst rabbut antibodies agamst H inf
dimension reference gel (20 plfcm?)
! dimension electrophoresss anode to
therght 2 dimension electrophoresis anode at the top
Samng Coomassie Brllant Biue

A Control plate with saline 10 the intermediate gel Five
Precipuates are ndicated by arrows

B The intermat o

Paue ..

and g . . v -
ko '

C The intermedsate ¢l Contamns sputum so1 phase from
e same pavent as 1 Fig 1R

Four precipitates could be reveated 3 this sputom and

are indicated with arrows and numbers Precipstates nos
3 and 4 are seen 1o have mward feet (owest utre)
Compare with IA and B

Fig 1 A, B & C shows an example of
for of H
influenzae precipiuns, and in Fig 2 A, B & C the
same s demonstrated with regard to S aureus
preaipins  Free antigens from M influenzae or §
aureus were not demonstrated either 1n serum
sputum sol phase or in saliva
None of the six saliva specimens from the
pauents contaned any precipins agamst } nflu-
enzge or S aureus

H influenzae Precipitins

Precipiuns against 16 different N influenzae
antigens were demonstrated in serim and 9 of these
were also present mn sputum (Table 2) The

n sputum

specificities which could also be tdentified 1n serum,
but 1n addition precipiuins of other specificities were
present in serum from 20 patents There was one
exception to this precipitin no 21 was found 1n 14
of the sputa and only 1n two of the corresponding
sera

There was posiive correlation between the
number of precipitins m serum and sputum (R =
054, p < 002) but there was no sigmificant
difference between the mean titre of the precipiting
1n sputum and serum (Table 3) The serum titres
were generally higher than or equal to, those found
n sputum . except for precipiun no 2t which was
present 1n the highest titre (7) i all the 14 sputa in
which 1t was demonstrated

Four H tnfluenzae anugens (nos 4, 7, 10 and 16)
have been shown to cross react with P aeruginosa
antigens {12} Precipitm no 4 was found 1n serum

Fom

1o occurrence or utre of this precipiin either 1n
serum or 1 sputum None of the 23 patients had
antibodies agamnst antigen nos 7 or 16 mn serum,
and only one patient had antibodies against antigen
no 10:n serum There was no correlation between
the number of H influenzae precipiuns n serum

and the number of P aeruginosa precipiins
serum

S aureus Precipitins

Precipiuns against 13 ifferent S ayreys antigens
were demonstrated i serum Seven of these were
also present n sputum, which furthermore contar-
ned three different Precipitins that were specific



antigens (notably P aeruginosa antigen no 10)
which cross react with many other Gram negative
bacteria

These findings caused us 10 mvestigate the loca)
humoral immune response m the respiratory tract
of CF patients against the other common pathogens
S aureus and H influenzae 10 see whether the local
pulmonary humoral 1mmune response follows the
same pattern as described for P aeruginosa and to
nvestigate the occurrence of cross reacting ant
bodies

PATIENTS AND METHODS

FPanents

Twenty three CF patients were included 1 the study
(16 males and 7 females mean age 14 years range 10~
26 years) ANl patients had a typical hstory of CF and
markedly elevated sweat electrolytes in repeated tests (3)
These pauems are observed I the CF Clinc of
R)lgshospl!zlel Copenhagen as described previously (4
B)

Fourteen of the patients had chronic pulmonary
fections with mucoid strains of P aeruginosa (CF +F)
and multiple precipitins against this bactersum in serum
at the ime of nvespgaton (5 6) The mean number of P
aeruginosa precipitins was 21 range 4—45 Nine patients
had no P aerugingsa lung infection (CF-P) and 0-1 £
deruginosa Precipiuns 1n serum

With regard to pulmonary infections with H
mfluenzae and § awrews all 23 CF pauents had

d several pul Y with these

bacterta prevtously

Sputum

A 3 h sample of sputum was collected at 4 °C from
each patient beiween % am and 11 am  as descrbed
previousty (10} Each sample was subjected to bacteriolo
gical examination and the ongin of the specimens from
the lower respiratory tract was confirmed by study of the
epithetial cells present (5) Sol phase of sputum (1) was
obtaned by ultracentrifugapon a5 120000 x g
(maximum value) at 4 °C for 4 h and the samples were
stored 1n small aliquots at ~80 °C (10) One sample per
patient was mnvestgated

Sahyva
One hour unstimulated mixed saliva samples (1-3

eaul) were obtained from six of the p2uents included i the
study The salwa samples were centrifuged and stored as

described for sputum

Serunt
Serum was obtained from each patient on the day

when sputum was collected and was stored a1 =30 °C
with NaNj added (1%}

Crossed Immunoelectrophoresis
The occvrrence specificities as
antibodies aganst H influen.ae and § aureu

ad titres of precipitating
s Were

investigated by means of crossed 1mmunoelectrophoresis |
with intermediate gel by microtechmque uwsing a ¢
polyvalent H influen-ge reference antigen/anubody and
a polyvalent S aurews veference anugenfantibody as
described previously {12 13)

The concentration of serum sputom sol phase or
saliva 1n the intermedtate gel was 20 pl/cm?

The 1dentity and titre of human precipitins 1n serun
sputum 50l phase or saliva were determuned 1n relation to
the pattern ding 1o p: ly described
methods (10) and quanufication was performed by
comparing the area including human precipitins with the
area of corresponding rabbit precipitins 1 six swandard
plates The standard plates were run exactly as described
above but mnstead of human fluds 1n the intermed ate
gel the standard plates included rabbst antiserum 1o the
mermediate get as described previousty (10} The
following titre classes were employed m the present
study both for the # influen ae reference system and the
S8 aureus reference system

0 plfem? < fere [ = 1 plfem? < nwre 2 5 Syl
em?< titre 3 = 10pl/em? < ntre 4 = 20 ptfem! <
ntre 5 = 40 pl/em? << ryre 6 X 80 pl/em? = pure 7 A
control plate with saline 1n the itermediate gel was
included every day In some instances addiuional plates
with fower concentrations of sputum 1n the intermediate
gel were run to facilitate sndentificasion of the pretipiins

Stansucal Methods

The Mann W jutney test W ricoxons test for parx
dufferences and Spearman s correlation coefficient R (2)
were emplayed Level of sigmificance $% (double tatled

test)

RESULTS

{5 was shows that all the patients fad preciuus
serum as well as in sputum agamst both
mfluenzaeand S aureus The number of precipitins
1n serum was on an average higher than the number
of preciputins ty sputuda (p < @ 01) sgatnst bath H
influenzae and S aureus (Table 1)

TABLE | Mean (3 and Range () of Number of

Haemophilus influenzae Precipitins and Staphylocoocts

aureus Preciputins in Serum and Sputum of 23 Fatients
with Cysuc Fibrosis

Mean and range of number of

Precipiuns
aganst precipiuns

1n serum 1n sputum
Haemophdes R56r49 T30 1T
fluen.ae
Staphylococcus T51r2-8 X37r1-8
aureus
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are indicated with arrows and numbers Precipitatés nos
3 and 4 are seen to have mward feet {lowest tire)
Compare with |1A and B

Fig | A, B & C shows an example of
cor for of
influenzae precpruns, and n Fig 2 A. B & C the
same 15 demonstrated with regard to S aureus
preapuins Free antigens from H influenzae or S
aureus were not demonstrated enher m serum,
sputum sof phase or m sahva

Nore of the six salva spectmens from the
patients contained any precipitins against A influ-
enzae of S aureus

H influenzae Precipriing

Preaipitins aganst 16 different H  tnfluenzae
antigens were demonstrated i serum and 9 of these
were also present in sputura (Table 2} The
precipitins demonstrated 1n sputum represented
specificities which could also be 1dentified 1n serum,
but 1 addition precipstns of other spectficiues were
present (n serum from 20 patients There was one
exception to this, preaipin no 21 was found n 14
of the sputa and only 1n two of the corresponding
sera

There was posiive correlation between the
number of precipsuns 1n serum and sputum (R =
054, p < 002) but there was no significant
difference between the mean titre of the precipitins
1n sputum 2nd serom {Table 3) The serum tres
were generally higher than, or equal to, those found
in sputum except for precrpt no 21 which wes.
present in the highest utre (7) 1n all the 14 sputa 1
which 1t was demonstrated

Four ¥ influenzae anugens (nos 4,7, 10and 16)
have been shown 10 cross-react With £ aeruginosa
antigens (12) Preopiuin vo 4 was found in serum

“- .

o oweurrence or bitre of this precipitin esther n
serum or 1 sputum Nore of the 23 pauents had
anubodies against antigen nos 7 or 16 1 serum
and only one patent had antibodies against an\lgel;
no 10 serum There was no correlaton berween
the number of # tnfluenzae precipuns 1n seram

and the number of P geruginosa precipiuns
serum

S aureus Precipitins
Precipitins against 13 dfferent §
BUFEUS ant;
were demonstrated 1n serum Seven of these f,:i
also present m sputum, which furthermore contar
ned three different precipitms thay were speaific
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Fig 2 Crossed immunocelectrophoresis with intermedi

ate gel of 5 ul Staphylococcus aureus antigen (S aureus

Ag) 1n the well agamst rabbi antibodies agamst §
anrens Ag i the secand dumension reference gel (20 pl/
cm?) Techmical dataasFig 1

A Control plate with saline 1n the itermediate gel Six
precipitates are ndicated by arrows

B The intermediate gel contains serum from one of the
patients Thres precipiiates could be revealed mn this
serum and are indicated with arrows and numbers

Compare with 2A .

TABLE 2 Prevajence of the D flerent Haemopp
wnflenzae Precipinns in Serunt and Sputurt of Pay en
with Cysne Fibross

———

Precipitin No of pausnts with precipyuns
specificities?} 1n serum 1 $pytun
2 4 |
3 9 4
4 23 1§
8 ! 0
9 23 20
10 1 ]
12 | )
17 2 0
20 2 0
21 2 14
224 2 9
23 3 16
25 I 0
28 v 4
2% 16 7
33 2 !
3) E published H

g to
nf Ag/H 1nf Ab reference system (1)

21 37 41) (Table 4) and two precipitins (24 52)
that 1y some patients were present only 1n Sputum
(Table 4) The other precipitin specificities demon
strated 1n sputum were also found mn the corfespon
ding serum Several precipitins were present only i
serum (Table 4) particularly no 18 f{diwected
agamnst teichosc acid) which was present in all the
serum and 1 none of the sputum samples {Table 4)
There was positive correlation between the number

TABLE 3 Distribuvon into Tutre Classes of Haemophulus
miluenzae Frecipitihs n Serum and Sputum of 23 Cyst¢
Fibrosis Pauents

S,
Number of precipiting

Titre Class i serum n sputart

T I i

6 0 q

5 6 [4

4 5 0

3 9 1

2 30 4

) 18 62
Geomewcal meanof uwres 23 24 ns

Precipitins 1 serum are only included i this table of
of the same are found sn sputum

and numbers
Preciptins pos 24 and 52 are seen faiatly and

Just cathodic to the mtermediate gel
348

from the same patient



TABLE 4 Prevalence of the D fferent Staphylococous
xureus P ectp t ns an Sertum and Sputum of Pat ents with
Cyste Fbross

Prectpun No of patients with precipiuns
speafeties?} mserum I sputum

6 22 17

10 3 0

n 7 1

n 1 0

14 4 0

13 3 1

i 2 L}

2 1] 4

u 8 b ]

% 1 0

i) 9 0

ki 0 5

M) 0 1

b 3 s

4 2 )

32 n 15

") Enumeration accord ng to previousty publ shed §
Qureus AglS aureus Ab reference system (13)

ol prec p tins 1n serum i
000])17 and sputum (R

The uwes of the S oureus precipins are shown
nTable 5 from which 1t appears that the mean
BUes of the precypiuns were sigmuficantly tugher 1
SPutem that in serum (p < 0 001}

S aureus anugen mo 24 has been shown to
Crossreact wih a P geruginosa antgen (13) The

076 p<

L:BLE 3 Dstrbut on nto T ire Classes of Staphylococ
s Precp ns n Serum and Sputum of 23 Cyst ¢
F bros s Pat ents

Nambver of precip ns

- -
Trre GJS serum. sputum
! o 16
¢ 0 )

5 2 4
i 3 6
; 3 26
! 3 1o

26 k1

—

Cometncal meag of utres 1 7 33p<0001

P
TP s 10 serumt are only included m th s table 4f

PIECIp tns of the same g
specifianes are found in s,
from the same. pavenis o spotum

occurrence and titre of this precipitin did not daffer
sigmficansly between the CF + P paueats and the
CF P pauents either 1n serum or in sputum There
was positsve correlation between the number of §
aureus precipins n serum and the number of P
ageruginosa precipitns 1n serum (R = 0 s1p<

There was also posstive correlation between the
number of 5 aureus precipiuns 10 sputum and the
number of H influen.ae precipiuns mn sputum (R
— 068 p < 0005) whilethere was no correlauon
with regard to number of these precipiuns in seum

DISCUSSION

H nfluenzae Precipinns

in general the local humoral 1mmune response
to M tnfluen-ae though less pronounced resembles
ot of P seruginoss (10} wah fewet precipins avd
fower titres of these in sputum than 1 serum This
fact 15 also reflected 1n the low correlation coefficrent
{R - 054) between the number of precipiuns 1
serum and sputum

It was only against the cross reactive antigen no
21 (12) that a high utred local humoral immune
response Was demonstrated

Ninety-¢ight per cent of the precipiins 1n sputym
and 98% of the precipitns 1n serum were directed.
agamst H influen ae antigens cross reacuve with
otber Haemophius species {12) Twenty two per

Fa e

ww e uoulel vdeletsd genera (12)
Therefore only 2% of the sputum and serum
precipuns indicate a specific antibody response
agatast H influen ae in the CF patents although
the cross reactive antibodies could 250 be mnduced
by H influen ae

In spite of the presence of the cross reactyve
andvolits m wTum no corrélation was found
berween the number of precpuns against M
influen ae and exther P aeruginesa or S aureus
There was  however correlation between the
number of # influen.ge precipitins and the number
of § aureus in sputum This may be due 10 the fact
that such patients frequently harbour these two
bactenial species together 1n the tungs {S) whereas
cross reactive antibodies could not be the reason
az 1y

Further characterization of some. of the
uns s possible Precipiin no 21 35 dlreaad‘:g?ufs‘t
2 ¢TOss reactive surface antigen (12) Precipiin no
23 15 directed against a

polysaccharide-contarnng
heat stable antigen possibly related 10 # fluen i



Iipopolysaccharide and prectpitin no 9 against a
a};{ace antigen nerther of which are cross reactive
Antibodies against the capsule of X wfluenzae
type b were not demonstrated although H nfluen
2ae type b capsular polysaccharide 1s present 1n the
antigen preparation employed (12) If present in CF
serum and sputum the concentration of these
:‘nubcdxes must be low or possibly non precipita
ng

S avreus Precipitins

On an average the titre of the local antibody
response against S aureus antigens was higher than
the titre of the systemic antibody response and the
local antibody response seems to be relatively more
pronounced as compared to that against H mnfluen
zae and P aeruginosa (10) Furthermore three
precipitins were completely specific for sputum and
two (nos 24 and 52) were present in higher titres i
sputum than i serum thus indicating a local
pulmonary anttbody response

The reason for the pronounced local antibody
response against § aureus 1s unknown but 1t might
be related to the well known tendency of § aureus
to cause localized infections (abscesses) possibly due
to the production of coagulase and protein A

Sixty per cent of the precipitins n sputum and
54% of the precipitins 1n serum were directed
against S aureus antigens cross reactive with §
epidernudis (13) Forty per cent of the precipitins 1n
sputum (nos 24 41 47 and 52) and 31% of the
preciptins 1n serum (nos 13 24 47 and 52) were
directed against S gureus antigens cross reactive
with other bacterial genera (13) It 1s therefore only
40% of the sputum precipitns and 46 % of the
serum precipitins which indicate a specific antibody
response against S aureus in CF patients although
the cross reactive antibodtes could also be induced
by § aureus The correlation between the number
of S aureus and P aeruginosa precipitins 1n serum
cannot be accounted for by cross reactive antibo
dies since only one cross reactive antigen exists
between these species However § aureus and P
aerugmosa alone or in combination are the preva
fent bacteria in CF (5) and this may be the reason
for the correlation between the antibody response 1n
serum against these bacteria

Further charactenization of some of the precipt
s 1s possible Precipitin no 18 1s directed against
teichoic acid while precipitin no 46 1s directed
aganst a heat stable polysaccharide-containing antt
gen (13) Antibodies against both these antigens are
cross reactive and are thus not specific for § aureus

13

In general cross reactive antibodies which predo

mynated 1n the immune response did not see
provide protective immunity agamst S aureys ¢
influenzae pulmonary nfections 1n CF A Sp
local pulmonary immune response was alsq des
strated against both these bacterta but ity ro
local protective immunity requires further s
The presence of S aureus and H influe
anubodres 1n the lungs of CF patients imdic
however that chromic lung mfectton in CF pat
with these bacteria may induce tmmune conr
medated tissue damage smnce 1t has been sh
previously that chronic £ geruginosa lung infe
m CF 1s an immune complex disease (10 11)
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EXPERIMENTAL ENDOCARDITIS IN RABBITS

3 Swgnificance of the Proteolytic Capacity of the Infecting Strains of
Streptococcus Faecalis

ERNG GUTSCHIK SUSANNE M@LLER and MLS CHRISTENSEN

of Diagnostc and Sutens C and
Department of Pathology Fredesiksberg Hospital Copenbagen Denmark
Gutscuk E Moller $ & Christensen N ditis 1n rabbats 3 of the

Proteolyuc capacity of the 1nfecting strains of Streptococcus faecalis Acta path mucrobiol scand Sect
B 87 353-362 1979

Inseruon of a polyethylene catheter into the left ventricle of the heart was used for regular
esablishment of sterte endocardiis and bactenal endocarditis was ¢stablished by injection of
arproximatety 108 Sireptococcus faecalis into the blood stream at the same ume as removal of the
catheter wh ch had been 1n place for 3 days 100 out of 102 rabbits died spontaneously of bactersal
endocardms Evidence 1» produced that the host parasite interaction s influenced by the proteolytc
Property of § faecalis i this experumental model Two distmnct types of chnical course are described
D A predominantly acute and damaging ilness characterized by a high level of bacteraemua small
Amouns of soft. fraable vegetations 1n the left side of the heart. gh frequency of kidney infarcts and
storte survival ume m rabbits tnfected with proteolyuc strains 2} A relauvely subacute illness
characterized by a lower Jevel of bacteractmia Jarge hard non friable vegetations on the aortic vafves
S pronounced destruchve changes 1 the substance of valve leaflets relauvely lower frequency of
Rudney nfarcts and longer survwal ume 1n rabbsts infected with non proteolytic strains The resulis
Suggest that proteolytic strains of § faecals cause partial dissolution of the vegetations resutung tn a
tmore severe climical prcture

Rey words E; rabbits

Jfaeeals capacity

E Guischik  Department of Diagnostic Bacteriology Statens Serumminsutut Amager Boulevard 80
DK 2300 Copenhagen S Denmark

Resned 1319 Accepted 1 vi79

The spontaneous course of experimental Strepto
08 faecalis endocardiss 1 tabbits has been
. 2 previous report {8) using a2 model
onemally developed by Garrison & Freedman (5)
o Tadel has been found to be simple and rehable
10Vestigation of the pathogenesis of sterile and
wfectve endocardiss (2 3 4 $ 1) The mam
Modification ysed 1n qur faboratery 15 the improved
“;?mquc of catheterszation (7) and the removal of
- :ﬂhncr alier msertion for 3 days at the same
b 2 1nocutation of the rabbut with S faecalis
O%th of the bactensa took plase wn the preformed

vegetations resulting 1 high density of bacteria
mside the vegetauons (3) While nvesugating this
mproved rabbit model of experimental endogard;
s 1t was observed that proteolyte (gelatin hquefy
mg) and non proteclyuc {non gelatin Liquefyng)
strains of § faecalis showed different pathogemc
effects Since the vegetations are composed mainly
of fibrin (4) the spontaneous course
could be 1nf) by the
capacity of the mfecting strains
In ordef to substantiate this observayon 102
Tabbuts were infected expenimentally wath 10 stratns
of § faecahs with varying gelaun hquefying ability

of snfecuon
(fib







TABLE | Design of Experiments

Subgroups

‘Biocherical pattern

of infecting siratns Taronomic designation
i of infecung strasns
PO Numberofrabbis  Strammo  Gelaunhquefacuon B baemolysis
10 ' S faecalis
! v 2 > * Subsp nymogenes
10 3
10 4 S faecalis
t 10 5 * - Subsp hquefaciens
10 13 _ S faecabs
n 10 7 M Subsp 1 mogenes
n 10 g _ S faccalis
. M - Subsp faecats

egative blood cultures for 28 days after inoculaton
¥ bacteria These two animals were mnoculated
Wb strans no 4 (gelatn liquefying non B
batmolytic) apd no 7 (non gelatn hquefymg B
baemolytie) respectively No sign of infective
endocardits was found on autopsy but whinish
fibrous changes 1n the bottom of the left ventricle
ndicated the previous catheterization

TABLE 2 Cimcat Data for Rabbuzs

Suninal Time
Rabbits inoculated with proteolyt stramns of §
Jaecalts were characterized by sigmficantly shorter
survival times than those moculated with non
proteolyuc strans This 1s demonstrated by the
significant difference 1n the average survival time
betw een rabbits 1n groups 1 + 11 and in groups 111
+ 1V (Table 2 Fig 1} No significant difference

to Left sided

faecalis Ex

Buochermeat pattera of wfecting strams.

Standard
Gelaun liquefying straws Non gelaun hquefying strains, deviation
(%)
fh2em Gr 1 MNonfhaem Gr I fhaem Gr 1§ Non p-haem Gr Iv
fvval e of 31 944 2339 17
s thours) " 30 20 20 o 5
cightof B 387 921 266 |
99 9
ttavons (mg) n 24 \7 16 223 0
aghtof T bt 208
375
leeng) n 30 20 20 3(2) ” “
tghtof T 826
589 959
) v 10 2 0 1
1 vegeations T 621
YOCFU/gvegeuon) 1 24 g S0 545 186
24

" teometric mean n

Bumber of rabbus  CFU = colony forming unas



MATERIALS AND METHODS

The expenmental animals were random bred male
albino rabbuts (Ssc CPH) from Statens Serumusytur
The average weight was 2976 g (SD 125 g) ang the
average age 203 6 days (SD 36 4 days)

Pretreatment for producing feft sided sterile endgear
duis The rabbits were anaesthetized intravenously with
mebumal natrum The average dose at the first
operation was 23 8 mg/kg (SD 2 7) and at the second
operation 22 8 mg/kg (SD 2 2) A polyethylene Catheter
was inserted into the left ventricle of the heant uSing the
;echmque described previously (7) and left 1 sur for 3

ays

Infection of pretreated anmals Afier 3 days wyp the
indwelling catheter a second operation was performed to

grnders  Quantitative culture was carried oyt as
described earlier (8) The number of organisms recosered
was expressed as CFU/g wet tissue

Sermiquanttative culture was performed from the
peritoneal cavity hiver spleen kidneys mesenterie
glands and pleural cavity as described previously (8)

The hearts of two rabbits in each subgroup (except one
heart from subgroup 4) were used exclusively for
histological examunation of sections from the zorta at the
level of the orifice of a anonyma above the leaflets from
the aorta ostwm from underneath the oshum from the
septum and papillary muscles and from the myocardim
at the bottom of the left ventricle

The gross structure of the liver spleen mesenteric
glands kidneys and suprarenal glands was etamined
Where path were observed or Suspec

remove the catheter and 1 ml of a bactenial
of S faecalis was mjected simultaneously 1nto a marginal
ear vemn The suspension in saline was prepared from an
Srarght e oW or £ Gl agar This
[08 colony fornung
108 range 613 x

units (CFUJ per mi (mean 1 37 x
107=-219 x 109)

Infecting orgamsm Ten strams of S faecahs with
varying ability to hquefy gelaun and to produge [
haemolysis were used (Table 1) These strans were
obtamed from chnical material and have been characiers
zed previously (6) together with the media and the tests
used for cultivation and identification

Bacteria recovered from blood vegetations and
different organs from the experimental animals were
examined for haemolytic activity on 5% horse hiood
agar plates studied on Gram stained shides and tested for
tellurit resistance and gelatin liquefaction

Quantitamne blood culture Blood specimens were
taken every day dunng the infection period unul
spontaneous death or the predetermined time of sachyfice
(28 days) For cultivation 0 5 ml blood was taken trom
an ear vein into a syrmnge previously filled with 0§ m
saline contamning 10 U heparin (Leo Laboratarjes
Copenhagen) per m! The whole amount was stregked
immediately onto three 5% blood agar plates (diameter
13 5cm) When a larger number of CFU was expected 2
further dilution of 1 20 was made 1n 0 9% saline ang |
ml of this dilution was streaked onto blood agar plates
The plates were wncubated at 35° C and the number of
colomes was counted 48 hours Jater Besides bacterial
cultivation 2—-4 ml blood was drawn datly from each
rabbit for other purposes

Autopsy All cages were nspected at least every 6
hours day and night so that 1 case of spontaneous death
antmals could be removed to a refrigerator and kept there
unti! autopsy could be performed The survival ime of
rabbits was calculated as the interval in hours betwWeen
bacterial challenge and spontaneous death If the eXact
ume of spontaneous death was not known the mean
time between the last tume the rabbat was observed alive
and the tme of death was used The heart and spleen
were weighed and accumulated finmd from the pleura)
spaces and peritoneal cavity was collected and quantified
The vegetations from the left side of the l]:an Were
removed asepticatly and homogenized in Blass USSue
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ted hustological examnation was also carried out

Blood urea mitrogen was evaluated according to
Levtne et al (9)

Stanstical methods  Evaluation of the vanaton
between subgroups withm the groups and between
groups was made by means of a one way nested analysis
of variance The analysis was made for each of the
vaniables survival time weight of heart weight of
spleen weight of vegetauons and CFU/g vegetation
after a loganthmic transformation requred to obta
normal distributions The bactenal counts from t
blood were also transformed logarithmically and tw
way analysis of variance was carried out for estimatic
of the variation between ansmals and between days ¢
counting The assumption of additivity which corr
sponds to parallelism of the curves relating to log CF
and day was tested These analyses were carried out ft
each subgroup and also for each group For each day ¢
observation the deviation of the observation from that ¢
the first day was calculated The difference of the mea
deviation from zero was tested by means of t test and th
same test was used for pairwise comparisons between th
groups It should be noted that the tests carnied out fo
the different days were not independent

Relative frequencies were compared by Fisher s Exac
Test and correlation between variables was tested by
Spearman s Rank Correlation Test

Genteral plan of the study A total of 102 rabbus witt
sterile endocardis were inoculated with 10 differen
strains of § faecalis Quantitative blood cultures wer¢
carried out 1 all rabbits untl they died from thet
infection except 1n the case of two rabbus sacrificed 28
days after moculanon because of spontaneous recovery
These two rabbits are excluded from the staustcal
analysis [n order to evatuate dilferences in the chimeal
data between rabbits inoculated with § faecalis display
ing different brochemial patterns the ammals were
divided 1nto four expertmental groups and 10 subgroups
(Table 1)

RESULTS

Morialisy
Death after infection occurred 1n 100 out of 102
radbies (P8 Y ) w1t 28 dass Tua cabbus skoned



TABLE | Design of Experunents

Biochermeat pattera
i of infecting straing Tazonomic designation
i of infecting strams
proums Number of rabbits  Strain no Gelatin liguefaction B haemolysis
10 ! . S faecalis
! 10 2 M Subsp 2vmogenes
10 3
10 4 - 5 faecalis
n 10 s * Subsp hiquefaciens
10 6 ~ 5 faecalis
m 10 7 * Subsp zvmogenes
L} :g g - S faecalis
- Subsp faecalis
10 10 P faecall

sezative blood cuftures for 28 days after inoculation
wrth bactersa These two animals Were inoculated
®h strams no 4 (gelaun hquefying non
haemolytic) and no 7 (non gelatn hquefymng B
bormolyuc) respectively No sign of mnfective
edocardios was found on autopsy but whitish
fibrons changes 1n the bottom of the left vemricle
indicated the previous catheterization

TABLE 2 Chinical Data for Rabbuts be

Suninal Time

Rabbits inoculated with proteolytc strams of S
Jfaecalis were characterized by Sigmficantly shorter
survival umes than those moculated with non
proteolytic strams This 1s demonstrated by the
sigruficant difference in the average survival ume
‘between rabbus m groups I + 1 and m groups it
+ IV (Table 2 Fig 1) No sigmificant difference

10 Left sided faecals

Biochemical pattern of infectng strams

vl tme of ke

Hoits (hours)

aghtof 3

*abons {mgy

eghtof 3

nlg)

fightof 3T
) M

’]U 12 vegetations
ICFU/g vegeranond

omane mean o

Standard
Gelaun liquefying strains Non gelatin hquefying strains deviation
(%)
Bhaem Gr I NenBhaem Gr I phaem Gr Il Non g-haem Gr IV
197 944 239 1706 57
30 20 20 30
887 923 2661 2999 50
1 17 16 24
pall 208 375 299
30 20 20 30 “
826 889 959 92
30 20 20 1 ’ 1
621 843 902 5
% " M 2 45 186

= number of rabbits CFU = colony forming units



MATERIALS AND METHODS

The experimental amimals were random bred male
albmo rabbits (Ssc CPH) from Statens Serumnstitut
The average weight was 2976 g (SD 125 g) and the
average age 203 6 days (SD 36 4 days)

Pretreatment for producing left sided sterile endocar
dites The rabbits were anaesthetized intravenously with
mebumal natrium The average dose at the first
operation was 23 8 mg/kg (SD 2 7) and at the second
operation 22 8 mg/kg (SD 2 2) A polyethylene catheter
was inserted 1nto the left ventricle of the heart using the
;echmque described previously (7) and left 1 suu for 3

ays

Infection of pretreated ammats After 3 days with the
indwelling catheter a second operation was performed to
remove the catheter and | ml of a bactersal suspension
of § faecalis was injected simultaneously 1nto a marginal
ear vein The suspension in saline was prepared from an
overmght culture grown on 5% blood agar This
108 colony forming
umts (CFU) per mi (mean | 37 x 108 range 6 13 X
107-219 x 108)

Jnfectng orgonesm Term strans of § frevrls witk
varying ability to hiquefy gelaun and to produce B
haemolysis were used (Table 1) These stramns were
obtained from chinical material and have been charactert
zed previously (6) together with the media and the tests
used for cultivation and 1dentification

Bacteria recovered from blood vegetations and
different organs from the experimental ammals were
examined for haemolytic actvity on 5% horse blood
agar plates studied on Gram stained slides and tested for
tellunt resistance and gelatin hquefaction

Quanntame blood culture Blood specimens were
taken every day durmng the infection period until
spontaneous death or the predetermined time of sacrifice
(28 days) For culvation 0 5 ml blood was taken from
an ear vem 1nto a syringe previously filled with 0 5 m!
saline contamning 10 U heparn {Leo Laboratories
Copenhagen) per m! The whole amount was streaked
1mmediately onta three 5% blood agar plates (diameter
13 5¢m) When a larger number of CFU was expected &
further dilutton of 1 20 was made 1n 0 9% saline and |
ml of this difutton was streaked onto blood agar plates
The plates were tncubated at 35° C and the number of
colomes was counted 48 hours fater Bestdes bacterial
cultivation 24 ml blood was drann daily from each
rabbut for other purposes

Autopsy  All cages were inspected at least every §
hours day and might so that n case of spontaneous death
ammals could be removed to a refnigerator and kept there

untl autopsy could be performed The survival tme of
rabbuts was calculated as the mterval m hours between
bacterial challenge and spontaneous death [f the exact
ttme of spontaneous death was not known the mean
teme betneen the Jast t1me the sabbit was observed alive
and the tme of death was used The heart and spleen
were weighed and accumulated fluid from the pleural
spaces and pentoneal cavity was collected and quantified

The vegetations from the left side of the heart were
removed aseptically and homogenized In glass ussue
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grinders  Quantitative culture was carred out
described earlier (8) The number of organisms recoy e,
Was expressed as CFU/g wet tssue
Semiquanttative culture was performed from ¢t
peritoneal cavity liver spleen kidneys mesenger
glands and pleural cavity as described previously ()
The hearts of two rabbats in each subgroup fexcept on
heart from subgroup 4) were used cxclusnely fo
histological examination of sections from the aorta gt th
level of the orifice of a anonyma above the feaflets fron
the aorta ostium from underneath the ostium from th
septum and papillary muscles and from the myocardun
at the bottom of the Ieft ventricle
The gross structure of the liver spleen mesentery
glands kidneys and suprarenal glands was examned
‘Where pathological processes were observed or Suspec
ted histological examination was also carried out
Blood urea mtrogen was evaluated according tc
Levine et at (9
Statistical methods Evaluation of the vanauon
between subgroups within the groups and betweer
groups was made by means of a one way nested analysis
of varrance The analysis was made for each of the
vanables survival time weight of heart weight of
spleen weight of vegetauons and CFU/g vegetation
after a loganthmic transformation required (o Obgam
normal distributions The bacterial counts from the
blood were also transformed Jogarithmmcally and two
way analysis of variance was carried out for estimation
of the variation between ammals and between days of
counting The assumption of additivity Wwhich corre
sponds to parallelism of the curves relatng to log CFU
and day was tested These analyses were carried out for
each subgroup and also for each group For each day of
obstryation the deviation of the observation from that of
the first day was calculated The difference of the mean
deviation from zero was tested by means of t test and the
same test was used for pairwise comparisons between the
groups It should be noted that the tests carried out for
the differeat days were not mdependent
Relative frequences were compared by Fisher s Exact
Test and correlaion between variables was tesied by
Spearman s Rank Correlation Test
General plan of the study A total of 102 rabbits with
sterile endocarditis were inoculated with 10 different
strains of § faecahs Quantitative blood cultures were
carnied out 1n all rabhits unul they died from ther
infection except in the case of two rabbits sacrificed 28
days alter wmoculation because of spontangous recoyery
These two rabbits are excluded from the statisuial
analysis 1n order to evaluate differences 1n the clinical
data between rabhits inoculated with § faecahs display
ing different biochem al patterns the ammals were
divided 1nto four expenimental proups and 10 subgroups
(Table 1)

RESULTS

Mortaliy
Death after infection occurred 1n 100 out of 102
rabbits (98 % ) within 28 days Two rabbits showed



TABLE 3 Two sided Variance Analysis (mmals X days) of Colony Formm[i-Umls tn Blood Specimens Taken from
ecalis End di

Rabbits with fa
Bartlett s F test for
test for parallchsm
Ratbus common between
variance subgroups
Groups Subgroups s? f (%) (%)
1 02822 2
i 2 04975 41 70-80
3 04073 28
Within subgroups 04419 91
Betw.een subgroups 06784 17 10
I 4 05908 26 s
5 02481 19
Within subgroups 04461 45
Betw een subgroups 02361 5 70-90
(3 05462 76
ut 7 06307 0 0-60
Within subgroups 05867 146
Betw een subgroups 06793 18 30
8 02913 si
v 9 04562 56 10-20
10 02728 44
Wit subgroups 034n 151
Between subgroups 11677 2 10-20 <005

2 vanance £ degrees of freedom

FBBAS but these were not clearly related to
Proteolync and non proteofytic stratns of § faecals

ORever i rabbits moculated with non proteolytic
Srans significant correlation was found between
the heart weight and the weight of vegetations
Pearmans Rank Correlation Test P <0 01)
Such 2 correlation could not be demonstrated 1n
Tablouts infected wimy proteolytic strains There were
7o differences correlated with the g

IR

Trilisir et ooy
Tioan

Fig 3 Bacteraemia m 100 rabbits with left sided
§ d

adiny of strains (Table 2) An analysis discrimina
Ung between heart weight 210 g and <10 3
i:mea a significantly hgher frequency of hyper
mwhxc hearts (Z10 g) in groups of rabbits
: ‘;:ulaled *1th non proeolyue strams Thus 12
= ‘;u S+ Din groups [ + 1I had heart weight
-8 as compared to 26 rabbus a2 + 49nm
Troups Il + N (p < 0001 Fishers Exact Test)

faccalss rezistered by daily
quantitative blood culture until spontaneous death
D

Mean value of increase n tog CFU/mi from
day | for surviving rabbys
©O—0 Group 1 (rabbus mfected with
Proteol
baemolytic strains) e b
44 Group 11 (rabbits infected wih Pproteolvtic
man gt o

A—A



was found between groups of rabbits inoculated
with strains differing in their f-haemolytic reaction
(Table 2, Fig 1)

Appearance, Weight and Bacteriology of the Vegeta-
hons

In all rabbits, vegetations were found on the
aortic valves, 1n the left ventricle, on the aortic wall
a few mm above the leaflets and occasionally
around the onfice of a anonyma Vegetations on
the atrioventricular valves in the left ventricle were
found m 12 out of 50 rabbits noculated with
proteolytic strains, but m 21 of 50 rabbits
noculated with non-proteolytic strains This diffe-
rence 15 not significant (P = 0 088)

Two distinct types of vegetations were observed
The vegetations infected with proteolytic strams
were greyish-white, soft and friable, whereas those
infected with non-proteolytic strains were off-white,
hard and non-friable The extension of the soft,
friable vegetations was moderate and never obstruc-
ted the orifice of the aorta, even though all three
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Fig 2 Design of experiment as 1o Fig 1 Dai reco
for 81 ammals only since 19 hearts Were used exclust
for histological examination Strains 1-§ proteol,
Strams 6-10 non proteolytic

aortic valve leaflets were always found 10
involved Leaflet shape was always recogntz:
(Figs 4A and 5A) The hard, off-white. non-fz
vegetations were large and usually obstructed
orifice of aorta, even causing some drstension of
aortic wall Valve Jeaflets were hardly recognizd
(Figs 6A and 7A)

The weight of vegetations nfected with protec
tic strans was significantly lower than that
vegetations infected with non-proteolytic stra
(Table 2) Although a rather high varance ¥
observed mside the subgroups, the two types
vegetations had a clearly different distnibut
(Fig 2)

Bactenial density was high n both types
vegetations The average number of CFU var.
from 082 x 1019t0 6 34 x 101 per g vegetat
Some variations were observed between subgrou
of rabbits moculated with ndividual stratns of
Jfaecalts, but there were no significant dufferenc
between the main experimental groups

Weight of Heart
With regard to heart weight, one-sided varan

analysis revealed differences between the groups

-



2 64 Heart of a rabbut infected with non proteolytic p haemolytie stram (no 7) The survivat ume was 237 hours

Weight of veg

elations 15 not recorded because of histological examination Note the large vegetation obstrucuing the

o1 of aorta The shapes of the aoruc valve leaflets are not recognizable

F2 88 Kidneys helonging to the same rabbut are without mfarcts

T8 14 Heart of a rab
and

bit 1nfectad with non proteclytic B-haemolytic strain (no 6) The survival ume was 407 hours
the we ght of vegetanons 271 7 mg The appeatance of vegstations resembled that shown i Fig 6A

F2 18 Kidneys belonging to the same rabbu are without infarcts

Dimbols AV

the uodeslying yssues se the substance of valve
fets 20tuc wall or myocardium

The most marked dufferences were observed on
Whe gortic valves Here the of

20rtic valves with vegetauons V = vegetations 1 = infarcts

2ortic valves distinct differences 1 the degree of
bacterial density localization of the bactersal aggre

gates or changes in the underlying fissues showed
only fi varations md de

Dacteria tended to be closer 1o the tuminal surface a
fendency which was less marked for the non

Protedlytc bacteria and not observed 1n non aortic
Yalve vegetations The destructive changes 1n the
Substance of aoruc valve feaflets were more
‘Pronounced for the proteolytic bactena. Outside the

of the type
of mfecting bactena

Quanntative Blood Culture

By cultural analysis of 627 blood specimens from
100 rabbits taken daily during the enure fection
period st was found that only 14 (2 23%)



Fig 44 Heart of a rabbit infected with proteolytic 8 haemolytic stran (no 3) Survival time 125 hours weigt
vegetations 71 1 mg Note the moderate amount of vegetations and the casily recognizable shapes of the three a

valve leaflets

Fig 4B kudneys belonging to the same rabbit have severe infarction

Fig 54 Heart of a rabbit infected with proteolyuc B haemolytic stramn (no 2) In sprte of an unusually long surv
time (336 hours) the weight of vegetations was 92 9 mg and the appearance resembled that shown m Fig 4A

Fig 5B kidneys belonging to the same rabbit have severe infarcuon

Histopathology of Heart

The purpose of the histological examination was
to detect possible morphological differences between
vegetations infected with proteolytc and non
proteolytc strans of S faecahs The systematic
exarmmation mncluded observation of the density of
Pactersa 1n the fibrin mass, the shape and size of

degree of endothehalization of vegetations and 1
destrucuve changes In the underlysng tissues
Several common trends were observed for b
types of vegetations Both contained masses
bactersa with density always greatest 1n the veget
tions on the aortic valves, while the tendency fi
endotheltalization was less there The bactent
occurred as oval or crrcular rings ¢

bacterial aggregates n the ., possible
yariations 1n the distance between bacterial aggrega
tes and the lummnal surface of the vegetations the

158

festoons, independent of the type of infecun
bactena Finafly, bacter:a were never obsenved 1

vl



bascline values (before mfection) was only observed
1 2days before death probably because of dehydra
o

DISCUSSION

§ foecalis causes 5-15% of all cases of human
mfectious endocardiuis {10) In sprte of this relau
vy low frequency this fact deserves special
atention because the organism commonly causes
endocardins on normal cardiac valves Further
more the chmcal pattern of mfection 15 often
disunct from other streptococeal endocarditis ma
mly due to the more variable climcal course
consisting of a chrome indolent form and an acute
rapdly progressve from with early distuption of
valve leaflets (12)

A previous ncidental observation indicating
ortan differences between cases of experimental
rabb t endocarditts depending on the ability of the
ufectng strains of S faecalss to iquefy gelaun has
oW been confirmed

Although the differences are mostly of a quantt
fane nature the number of experiments performed
and of stramns ysed together with the statistical
224155 feaves litle doubt that there 15 2 dufference
and that the difference 15 corretated with the abuity
of the strasms 1o liquefy gelatin

The immediately most striking difference 1s the
peatance and extent of the cardiac

Statistical analysis showed some  dhfferences
between the average weight of spleen and heart i
rabbits infected with proteolytic and non proteolytic
strans  Sigmficant correlations were not found
betneen the weight of spleen and other single
parameters used n this study therefore the
difference 15 possibly due to influence of multiple
factors durtng the infection As regards the weight
of the heart sigmficant correlation was found with
the weight of the vegetations but only 1n the group
of rabbits mnoculated with non proteolytic strans
‘Thts observation indicates that hypertrophy of the
heart can develop due to the lasge vegetations
partially obstructing the orifice of aorta There 15
reason to suppose that heart hypertrophy in rabbits
nfected with proteolytic stramns is merely due to
aortic msufficiency as a result of the destructive
changes 1n the substance of aortic valve leaflets

The borderline value for spleen enlargement =2
g due 10 mfection was found sunable since 1t had
bezn shown earlier that rabbits with stertle endocar
ditis do not display ths ncrease in weight (7}
Sumlarly borderline value of 210 g for heart
hypertrophy was used because rabhits with sterile
endocarditis observed for 5 days all had heart
weight below that value (7)

Wretiind & Kronert (13} have reported on the use
of protease-deficient mutants of Pseudomonas aery
gunosa n experimental infection of mice and reached

Proteolyic strams give soft. friable vegetations that
1€ 0L quite a5 extensive as the hard non friable
Yegetations produced by non proteolytic stramns
€ Proteolyuc strams also produce more severe
infections as shown by a shorter survival yme a
bigher degree of bacteraerma and a larger number of
Yadney snfarces
Ithas been shown {(Gutscluk unpublished obser
Y2uon) that the protease of the gelaun liquefying
SUans also has the abihity to dissolve fibrin Since
15 the major of the "

the that acuvity had hige
effect on the outcome Considering that the mice 1n
that case suffered from an overw helming general,
zed infectton the result 1s not surpnsing and does
not exclude that i locatized mfectrons the protease
actvity may have smportant consequences
e f in the )

actvity of the infecting strams 1n cases of human
endocarditis 1s not known at present but it will be
an important future task 1o study this aspect

In on the path of endocard,

‘mlgh! be assumed that the essenttal dsfference 1s due
S the fibrmolyye actvity exerted by the numerous
21d dense aggregates of Living bacter1a mside the

nvolve about the d nflu
ence of the mdwelling catheter and very Mhigh
moctlum (10°~108 CFU) as used m the rabbt

model originally described by Garrison & Freedm,
‘ﬂ?:\a\wns Tt can easily be imagined that the (5) and Durack & Beesont (2) Our results sh::
nolyuc actviry will soften the 50 that the i
1 they more easily become eroded or torn to e

:’:}? by the high pressure of the blood Stream thus

g 1n a refative drminution 1n their et
ent and
:LS: n the finding of more free bactersa 1n the blood
smbolism as showp by the frequent kidney
s Why the ammals die soomer s not
immeduately obvious unless 1t 15 1n some way a
Consequence of the igher degree of bacteraemia.

Apparently 1 has nottung 1o
Kidney function ® 10 do wih smpmea

influence the spontaneous course of endocas

Immediately after the njection of m{omlun:d‘;;,se
number of orgarusms 1n the blood was found to be
105108 CEU fenl but 1 fefy Tapidly (Quring 10~15
minutes) to 103-10" CFY/my (Gurschik unpublys
hed observation) The ransitory high lIeyep bacterae
mia will not produce endocarditis 0 norma) te



specimens did not show growth of bacteria The
level of bacteraemia varsed from a few bacteria per
ml to 105/ml blood Particularly high values were
observed just prior to spontaneous death The level
of bacteramta during the first 2 days of infection
Was somefimes low a value <102 CFU/ml was
determuned 1n 8 out of 56 rabbuts moculated with
proteolytc strains (16%) and 1 17 out of S0
rabbits (34%) 1noculated with non proteolytic
strains This difference 15 not sigmficant (P =
0063)
Companson of the levels of bacteraemia during
the entire period of mfection showed differences
between individual ammals but the progress of
bacteraemua appeared to be paratiel within sub
groups The homogeneity of the vanances and the
parallelsm have been tested for each of the four
experimental groups (Table 3) The table shows that
the parallelism was acceptable withm groups I 11
and I but not in group IV where one of the
subgroups had a constant low level of bacteraerma
Thus fact made further comparison of the groups by
means of estimated average curves difficult and
therefore the final evaluation was carried out using
the results observed on day | as reference value For
each ammal the ncrease 1n log CFU/ml was
calculated as deviation from the log CFU/ml
observed on day 1 The averages of these deviations
calculated for the surviving anmmals are shown m
Fig 3 The averages are significantly greater than
zero for all days in groups I and II and for days 4—
11 1n group IV For days 2-8 significantly greater
levels of bacteraerma were found for rabbus
moculated with proteolytic strains As can be seen
from the figure the differences are systematic the
curves for groups I and I lymng above those for
groups 11T and IV No stmilar difference was found
as regards the B hacmolytic property of the infecting
strains since the curves for groups II and 1V
(non @ haemolytic) are lying between the curves for
groups I and I (B haemolytic)

Spleen
Statistscal analysis shows that 1n group 1V there

were significant differences between the average
weights of the subgroups However there was no
sigmficant difference between groups 1 and IV
Considering groups I + Il and I + IV a
sigmificantly higher average spleen weight was
found for rabbits moculated with non proteolytic
strains (Table 2) .

An analysts discriminating between weight Z2¢
and <2 g showed the same trend 28 rabbits (56 %}
1 groups 1 + 11 had werght >2 g compared with
43 rabbuts (86 %) groups TIE + IV (P = 00017)
Values of <2 g were not significantly correlated

R{S4]

With shorter survival tmes examined 1y
subgroups

Splenic emboli with 1nfarction were recognized
four out of 100 rabbits

Kdneys

In rabbits infected with proteolytic strar
(groups 1 + H) 97 out of 100 kedneys had one ¢
more mfarcts These lesions were found 1n only §
of 100 kidneys in rabbas mfected with nor
Proteolytic strains (groups III + 1V) The differenc
15 hughly significant (P < 0 001 Fisher s Evact Tes!
Seealso Figs 4A B 5A B 6A Band7A B) Th
infarcts were anaemic and mamly cortical coverini
from 1-2 mm?of the surface to almost half of th
kidney An analysis discriminating between hidne!
infarcts 2 10 mm2and < 10 mm2showed thatir
rabbuts nfected with proteolytc strains 1nfarcts 2
10 mm2were found 1n 64 out of 97 kidneys whilé
1n rabbuts infected with non proteolytic strains only
three out of $8 kidneys displayed this characteristic
This difference 1s highly sigmficant (P < 000!
Fisher s Exact Test)

Other Organs

Out of 100 rabbits typical infarcts were discore
red 1n the lungs of four and m the Iner of one
rabbit Except for the kidneys focal imnfectious
processes were only seen as small abscesses 1 five
rabbits One rabbit had paralysis of both limbs
Pericardial effusion of 2-5 ml usually stenle flmd
was found n 19 rabbits while pleural and
peritoneal effusion of more than a few ml was
found only 1n a small number of rabbits Witha few
exceptions semiquantitative cultivation from the
peritoneal cavity and the pleural spaces yielded ne
growth while m nearly all rabbits strong growth of
S faecals was observed from Iner spleen kidneys
and to a lesser extent from mesenteric glands and
lungs No definste difference was observed between
rabbuts nfected with proteolytic and non proteolytic

strains

Blood Urea 1n the Course of Infection

Stnce blood specimens were taken before inocula
tion of rabbits with bacterta and thereafter daily
untif death 1t was posstble to mvestigate the level of
blood urea as a measure of possibly damaging effect
of kidney mnfarcts Three rabbis infected with
proteolytic strains and showing very severe infarc
tion of the Ardneys (several infarcts > 10 mm )
were compared with another group of three rabbits
infected with non proteolytic strains and showing
no mnfarcts Regression analysis showed no signifi
cant differences betw een the groups as regards blood
urea fevel Sigmificant increase izt blood urea from
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431 cultwres of waviem hike mycobacteria (ALM) were isolated from wild and domesuc amimals

duing 1974~76 at the National Veterinary Insutute Stockholm OF these SO rsolates from pigs were
studed by growth and tests  Furthermore
chromathography was performed and on some isolates serotyping  All 50 isolates belcndgeg [
Runyons group Ii1 and were pathogenic for chicken none was cpable of sphitung oleic acid from
Taeen 80 47 gave tellurute reduction within a period of three days one was arylsulphatase positiye
ser three days and a further four afier 14 days The biclogical and biochemical tests permu
#ssgnation of the S0 isolates 10 the ¥ avium niracellulare complex The hipid patterns of the wsolates
ctamined were analysed by thin layer chromatography Thirty five of the 1olates showed a hpid
patem simifar to that of A 2 of the fowl reference strain three beloneed 10 lipid type A | and four 1o

thun layer

A3 Eigit could not be ryped OF 22 wsolates 14 could be assigned to 3 asrnt serotypes

Key words  Avium 1 kes b

ammals Sweden
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Infections with mycobacterta occur 1n man and m
Yot domestic and wild ammals and consttute a
$ET0US public health problem all over the world

Cennary bacteriologists have traditionally fo
€used therr antention on the fight against tuberculo
515 and study of the vanious diagnostic aspects In
1939 before the eradication campaign against

S ammals 1 Sweden dunng the
OrUes Litieengen imestigated  those types of
myeobactersa which could be 1solated from pgs(9)
On examination of 128 positive cases Afjcobacte
1m bovss could be ssolated 1 116 cases My cobac
ferum tubercutosis i three and Mycobacterium
@um m nine The preciston of this classification
*as based on growth colontal morphology pig
mentation and guinea P1g 1oculation

Since then the Prevalence of Afy cobacrersum bos, 13

s decreased and now adays this species

15 seldom 1solated from domestic animals However

the problem with bacteria previously called Ay co
bacterum avium 1e rsolates which are slowly
growing non pigmented and non virulent for gu
nea pigs still remains but has atracted little
attention and has not been studied m this country
unul recent years (1) A more sutable working
designation for such isolates might be » avium Iike ¢
mycobacteria (ALM)

The aim of this study was to survey the
occurrence of ALM in anmals 1n Sweden Since
many 1solates are obtamed from Pigs ntended for

human consumption porcine strains w ere characte
rized further

MATERIAL AND METHODS

Stratns
Tissue specimens from
with lesions reminiscent of-
random and examined

domesuc and wild ammals
tuberculos:s were obtayned at
2 the Nauonal Veterinary

.



non pretreated rabbits (3) Furthermore a bacterae
ma of 105 CFU/m! 1s not only part of the yubse
quent course of experrmental endocarditis bug may
also be seen 1n rare instances in cases of human sep
ticaemia (1)

It 1s our conclusion that using a techmque
similar to ours experimental endocarditis can be
established 1n a form that 1s well sutted not only for
testing the effect of various therapeutics but alsg for
2 closer study of the influence of various bacterial
factors on the disease processes as demonstrated 1n
the present study

We are indebted to K L Fennestad VM D Sutens
Seruminstitut  for provision and maintenance of the
rabbits We are grateful to Mrs U A S Petersen fmr
technical assistance and to Miss 4 Orvergaard and Mr F
Learsor for photographic assistance

The work was supported by a grant from the Damsh
Heart Foundation
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losttute during the penod 1974-76 The ALM cultures
welated and wsed for further characterization onginated
from vanous organs of 29 pigs (Table 1) representing 21
berds slaughtered at abattorr No 51 in Katmar during a
o0 year period (1975) These cultures numbered 1-50
aredesipnated »Kalmare isolates Four reference strains®
of Micobacterum ayium three (\S M8, MS0) 1solated
from fouls and one (NCTC 8551) from a pig were
meduded 1 the my estigattons

Culture Technique

Sumples from wssue specimens were culuvated on
Lowenstern Jensen medium with 0 75% glycenn at 37
°C for a period of eight weeks Stramns studied by
bilogical and biochemical tests and thin layer chroma
tography (TLC) were subcuttured for 14 daysat 37°Cin
33 atmosphere of $% carbon diotide prior to analysis

Growik chromogenscrny and Buockemucal Tests

The S0 >Kalmare msolates selected for further
<haracterzation were grouped according to the scheme
fsed by Rumon (13) Three biochemica) tests for
harscterzauon wthin Runyon s group HI were used

1) Capacity 1o splt phenolphthalein from tripotas
*um phenclphthalem-disuiphate afier 3 and 14-day
TReNon periods. according to the method described by
Tankis (17) the so-called arylsulphatase test The \f
V‘:m(&lﬂulwe strain NCTC 10425 was used as posiuve

2501

. Deliurrte reducuon within a period of three days by
‘;mtlhod of Kitburn et at (1) The 41 smegmans stran
! from W eybridge was used as posive control

31 by of rsotates to split olerc acid from Tween 80

:y Haines method (20} The NCTC stram 2275 of
Kansasis was used as posine contro)

Vinence Tesy

n:;?xlenu tests were performed by intravenous

- ‘auen of each of the 1-50 porcine »>Kalmara
m;s and the A gy1um NCTC stram 8551 mto wo
e D8 ehickens sespectvely In prelimnary expen
NS 2 loopful (approvimately 0 01 mY) of organisms
s 0?“ from Low enstein Jensen medium  suspended
o ’ml 015 M saline and imyected tnto the wing vein
imm;;umd 1 be 2 suitable procedure The smocutated
S Were observed for eight weeks Autopsy was

'%d on chickens which died or became moribund
that period The evtent of tuberculosis involve
fliver spleen and bone marrow was assessed by

m
2€toscopic and hstologic examination

during

Thin tayer Chromatography (TLC)

< method wsed was that of Afarks e of 10) as
v:::nﬁea ¥ Boughton & Bernstad (1) From each of the
orear® 07 Lowenstein fensen medwum 2 Joopful of

* Obtained from the Ce
entral \ et
Weybridge Frglang ermany Laboratory

overmght the heterogeneous sample was centrifuged at
500 g for 10 min The supernatant was removed and
transferred to spots on silica gel plates and used for TLC
The upid extracts were applied as repeated spots
allowing for drying in between The diameter of the
spots did not exceed § mm Paired un:dimensional runs
were made at least three times for each preparanon
using a 0 25 mm layer of sihica gel H (Merck Darmstad)
In all expertments a mixture of # butanol glacial acectic
acd  water (125 45 37) was used as solvent After 2-3
hours the plates were oven-dried at 75 °C for 30 nun
allowed to cool and then sprayed with a mixture of 2 vol
of 60% H:S04iv/v) and | vol of freshly made 0 1%
ortinol 1n water

Seron ping

Twenty two whalmar« 1solates obtained from 19 of
the 29 pigs were exammed serologically am  Schacfer
(15) 1 order to determine Whether 8 avium serotypes
1-3 could be recorered The test sera were kindly
supplied by D J Aenneth VcClatchy (Nauonal Jewish
Hospital and Research Center Denver Colorado USA}
and represent serotypes 1 and 3 (utres 1 160-320)and 2
(1 80-160)

RESULTS

Isolates of pAsium-Like« Mycobacteria from Am
mals m Sweden

Table 2 shows the results of the three year
(1974-76) investigation of mavium hke« mycobac-
tenia in domestc and wild animals ALM were
1solated from 385 out of 549 pigs and from 5 out of
33 cattle The bacteria were also found 1n ane out of
mine horses two out of six sheep and five out of 2]

TABLE 2 Occurrence of vdvium Likew My cobactersa in
Amimals in Sweden
—_———

No of No of

Species cases. cases

exammned posiuve
Cattle 33 3
Prgs 549 335
Horses 9 {
Sheep 6 2
Mink 2 5
Fowls 27 20
Pheasant 4 3
Peacocks 3 ;
Sparrow haw ks 2 H
Owls 1
Rough legged buzzards 1 !
Kestrels ) '
Common cranes 2 '
Grey 1ag peese 1 !
Mute swans ' !

—_—



TABLE | Ongin of Isolates from Pigs (wKalmar
Isolates)
Obtaned
Isolate no  Isol: Obtained
olated from Country  from Isolate no  Isolated from Country  from
fresh 28 sub:
1 submandibular Sweden culture ebmandibular » ”
lymph node lymph node
29 lung » »
22 submandibular » » 30 Tiver » »
lymph node 31 kidney » »
3 kidney » » 32 submandibular » »
4 submandibular » » lymph node
lymph node 33 submandibular » »
5 submandsbular » » lymph node
lymph node 34 submandibular » »
6 submandibular » » lymph node
lymph node 35 submandibular » »
7 bronchial » » Iymph node
lymph node
36 lung » »
8 submandibular » » 37 tung lymph node » »
lymph node 38 lver » »
9 submandibular » » 39 kidney » »
Iymph node 40 lung » »
10 tung lymph node » » 4; liver » »
4. lung lymph node » »
11 submandibular » » 43 kidney » »
lymph node
12 iver » » 44 submandibular » »
13 lung » » lymph node
14 lung lymph node 45 fung lymph node » »
15 liver » » 46 lung » »
16 lung » » 47 lung » »
17 lung lymph node » » 48 submandibular » »
18 submandibular » » lymph node
lymph node 49 submandibutar » »
19 lung lymph node » » lymph node
20 submandibular » » 50 submandtbular » »
lymph node lymph node
21 submandibular » »
lymph node 8551 —~(pig) England NCTC
22 lung » » M S0(A 1) lver (fowD » Enc
23 submandsbular » » Boughton
\ymph node Weybridge
M5 (A2) lver{fowl) » »
24 lung » »
25 kidney » » MB (A3) lverifowd) » »
26 submandibutar » »
tymph node s Numbers grouped 1n square brackets represent tsolates
27 submandibular » » from the same ammal
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P 1 Undimensionat chromatograms of M aviumt

TABLE § Serological Typiag of 22 + Katmar Isolates
-

Seroytype Isotate no
1 46
2 269 17 NCTC8551
3 § 10 20 26 30 31 32
48 49
others 112227333847
Ad 2

s —

aNot belonging to ¥ aviun serotypes
b Spontaneous agghuimaton

DISCUSSION

In recent years »avium like  mycobacteria have
been 1solated from a whole range of amimals 1
Sweden but especially from prgs (Table 2) The
occurrence of these infections in both domestic and
wild ammals emphasizes their possible role as
reservour and vector for spread among and from

Rrars isolated from fowls designated A 1{A) A2(B) 55 g) populations The findings in wild birds

;:d A3(C) on the basis of thewr lipid See the of spread
7 or TC contoons vsed over wide areas

The more frequent 1solation of ALM from the

fowls mvestigated than from pigs and cattle reflects

Servaggtutination differences in the macroscopical picture 1€ 1n the

07 22 shalmar« solates mvestigated one be
Tonged 1o serotype | four to serotype 2 and nine to
rotype 3 (Table §) The NCTC stramn 8551
Wlonged 10 serotype 2 Six strams faled to
Rehunate any of the sera tested and one stram
showed spontancous agglutination

TABLE 4 Lipid Typing of 50 Katmar Isolates
—

Isofate no Lipidtype
B0 33 w0 Al
123456789 18101113

M1 16 18 23 24 25 26 27 32

303537 38 39 a1 42 46 47 43

4950 M s NCTC 8551 a2
32930 31 s A3

1721 22 36 40 43 43 45 Mot rypable
—_—

fow! a 1ypical dissermnated tuberculous mnfection
occurs whereas 1n the others the lestons may be
confused with other subchnrcal diseases

The difficulues of classifying the species within
the group of ALM have been described 1n other
studies(2 34 5 6 8 12 15 18 19 20 21 22)
In 2 co-operative study on slowly growing non

d 12 by the Ii \ or

king Group on Mycobactertal Taxonomy (1) some
of the participants suggested that M ntraceliufare
should be reduced to a synonym of M avium while
others considered that the name Af tracelfulare
should be retatned It should be mentioned
however that it 1s a Jong-standing proposal that
differentiation between these two taxa should be
obtained by the agglutination method devised by
Schaefer (15) In 1973 Wolinsky & Schaefer (23)
supgested a new scheme for numbertng mycobacte
112l serotypes where strains of serotypes 1 2 and 3
areclassified as M avjum and serotypes from 4 and
onwards are classified as A intraceliutare

In order to classify the 1solates within Runyon s
group 11T by biochemicat methods three tests often
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TABLE 3 Buological and Brochencal Properties of 30 ) Avium Likew My cobactera Isolated from Pugs ( Kalmo™
Isolares)

Growth at
45 °C

Runyon

Isolate no group

Virulence
for chicken

Tween 80
hydrolysis

Tellurite
reduction
within 3 days

Arylsulphatase
actvity

day 3 day 14 day 12 day 0

Subgroup A
3478910
11213 14
15 16 17 18
19 2223 24
25 26 27 28
29 30 31 33
34 35 36 37
38 39 40 41
42 43 44 45
47 50 NCTC 8551
M8 MS M80

Subgroup B
520 2) 3248

Subgroup C
126
Subgroup D m - +

46 49

m + +

it + .

ur + +

- - + - -

2} Ope 1solate No 21 was arylsulphatase posttive after 3 days

mmk ALM were also 1solated from wild and
domestic birds

Dicrogreat and Biochemicat Examinarion

According to therr biological and biochemical
properties »halmar  solates nos 1-50 were
divided 1nto subgroups A-D (Table 3) All isolates
could be assigned to Runyons group [I[ (non
photochromogenic) They were pathogenic for
chicken 1e the ammals became motibund or died

within 2-8 weeks and on autopsy specific lesions
f = = emtoan Lyer lungs

N as able to
or ut of 590
strains grew at 45 °C and reduced tellunite but
showed no arylsulphatase activity The five strains
1n subgroup B differed from those in subgroup A 1n
that one culture was positive In the arylsulphatase
test after three days and a further four strains after
14 days Those solates which were negative 12
sslnrite reduction (three isolates) were assigned to

!

£ A

;lgs the 1solates obtained from edul p s A v o

the same subgroup but 1n three they were assigned
to different groups

TLE Lipid Panerns
The TLC hpid patterns of the three fow! strains
designated A 1 A 2 and A 3 are dllustrated 1n Fig
1 The bacterial ipid fractions were observed as
distinct browmish spots on the plates The results of
the 50 isolates studied by thin layer chromato
graphy are shown i Table 4 Three of the 50 porcine
1solates yielded chromatograms which appeared (0
be identical wath that of A | 35 strains elicited
patterns similar to that of A2 four of the
remaming 13 stramns showed simadanty 10 A3
Eight of the strains displayed various patterns
which could not be typed Five of these were
difficult ta interpret because of the indtstnct spots
obtatned even when large numbers of bacteria were
extracted and used tn the test In erght out of thelve
mgs the tsolates recovered from each pig belonged
to the same hpid type whereas in four they
displayed various patterns some of w hich could not

be typed
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applied 1n the characterszation of mycobacterra, viz
Tween 80 hydrolyses, tellunite reduction, and
arylsulphatase activity, were used 1n addition to
growth at 45 °C and chicken virulence tests The
Tween 80 hydrolysts test (20) helps mn differentia-
tion of clinically sigmificant and saphrophytic
1solates within Runyon groups Il and 111 Kilburn et
al (7) observed that M avium-miracellulare strains
showed distinct tellurite reduction within a period
of three days, whereas most other slowly-growing,
non-pigmented mycobacteria were not positive until
Six to ten days It has been proposed that the
arylsulphatase test 1s of use n distingwishing
between M avium and M intracellulare, though
conflicting results have been reported (14)

As 15 obvious from Table 3, where the isolates
have been divided mnto four subgroups, 40 out of 50
ALM solates {subgroup A) showed a virtually
dentical pattern 1n the tests, which tallied comple-
tely with the reference stramns (M5, M8, M80, and
NCTC 8551) The discrepancies found with the

intracelfuiare by TLC However, 1n the present
work, 1t would appear that among the isolates
belonging to lipid type A2, there are some which do’
not belong to M avium serotypes ’

It appears from the subgrouping used 1n this
study that certatn 1solates obtained from one and the ™
same ammal were assigned to different subgroups,
not correlated to the site of sampling This was also&
the case with some isolates 1n TLC, which revealed:
differmg lipid patterns within the same animals ¢
Further studies are needed to evaluate this pheno- ¢
menon

In the present study, certain »Kalmar isolates ¢
(14 out of 22 examined) (Table 5) belonged to frue -
M avium serotypes (15), whereas the remamng *
eight 1solates might be assigned to M intracellulare
M avium serotype 3 was the most common which
1s 1n contrast to results obtained 1 Denmark (2. 3) °
and West Germany (12) However, m the USA the ¢
serotypes of M avium which cause tuberculosis 1t
swine vary from state to state (17), and thus it
cannot be excluded that such varsattons might also .

remaining 10 strains occurred 1n the ary
and tellurite reduction tests and growth at 45 °C
(subgroups B, C, D) The arylsulphatase activity of
the five strains 1n group B differed in that one 1solate
showed a strongly positive reaction after three days,
‘whereas the others were positive only after 14 days
Further studies are needed to evaluate this pheno-
menon It has been claimed (14) that the M
intracellulare strains are positive 1n the arylsulpha-
tase test more often than A amum However,
this study all 1solates 1n subgroup B belonged to A
aviumn serotype 3, except for one which showed
spontaneous agglutination Three isolates (subgroup
C) which were negative for tellurite reduction up to
three days are difficult to interpret, though ther
marked virulence for chicken and thetr ability to
grow at 45 °C makes 1t possible to exclude most
other non photochromogenic mycobacteria from Af
avium mtracellulare The two 1solates 1n subgroup
D differed from those 1n group A 1n their mability
to grow at 45 °C Simular results were found by
Jullin (6) with certan solates classified as Af
avium
Accordingly, the brological and biochemical tests
used 1n the present study not only classify the 50
exammed ALM isolates m biotypes (A-D) but
mught also pernut them to be assigned to the M
avium-ntracelfulare complex

The differences revealed by the thin-layer chro-
matograms did not correfate with the brological and
biochemical properties set out n Table 3, but
seemed to show a more complex pattern Marks &
Jenkins (10) and recently Sehrt et af (16} have
pornted out the possibility of differentiating between
M avum serotypes and certain serotypes of M

LR

exist within Sweden, and between Sweden and other !

countries
1

1
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O-ANTIGENIC CROSS-REACTIVITY IN
FUSOBACTERIUM NUCLEATUM

T HOFSTAD N SKAUG and T BIORNLAND

The Gade Insutte Department of Microbuology Laboratory of Oral Micrabiology Umwversity of
Bergen Bergen Norway

Hofad T Skawg N & Bjornland T O antigenic cross reactvity s Futabacterium mucleatum Acta

Bl mucrobio] scand Sect B 87 371-374 1979

Lipopolysaecharides (LPS) of the same chemotype ssolated from seven steains of Fusobacterium
Pacleaum were examined by mmdirect haemagplvunavon and tnhibstion of haemagglutnaton in
dnabsorbed and absorbed antrsera. Four common maor artigerue specificies were detected and two
ofthe LP5 examined contained antigenic specificaties not shased wuh any of the other LPS Tn addition
A fe% eak cross reactions wese observed also ®ith some LPS of other chemotypes

Koy words F nmuclearum Lipopolysaccharides O antigemc speaficty O-anugenc cross reactivity
Tor Hofsuad Mikrobiologisk avdelmg NFH bygset N 5016 Havkeland sykehus Norway
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Lo wrs) of F
Meceatum are endotoxuns (10 13 Tn addunion 10 3
el lpd A (4) they have 1 common glucoss
B9 dlucose 1. glyeero D miarrio teptose and 3
0 2 kewooctulosone et (ADO) but dilfer
B Tespect 10 other sugars (3) Based on the
g&m or absence of galactose rhamnose of

&htero D manno heptose LPS 1solated form 20
S of F nucleatum could be classified 1nto Sx
emonypes (1-V1) (3)
T LPS of F_nucteatum show a high degree of
moflogm speafiaty (2 9) Kstoffersen 1 al (9)
5 Ploying whibition of indrect Thaemaggiutination
2und four antigenic specifieities in LPS from three
:‘-'TNM of £ nuclearum (strans FI Fev | and

CC 10953) Each LPS had 11s own specificity
Iy one specificity was shared by the LPS of strains
im’md v | The present study concerns the O
Lhezztruc 0SS reactivity of chemotype 1 LPS and
; thaboration of a prelimunary typing system for

Aucleqt

rum based on mhibiion of wdirect
baemaggtutination

MATERIALS AND METHODS

Organtsns

The onigins of the £ pucleatum swains Fev | ¥$ FY
F3 FI3 F14 Fi5 and of other F nucteansm strams
wncluded in the study have been reported previousty 33
Cufuvanon was performed m 500 ml screw cap bonles
filled to the top with an enriched fluid medram based on
trypione (3)

Lipopolssaccharide

Washed organmisms were extracted with phero] water
(12)at 20 °C and the LPS were punified from the water
phases by ultracentnifugaton (100 000 x g 90 mun) and
treatment with DNase and RNase (8)

Serological Merhods

Abtisera nere raised i rabbits by smmunization with
whole cells {5) Sensization of sheep erythrocytes wuh
NaOH treated LPS ndirect haemagglunnation {HAY
and mhibtion of THA were caned our as descnibed
previously (7} THA 1shidion was performed wuth
unabsorbed antiserum or wrth antiseru Absorbed with
whale microbual cefls

usilg mne volumes of cell
suspension {OD 20 22 600 am} for absorptian nf .....[
-






RESULTS

“ptisera were produced agamst the ¥ nucleatum
rumsFev | 5 F7 F§ F13 Fldand FIS Wath
1 exception of antiserum 1o strain F3 all of them
wiaed antibodzes seacting with two or three of
1t heterologous LPS (Table 1} The results of the
BA tests indicated 2 symilarty 1 O anhigenc
xafcity of LPS prepared from strams Fev 1 F8
W F15 and of the LPS of strams F7 F13 and
14 This was confirmed by inhibition of THA
‘auls not grven) and by absorptson expersments
fable 2) The results given m Table 1 and Table 2
e obtained with the same {unabsorbed or
tsorbed) antisera The ttres histed in Table 2 were
¢ same after reabsorption of the antisera
Acording (0 the results of the absorption
Wenments at least five different antigeruc specifi
s were present tn the LPS preparations from
tfams Yev | F7 F8 FI3 F14 and F15 These
eaificiies are herernafter termed O antigens 1-5
Oantigen I Absorption of antiserum Fev | with
T FS temoved the haemagglutmating antibodies
21t antiserym to LPS of strams Fev | F8 and
FIS (Table 2 row (3)) Absorption of the same
Mserum with stram F1$ cavsed a four 10 eight
B setornon 1g the antibody tire to sheep
Mbrocytes sensttuzed with LPS of stramn Fev { or
BTable 2 row (4)) Absorption of antiserum F$
¥h stzains Fev 1 or F8 removed afl haemagetutt
g astibodies except those reacting with sheep
¥tocttes sensitized with LPS of straim FS (Table

Yo 11a

v 3 buldied from the strains Fevl F8 and FIS
'ﬁ‘s 08¢ antigenic specifity (or more) i common
" angen 2 Following absorption of the antisera
mj;lns Fev 1 ang F8 with stratm FI5 antbodies
s 8 with sheep erythrocytes sensitized with
of strain Fev 1 or F8 were slt present 1n the
mmalsm ‘Table 2 rows (4) and (15) This shows
PALLPS tsolated from strains Fev | and F8 share at
251 one antigenic specificity not present in LPS of

sran Fi§

ﬂ“anﬂgtn 3 _Absorption of antiserum to strain
>Hh strain F13 and 10 antiserum to stram F13

S Strane B vaee s .

Imgs - . .

oM ihe «

;‘: =« 8n wumsequently the LPS
‘e from strains F7 F13 and F14 have one

nligenic

Y spectficity {or mare) 10 common
iy :m‘g’m ArAr\n absorpuon of the antisera to
SET~-mrs e s ‘rom stran

TABLE 3 Tem Syvtems (FHAJ for Demonstration of the
O Annigens I-5 in Strains of F nucleatum Unhnown
LPS are 10 be Used as fnb bitory

Antiserum Senssuzing
O antigen (4 agglupnating antigen
units) 28 pl/m}
1 Ant Fev | LPS FIS
2 Anti Fev | abs F15 LPSF8
3 AnuFL3 LPS F14
4 Anu F13abs F14 LPSF?
s Aau Fldabs FI3 LPS F14

F14 antibodies that reacted with shecp cells
sensitized with LPS of stram F7 or of stran FI3
were still present 1n the antisera (Table 2 rows {10)
and (19) This shows that LPS of strains F7 and
F13 share one or more antigenic specificities not
present 1 LPS of stram F14

Oantigen § After absorptcn of antiserum to
stran F14 with LPS of strams T7 or FI3
anubodies that reacted with sheep cells sensitized
with the homologous LPS were still left in the
serum (Table 2 rows (22) and (23)) Consequently
LPS Fi4 has one speaificity m addion to the
specificity shared with LPS of strams F7 and F13

Based on mterpretation of the Yesults of the
absorption experiments test systems for demonstra
tion of the antigens 1~5 were constructed The
components of each system are shown 1n Table 3

The presence tn antserum to stran F5 of
ant hodiec that d A wnt ronms & 1

absorbed antiserum 1o strain F8 to LPS of stram F$
(Table 2 rows »12) (13) and {15)) 15 diflucult to
explam They were not present n pre immune
serum LPS of sttain F§ may shate an antgrue
cmomifimrty g s TDS £ -

\ - vAalnnen 10T anubody

sheep erythrocytes sensitizeg by LP!

strams Fl and ATCC 1095); 'lielszll?:g f::‘rl:
senstzed wuh LPS of st F) aggletinated
weakly 1 the antsera to Strans Fev I F7 Fl3 apg
F15 None of the antsera contzined antibodies
reacting with sheep gells sensitized with LPS of

€S reacting wth

N
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TABLE 1 Titres in IffA Tests of Antibody 1o LPS in Anuisera 1o F nucleatum Strains Fev I FS F7 F8 FI3 Fi

Sensinzing

antigen Ant Anu Anu Anu Ant Ant Ant
(25 pg/mD Fev 1 FS F7 F8 Fi3 Fl14 FI.
LPS Fev 1 2560 - - 640 - -

LPS FS - 640 - 40 - - |z_s
LPS F? - - 2560 - 10240 0 -
LPS F8 2560 - - 2560 ~ |_6 64
LPSFI3 - - 1280 - 640 40 -
LPS F14 - - 1280 - 2560 1280 -
LPS F15 1280 - - 640 - - 64

= titre less than 20

TABLE 2 Absorpuion of annsera to ¥ nucleatum stramns Fev | F5 F7 F8 FI3 FI4 and FIS with vanous
Effect on titres 1n THA

Strain used

Source of LPS used for sensitization

Antiserum for absorption Fev 1 Fs F8 F13 Fl4
(1) Anti Fev | PBS control 2560 2560
)] Fev 1 - -
3 F8 - -
4) F15 640 320
(5) Anu FS PBS control 1280
6) FS -
(7} At F7 PBS contral 2560 2560 2560
8 F7 - - -
(0] FI3 - - -
10) F14 320 160 -
(1) Antt F8 PBS control 640 30 1280
az F§ - 40 -
Fev i ~ 40 -
i s o - 1250
s} Fi5 160 40 80
(16) Anu F13 PBS contro! 10240 320 5120
an g.l’l - : :
::98; F14 320 20 -
(20) Antu Fi4 PBS control 80 80 640
Qn Fl4 - - -
2 £7 - - 6:8
23 F13 - 0
(24) AnuF1S PBS control 640 6_
25 F15 N N
26) Fevl N -
an F$

- titee less than 20

———

F1

256

64

160
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PHAGOCYTOSIS OF 3?P-LABELLED ESCHERICHIA COLI
BY HUMAN POLYMORPHONUCLEAR CELLS (PMN)

Effect of Different Sera and PMN with Reference to the ABO Blood Group System

KJETIL MELBY

Kapt W W ihelmsen og Froes Bakteriologiske wsututt Rikshospitatet Oslo 1 Norway

Melby K Phagocytosis of J2P labelted Excherichia cols by human pofymorphonuctear cells \P\:\:
Effect of dufferent sera and PMN with reference to the ABO blood group system Acta path microbuol

sand Sect B &7 375377 1979

A study on the nteraction of different sera and polymorphonuctear celts (FMN) with reference t the
ABO blood group system on the phagocytosss of a radiolabelled stcain of £ cofs 1s reported Using
untreated sera O cells were found to be the least sensituve and AR cells the most sensitive to reduction
" phagocync activity No reduced phagocytic capabilsy relative to the different sera used was observed
“hen heat mactnated sera were applied Aspects of these resuits are disqussed
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It bas previously been demonstrated that a
methed for men -, .
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0 the ehimination phase of the process of phagocy

S imply 2 much longer penod of mteraction
Betheen PAIN  the serum factors involved and the
eria (8)

Transplantation of an organ requires compatiby
Ity withun yhe ABO blood group system It s Iikely
theselore  that also ABO mneompaubility  will
mterlere with the phagocytic process and this
Possibiiity has been studied here

MATERIALS AND METHODS

Pot e ax ~
fre . . . '_
G Ga voks wuiewses

Serum
All sera were obtaned commercrally and typed at the
Red Cross Blood Center Oslo The ABO types used

were Ay B A1Band O The sera were stored m smal)
aliquots at ~80 °C until use

Bocterum

The test bacterum previously wdenufied as £ cofr
according 10 Bergey s Manual(1) has been used 1n other
studies on phagocytosts (8 9 12) The stramn was Stored
in Iyophitized state at § °C and was also kept m
subculture on lactose bromthymol blue agar plates
Serological studies of the bacterium were performed with
anusera obtained from Behringwerke AG  Marburg
Lahn W Germany and from W elfcome Reageats Lig
Beckenham England

Phagocyiosis Experiments
Monolayers of plass adherent human PM, obrarmed

accoTding 16 the procedure of Vidnedr & Meiby (9 were

:,ncubaledh ' Uissue culture tubes for one b wyth Krebs



strain ATCC 10953 Some of the antisera contained
antibodies reacting with sheep erythrocytes sensiti-
zed with LPS of chemotypes 111, IV or V, isolated
from esght other oral stramns of F nucleatm: When
examuned for inhibition of IHA none of these gave
posttive reactions in the test systems for O antigens
Tt}

DISCUSSION

The results of the present study confirm the
presence in1 £ nucleatum of O antigenic specificity,
as suggested earlier by de Arawo er al (2) and
Krnistoffersen et af (9) The seven chemotype I1 LPS
contained both shared and strain speaific antigens
This serological diversity indicates varation in the
structural arrangement of the sugars present 1n the
LPS A few cross reactions between these LPS and
LPS of other chemotypes were also observed The
cross reactivity of LPS prepared from stratns Fev |
and F1 described previously (9) was thus confirmed

The study demonstrates that test systems based
on inhibition of IHA may be used for 1dentification
of F nucleatum O antigens Such idenufication may
prove valuable 1n immunochemical studies of LPS
of selected strains of F nuclearum

Serotyping of a microorganism based on its O
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untreated serum 2 major reduction in phagocytc
apacity was observed with O serum  Attachment
of anubodues to the PMN surface may block the
function of the phagoeytic cell either by covering
the surface of the cells of by stopping the ingestion
bcause of consumption of complement The
method used 1n this study 1s d on

performed on PMN and serum from the same
person To avold interaction between natural
antibodies and the test strain used in this investiga
uon the donor should have blood group AB or B

This study was supported by grants from Aorges
Al renskapelige Forsk d

complement for maximal operation (9) This 15 1n
acordance with the findings of Menzel er al (7)
wig human PMN and £ cokr By interaction
een bacteria and serum or cells and serum 10
our system  the concentration of complement may
be reduced 1f 50 reduced ingestion of the radiola
belled bactermm may result
When heat tnactivated serum was tested a ten
fod reduction 1 the uptake of E colt
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The standard period of incubation of PMN fest
bactertum and serum was 15 mun The monolayer was
then washed four times with chilled KRG to remove
nion ingested and non adherent bacteria All experiments
were performed twice with three parallels and serum
free controls were always included Phagocyuc activity
was esumated as described i detall previously (9)

Two different studies were performed one with
untreated and the other with heat inactvated sera (30
mim at 56 °C)

Statistical Analysis

The Wilcoxon W hite two sample rank test (6) was
used to evaluate the difference 1n the phagocytic capacity
of PMN from untreated or heat mactivated sera

RESULTS

The test strain was shown by slide agglutination to
react With antiserum from either of the suppliers
directed against 0 86 B 7

The results of the phagocytosis studies are
expressed as percentage vptake of radiolabelled £
Coli when full compatbility between cells and sera
within the ABO system was present The results are
given in Table | & 2 A percentage lower than 100
mdicates a reduced and a percentage over 100 an
tncreased phagocytic capacity

Using PMN from a person with blood group O a
mayor reduction was seen tn the presence of B
serum (antt A present) Using cells from an AB
donor a reduction to approximately 50% was
recorded when the serum used was incompatible (A
Band Q) This difference was statistically sigmficant
{p < 0 01) Using cells of blood group A or B some
reduction was recorded mostly by the vse of O

TABLE | Effect of D [ferent Untreated Sera on the
Phagacy tosis of Rad olabelled E col by Hunan FPoly
morphonuciear Cells

Blood group of cell donor

Blood group ol
Percentage phagocytic actyity 2

serum donor

A B AB o
A 100 84 54 91
B 80n 100 (313 80k
AB 96 105 100 91
o 75¢ 55n 420 100

when full compatbility was
’ ;’:‘r’:errtalv‘::sre ‘;le’:a:;ﬂjoﬂ% The other valves are the
antmetic means from si¢ observations
»—p<00l
¢ - p<005

174

TABLE 2 Effect of Different Heat Inactnated Serq or
the Phagocytosis of Radiolabelied E colt by Human
Polymorphonuclear Cells

Biood group of cell donor
Percentage phagocytic activitys

Blood group of
serum donor

A B AB O

A 100 118 11y
B 107 100 1284 138
AB 82 98 100 96
o 90 17 93 100
a See legend to Table |

b=p<00l

a=01>p>005

serum (ant1 A and ant1 B present) agamst B cells (p
< 001) The use of A cells and B serum also
revealed a reduced ingestive capability (p < 001)
(Table 1)

‘The other part of the study was performed n a
stmilar way but using heat mactivated sera Mo
statistrcally significant reduction 1 phagocytic
capacity was observed However using either AB
cells or O cells there was an increased upiake of the
bacterium  This différence was statistically signdi
cant (p < 0 01) when testing O cells and B serum
but questionable when B serum and AB cells were
tested (0 05 < p < 0 [} (Table 2}

DISCUSSION

The results show the importance of compatibility
withm the ABO system when human cells and sera
are examtned for phagocytic capacity The method
has been established by the use of standard pooled
human serum with reference to the ABO blood
group system However the problem of ncompa
tible antibodies mught be present though at 2
generally standardized level when the same serum
1s used within a group of expeniments Rnowing
that the PMN possess the same antigens of the ABO
types as the red cells (3 $) this problem could be
mimimized by the use of O cells

Another problems 15 the nature of the bacterium
The bacterium used reacts with anusera directed
against £ colt 0 86 B 7 The 0 86 antigen has been
shown to cross react with anubodies to the blood
group B substance (4 10) Thus natural antibodes
which are primartly of the IgM class occur
human A and O sera The antibodies may combine
with the bacterum and/or the PMN  Using
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Sero-epidennological studies on a few common virws infectsons including measles r:lhcllz( ;ne:rr;pj :n;i
vancella zoster were carned out on patents with multiple sclerosis (MS) and controls ma c‘ ! Uhﬂ'gl <
st and residences siace birth The frequency of antibodies agamst measles was slgmglu;u y leg e
e MS patients Where measles preceded the onset of MS the time interval varied from 3 to ry ars
In ™o ses known MS patients contracted measles 9 and 3 years after rlhelr onsil on us
Furthermore three MS pauents were vaccinated against measles as adults Two of these u;o hpa i
RHO messles vaccne tral m 1962 18 and 6 years after the onset of MS Both of them were

XIonegative prior (o vaccination

Key words Muluple sclerosis common viral snfections Iceland
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Much work has been carried out 1n recent years
O aertan whether mulupte sclerosis (MS) 1 a
‘12l mlection (5 17) Many workers have found
Hevated meastes antibody values in MS patients as
;f’ﬂvarea to maiched control groups (1 4 15 20
Loeland
sa g
provmaty

Baa.

from

15 2 country which 15 a high risk zone for

S 19 16) The population numbers
ely 200 000 Many common viral mfec
Quse clear and well-defined epidemics
N epidemics  the causal agents disappear
this population which ss not big enough to
D them acuve at ald umes Exceptions from this
Tule are viruses belonging 1o the herpes group and
Perbaps mumps (21)

The work reported here was carried out to see
®bether in this rather 1solated Population matched
Seroepidemiological Studies
Virus infections  includiy
and varicella zoster w
On the possible relatiot
and \S

on a few common
18 measles rubella, mumps
ould throw any further light
AShip betw cen these infections

Unuversuy of leeland v/Einiksgotu PO Box

Chinical and Epiderological Studies on MS n
Iceland

Studies on the chimical aspects and epidemology
of M5 1n Iceland over a period of 35 years were
carned out by Gudmundsson (7 8 9 10) Hiss main
results covering two adjacent 10 Year periods are
summarized i Table 1 These show that the ageat
onset was sigmificantly higher during the period
1956—1965 On the other hand the lower figures
for sncidence and misk durtng this penod are
possibly biased by higher age at onset and a shorter
period of observation

The ratio male/female of defimte and probahle
MS cases encountered duning the period 1958-| 972
was 50 79 (0 62)

There seems 1o be an accumulateon of cases 1n
Eastern Iceland 1n 9 famulies out of 129 more than
one patient was found Thus famyita] merdence was
7% when talcutated by mumber of families The
;\;{‘:ge annual death rate from 1946-1969 was
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Much work bas heen carried out in recent years
0 asoertain whether multiple sclerosts (MS) s a
¥iral mfection (S 17) Many workers have found
nvated megstes antbody values 1n MS patients as
g’;wmd (o matched control groups (1 4 15 20

teeland 15 2 country which 1 a high risk zone for
Msir 3 g 10 16} The popufation nurmbers
Iproumately 200 000 Many common viral infec

M cause clear and well-defined epidemics
Btheen epidemics the causal agents disappear
M this populauon which s not big enough to
P them active a1 a)) imes Exceptions from this
Ul are vicuses bhelonging to the herpes group and
Perhaps mumps (21)

The work reported here was carned out 1o see
Whether 1n this rather 1solated Population matched
Seroepdemiological studses o
irus infections including measles tubella mumps
and varicella zoster wopld throw any further light
©n the possible relationshsp betw een these infections
and \i§
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Chimcal and Epidenmological Studies on MS n
Ieeland

Studies on the clymical aspects and epidemiology
of MS 18 Ieeland over a period of 3§ years were
carried out by Gudmundsson (7 8 9 10) His mam
results coverng two adjacent 10 year periods are
summanzed 1 Table | These show that the age a
onset was sigmficantty higher dunng the period
1956-1965 On the other hand the lower figures
for ncidence and nsk during this period are
possibly brased by higher age at onset and a shorter
pertod of observation

The ratio male/femate
MS cases encountered dury,
was 50 79 (0 62)

There seems to be an
Eastern Iceland In 9 famy

of definite and probable
ng the period }958-1972

accumulation of cages 1n
lies out of 129 more than
Thus famteal wncidence was
by number of famyhes The

;‘;mge annual death rate from 19461969 wgs
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TABLE | Results of Climcal and Epidenuological
Observations an MS in lceland Dunng Two [0-Yegr
Pertods (10)

1946-1955 1956-1965

Years between onset

and diagnosts of MS 12 56
Prevalence at the Bothsexes 527 523
eng of period per Males 398 440
100 640 whabutants Females 657 607
Age at onset of MS. 265 316
Incidence per 100 000

nhabitants 3t 19
Rusk at age 10-50 years 53 34

MATERIALS AND METHODS

MS Panents

Professor K R Gudmundsson® kindly provided the
wrier with a list of all known patsents with MS alive i
Iceland at the time of this study (1973~1976) and gave
the author access to all his journals and records He and
the writer collected blaod samples from most of nis MS
patients and from MS patients in institutions for the
disabled 1n Reyhjavik and vicimty District phy sictans in
various rural areas collecied specymens from their MS
patients Thus it was possible (0 ohtatn samples from 70
patients 31 males and 39 females which was approxs
mately 70 \ of defintte and probahle M5 pauents alive at
that time  Each pauent way quesuoned about his places
of residence stnce harth and asked to give a detalled
history (including time and place) of the following viral
diseases measles mumps rubelfa vancella herpes
zoster herpes stmplex festons potiomyelius Barnholm s
disease meningitts and encephalius

Most of the patents were able to ndicate whether
they had had the first five diseases but had difficulty
remembering when they coniricted the itiness Measles
was by far the best rememhered siace five out of every
s1X patsents gave definite answers but only one out of

had lived for an equally long time n the place or places
Wwhere the MS patent had lived prior o the ansetof MS

In Iceland the importance of matching for hirthplace
and place(s) of residence 15 obvious Epudemics of
common ifections usually affect the densely poputated
part of Iceland the capital Reykjavik and vicimty Thes
da aat tecessarily spread much further and some areas
always escape Controls selected as described above were
thought to rule out the possibility that serolozical
differences bhetween the MS patients and the control
group could be accounted for by differences in age sex
and/or places of birth and residences

In order to find suttable controls the wrier
questioned blood donors other avallable healthy 1nd v
duafs and people hospitalized for minor operations
Those who matched a patent were accepted as controls
District physictans who provided sera from MS patients
were usually able 1o find controls for thew patentss By
these means 1t was possshle 1o match 42 pauents 19
males and 23 females

Collection and Storage of Spccimens

Blood specimens were collected tnta <tefile vacuum
contatners Sera were separated by centrifugation at 3000
rey/min for 10 minutes from Reyhjavik and vicmty 2
few hours after collection Specimens sent from sural
areas were nover more than two days old when
separated Sera were hept frozen at — 25 °C n sterife
vals

Test Methads

Complement fixation (CF) tests were carried out
agamst measles mumps and varicella zoster (4 7/
viruses cytomezalovirus (CMV) resprratory syneyual
virys (RSY ) and paratnfluenza viruses | 11 and Il The
tong fixaton method of Grist <t al was used (6) Sere
were diuted tn wwofold steps from 14 to 1256
Comptlement haemolysen CF antgens and CF contsol
antgens were obtamed from the Claw Lahoratores i
Scotland Sheep blood was purchased from the Insutute
for Experimental Pathology a1 heldur Reykjasih 2nd
kept tn Alsever s solulion for a period of no fonger than
10 days for each batch A 4 + reaction (no ly<rs of shecP
RBC) n the { 4 serum difution was the fowest reaction
considered positive if thre was complete Tysis of RBC i1
the well contaning the sam serum ditation and conteol

anugea
(HI) tests were carned

two patients could give definiie answers g the
other four diseases

Controls
The writer felt that for companisan of serologicat data

from MS pauents a carefully matched control group %as
needed Tt was decided therefore to find a healthy
indvidual to match each patem This control person had
(o be of the same sex and the same age (4 3 years)as the
A§ patient Furthermore 1t was wnsufere‘d ‘:;:i
important that such person pad the same mrihplace

-

* Deceased 1977

ot o detece rubela and measles antihodiey M) 613
tested hy the HI methods were pretreated by kaohin 23
and then $0 4 solution of the red blood cells was added
for absorptton of non spefic inhibstors The sers #erd
not tested for rhiumatond factor

The rubella haemagglutination (H\) antieen was
purchased from the Flow Laboratonies in Scottand
Pigeon red blood cells from a local colony i this
faboratory were used i the test The method was 2
microutration carried out as descrihed by the Flow
Lahoraries except that the antigen aptibody hinding sme
wasextended from § 1o 3! howss (3 231 Ture [ 20 was
considered the lowest positive value



The measles HA antigen and monhey (Cercopuhecus
aeth aps) red blood cells n 5% solution were purchased
from Behringwerhe AG m West Germany Dituuons
sere made 1n phosphate buflered saline (PBS) (6) at pH
17 and the mucroutrauon method was used The test was
performed by binding together anuigen and antibody at
¥1°Cfor 1% hours ples | hour at room temperature
10°C} After adding 0 §% suspension of monkey red
floed cells the plates were incubared at 37 °C for 1}
hours hefore the test was read Titre | 10 was considered
the losest posive value

RESULTS

« « o Nemnier wig companson of each pauent
th his matched control reseal any sigmficant
Merences

Two-thirds of the pavients and their controls were
sted for CF antibodues against the paranfluenza
mses The resubis are shown in Table 3
atbodies against these viruses were found more

TABLE 2 CF Annbodies aganst Mumps RSY €yt
and V Zoster in MS Panents and thewr Matched Controls

Mumps RSV an VZ
M5 C M5 C MS C MS C
Number
negauve 1406 4 7T 16 11 220M
Gtre<1/4)
Number
posiuve 28 24 037 M 26 N N9
(utre= L4
42 42 41 41 42 42 33 33

TABLE 3 CF Anubodies against Parainfluena Viruses
I 1 and 11l 1n MS Panents and Matched Controls (C}

Para Para Para
fien in sera from the patients but the positive titre whloenza  influenza influenza
dues were very simiar i both groups The vnss | wws b i 1
foportion of people lacking anubodies against
aramfluenza virus 1 was very high MS C MS € M5 c

Rutella HI tests did not show sigmuficant
Iflerences hetween patsents and controls Number

Companisons of \f$ patents and controls as PeEAtVE L
eards CF and HI antibodies agamst measles are fnre<1/39)
Hown 1n Tale 4 Numbes

In the measles CF test the log g

geometric mean S 14 a2
re (GMT) values were very similar in both f:"\g‘; 14) M
5’;_"?5 On the other hand there was a
“lllerence hetw een \MS patients and controls when
n 3
dstribution of positr es and negatives 1n the measles »r ¥
TABLE & CF and HI Anubod es agamst Measles i MS Patents and Matched Controfs
CF test HI test
MSpavents  Contcols MSpavems  Conrols
GMT tiog )
T LR 34 595 50s
Nurmher negativer
3 18 1 3
Number positive
—_— %y
a2 4 P 2

* Twre< 174 inthe CF test

Tire<1/5 n the HY test

V

.



TABLE 5 Daa on Mufuple Selerosis and Measles 1n 13 MS Panents and Controls

Age at Age at Years betwe
Pair onser tme of mbasleseanden Ties
of MS measles onset of MS CF
M-MS 14 23 9 years after 1116
c Motk onset of MS
otknown <1/4
F—Mg 17 7 o < Il;"
i <i/4
F-MS§ 18 8 10 1/32
< I 1/16
M-MS 21 10 " 178
F-Mg 24 ’ s’
Vace 18 years after 1/8
onsetof MS
C Not known 144
M-MS 25 17 8 1/16
C Never had <1/4
measles
M-~-MS 28 21 7 /16
C 39 1/4
F~MS 29 26 3 1/8
C 23 1/8
F~MS 3 14 17 1/16
c 13 1763
M-MS 32 19 13 1/3
C 17 1016
F-Ms 34 21 13 1/8
p 2 116
F-MS 36 Vace 6 years afier <174
onset of MS
o} Notknown <4
ES a8 19 2 17128
ps 14 <1/4
M =males F=females C-control Vacc - vaccinated against measles

CF test was compared by the chi square method
(00l < p < 005 In the measles HI test the
difference hetween GMT (logs) of MS pauents and
thesr matched controls was almost twofold Some
authors constder a twofold difference m GMT sig-
mficant (22)

When measles anubody utres of wmdividual pars
- nooL

e I N

pairs did not show such difference the MS patient
had a sigmficantly higher titre in 12 paws and the
control 1n 2 pairs The same applies to 18,15and 5
pairs, respectively, when the HI anuibody titres were
compared Four paus were excluded three because
the patient had been vaccinated agamnst measles and
one because the control had never had measles
Table 5 shows examples of yndvidual comparn

son of MS pauents and therr maiched cot
mcluding the age at onset of MS and refation
fustory of measles For those who had m
before anset of MS the shortest tme between
events was 3 years and the longest 32 years

Two pattents a father and a daughter both
defimte diagnosis had natura) meastes alie
onset of MS The father had measles n 1916 ¢
age of 23 9 years affer the onset of MS Heis
seropositive The daughter had measles mn 19!
years after the onset of MS Blood samples ¢
not be obtained Both father and daughter were |
and have always hived in Eastern Iceland These
patients and a few others not included here
simifar history of measles infection were hnt
before this study was carried out (8)

Three patients (females were vacoinated aga
measles after the onset of MS Two of them t



TABLE 6 Measles Epidenucs i Jcetand 18461965
e e

Years Cases segsstered
e
b Doy knawn

iy Not known
1908 7391

(1917 4691

194-1926 6125

198 1929 5319

19351937 8324

19131944 7156

1946 1048 4796

1551-1952 724

1953-1938 8183

19581959 7102

(3611964 7406

Rt in 2 WHO measles vaccine tnal in 1962 and
were tested for measles HI anubodies before
admmstraion of the Ine vacone (Enders Edmons
ton B}{11) They were seronegauve and reacted 10
tevacenation with fever rash and seroconyersion
s eonfirmung hat they had never had measles
Many seronegauve members of their famlies and
feghbouss were vacumated m the same vagtine
2 These (o women were born 1n an isolated
furd area 1n North East lceland and have always
Ined here The ofder had onset of MS when st
R 24 years old which was 18 vears before the
meagles nacewanan, The younger ane had ouset of
MS when aged 35 which was 6 years prior 1o the
‘acnation

The épdemiclogy of tmeasles 1n Teeland 1s well
MR 421} The first epsdenmc occurred sn 1346 as
OTthe Faroe [sfands (19) Dates of the math measles
Pdemics are shown tn Table 6

When gatients and comsols could gwe exact
wlosmayon concerning the year they bad had
Measfes 1t could be connected 1n most Cases with

W apdinins Mo of i wartinr epieris wWh
$me ryral ageas untouched espectally the North
Exgtern and Eastern parts of fecland where measles
Yaanation of adults his been carried out extens:
oy since 1962 (11 A1) Between epideriss the
Virus disappears from the Ieelandic poputanon
Since 1965 measles vactine has heen widaly used

and the di pattern 15 ly
Shanging

DISCUSSION
The results presented herz are g most aspects
wmtlar 1o those of many other 2mhors 1) 3 20
2 A difference betwcen MS patients and contrats.

ss found as regards measles antibodies The most
= mmnetar s this

>

than controls were posiuve {utre 1/4) 1In we
measles CF test but still 19% of the patients were
negatwe The wruer 15 aware of only one paper
where the ratto between negatves and positives in
the CF te<ts 1s menuonéd bul simolar tesulis were
obtained 1 that report (20)

21 ([t 15 assumed that measles mevtably precede
the onset of MS 1L is terestng 10 note the great
variation in tme hetween the two events 1 these
pauents (Tahle 5) the shortest period being 3 years
and the longest 32 years It may be worth while to
compate this time interval with the fate of a known
<low virus Wt it5 ratural host e g sheep woculated
mitracerebeally at the same time with the same
amount of visna virus (13 14) 1n these wisna
experiments the dawe of onsel of ¢hmeal yisna
differed considerably and vaned from 3% months
1 10 years

3) The most tnteresung poinlin this work s that
some paitents did AOY comract cumica) fmeasles
hefore the onset of MS For the two persons who
1ok part 10 a WHO measles vacome tnad in 1962
after the onser of MS neganne resulis of serologieal
Testy priof 10 the vactination are avaitable 443)

“These serological resyhis seem to be Corren since
the pauents reacted t the measles yaccination wih
fever and rash during the second week It 18
generally agresd that sub-clinical measles infections.
are very rare It was found in the W HO vaccine tria)
m 1962 that e hustory of those in rural lceland
who denied having had measles was relable jyn all
cases {110

The Icelandic expenence mdicates that MS can
occur with high inCidence in the virtwal absence of
canine distemper Canmne distemper has ot been

!
r

R,
tne eastern regron where the incdence of MS 5o
bighest was imohved to a small exient 1n the
outbreak of 19411942 (18)
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A RUBELLA HAEMAGGLUTINATION INHIBITION TEST
NOT REQUIRING REMOVAL
QF NON-SPECIFIC INHIBITORS

1 Elaboranon of the Tesi

GUNNAR HAUKENES

The Gade lastiute  Department of Microbiology Untversity of Bergen Bergen “orway

J of non specific
Haukenes G A rubella hsemagglunnation nhibition test Aot TequIring rémova
mhbwors | Efaboration of the test Acta path mucrobiol scand Sect B 87 385-339 197y

The rubeita baemagelutination 1nh bition (HIY test can be smphified and the problem of non specific
Infubitorg circutented by alfowing the haemagglutinm to react wath erythrocytes hefore addsion of
the serum specirmen The elaboration of the test procedure 15 described and prelimunary studses sndicate
tat the new method may prove useful both n the diagnosss of rubella nfection and for deterrmnation

of immuntty status

Rey words Rubelta

infubition test

Gunnar Haukenes Atiktobiologusk avdeling MFH bygeet N S016 Haukeland sykebus Nosway

Aeesied as submtted 29 vi 79

The rubella baemaggluunanon nhibruon (HI)
WU (9) has been used widely for

the viral haemagglupmin There 15 however oge

4agn055s of rubells infecuon and assessment of
immumty status Several modifications have been
Pronosed to render the test more rehable The mam
Froblens 15 the presence 1n all sera of non speafic
othitors of haemagghutination (HA) False positive
feaions due to ncomplete removal of inhibitors
Bise been reported for most methods Moreover
B negatne reactions due 1o

mam duffe n between the HI test
and those mentioned above in the laster the viral

w libr L Wil aniubody tor the haemagglunnin myst
be incorreet The only explanation is that the
NIbItOEs act by iterfering with the binding of the

femovat of anubodies Mave been claimed 10 gecur
A o~ e,

i - - M
o -
s

h W mpdies for the determination of specific
8\ One mapor adsantage 15 that non specaific
hybitors do not nterlere tn these pow methods

1S 1S quite remarkable Singe the antigen used 1s

w the erythrocy If therefore
the Raemagglutinint 1s alfowed 1o Teact Wwith the
erythrocytes before serum 15 added non specific
whubitors will not imflyence the reacuon between

haemaggluunin and antibody However the sisk of
A or

ofenth ’

188



MATERIALS AND METHODS

Rubella Virus Haemagglunmn
This was obtaned from Behringwerke Marburg

Lahn West Germany It was a Tween 80 ethylether
extract of baby hamster kidney (BHK/21) cells and gave
an HA titre of 128 to 256 with the four types of
erythrocytes used (see below) Haemagglutinin prepara
tions from other producers (Grand Island Brological
Corporation VR 350 DL. Wellcome V4 01 Microbiolo
gieal Associates 30-9591 Flow Labs and Orion
Diagnostica D 448 and D 868) gave 1dentical results 1n
the HI test

Sera

Al sera were specimens sent to the routine labora
tory They were examined either in fresh state or after
storage at =20 °C and were heat inactivated {56 °C 30
mun) before use

Erythrocy tes

Sheep erythrocytes were employed for the develop
ment of the new HI west They were stored at 4 °C n
Alsever s solution for up to one week The working

dures The other reagents were made up 1n the HRpgg
buffer described above The final pH i the Fedogon
muxture was 6 5 Four HA units were used Under tpecy

d al65% gty
Stockholm) gave an HI titre of 640

Floatation Centrifugation

This was performed as described 1n (4) In briel \,
was added to the serum to give a denstty of 1 30 AN,
solution of density 25 was placed over the ser
After centnifugation at 100 000x g for I8 k top ;
bottom fractions were examtned

EXPERIMENTS AND RESULTS

HI by Antibody Negatne Serum

If non specific inhibitors nterfere with 4
binding of haemagglutinin to erythrocytes higy,
HI titres nught be expected 1f an antibody negat;
serum 1s added to the erythrocytes prior 10 {
haemagglutinin

Furthermore no HI would be recorded if v
1s allowed to react with

was cally at
542 nm Comparable studies were made using erythro
cytes from newly hatched chickens from human cord
blood and from human blood group 0 individuals The
latter erythrocytes were pretreated with 0 1% trypsin
(Crystalline Novo Copenhagen) for one hour at room
temperature

Buffers

Kaolin was suspended in borate salme pH 90
Otherwise the dilunt was a 25 mM HEPES buffer made
1sotonic by NaCl and supplemented with 10 mM Ca2*
and 4 mM Mg?* In the standard Hl rest 0 25% bovine
albumin was added to the buffer just before use and the
pH was adjusted at room temperature to 6 2 (note that
e 0ty 10 MEREF L — PN e ke i GJHT
procedure no protein supplement to the buffer was made
except for HA utration when 00025% gelaune was

added

Standard Hi Test

Serum diluted | 10 was absorbed by kaolin (Flow
Laborataries lrvine Scotland) at pH 8 5~9 0 (8) and
to standard proce

fter by ery y

erythrocytes beforehand Table 1 shows that t
proved to be true

d Enthrocytes |

Intirh,

of HA of Se
Antibody Posutne Serum
To study the effect of antibody on the agglutiy
tion erythrocytes were sensitized with differey
amounts of haemagglutinin  The serum U
showed an HI titre of 320 by the standard ¥
method The checkerboard utration 15 shown y
Table 2 A sub agglutmatng dose (0 5 HA umy
does not sensitize the erythrocytes for agglutinatiy
by antibody Eight to [6 HA units were required
obtain an nalrecy 1 Wiar o ard & anis
haemagglutimin were used antibody inhibited the
agglutination as in an orduary HI rest
Erythrocyte suspensions sensitized by [ to 32
HA units were examined by microscopy No tfe
ion or only an 1 agglutinate of 2
to 4 erythrocytes appeared when doses of up 10 §
HA units were used With 16 and 32 HA unil§

TABLE 1| [Inhibitor Ture of an HI Antibody Megaine Serum when the Reactants were Added ar Different Tumnes

:::‘:n?g;uunm 30 min erythrocytes HI 80
Seru}:‘n +15 30 mmn haemagglutinin HI 320
erythrocyte:

Haemagglutmin + S cerom <10

erythrocytes




TABLE 2 The Effect of Ant body on Enythrocytes Sensut ed by D [Jerent HA Units

Serum dilution

HA varts 10 20 40 80 160 320 640 Buffer
i z N z z - - v aes
: Z Z z - - ++ 4 4
; Z z : - - e EREs 4
] +4 4 +t+ 4+ 4+ 4+ 4 .+ s
Buffer - -

70 agglutination (HI)
+ 10 44+ agelutmauon (HA)

\nereasing amounts of true agglutinates were found
Two mechamusms for the HI are possible antibody
may elute the haemagglutmn from the erythrocy
s, OF 1L may cover the haemagglutiim on the
erythrocytes To examine this an agamst

of 4°C and the presence of divalent 1ons (Mg”+
andfor Ca?*) For titravon of HA albumin or
gelatine had to be added for the sedimentation of the
erythocytes  Protemn was not added when the

him2n [5G was added 10 those reaction mixtures
Much showed HI with 4 HA unts The HI was
bereby converted to an mdirect HA with visible
cumps of erythrocytes thus indicating that 1gG
%2 bound 1o the sensitized ery

ery yies were since this increased the
tendency to non speaific mhibition 1n the final HI
test Erythrocyte concentration giving an absor
bance of 08 at 542 nm corresponding to about
028% proved opttmal It is essential that the

Y

ELABORATION OF THE TEST
PROCEDURE

Source of Evy throcy res

Almost idenucal HA and HI tres as shown n
Table 2 were obtamed using erythrocytes from
et newly hatched chucken and human cord
thod and with trypsinuzed human O erythrocytes

€ 165t was elaborated with sheep erythrocytes
Bince these were alw ays readdy accessible and were
Tess prone to non-specific nhibition with some
tibody negauve sera A drawback. 1s the need for
bsorpon with the erythrocytes

In contrast 1o the findings of others sheep
rythrocytes could be used without Ppretreatment be
1Psin (6) since this treatment did not ncrease the
Seasttivity of the HA test. Moreover although the
Yaemagglutimn @ as maximally active a pH § 2 as
found with other erythrocytes we dit not find 1t

;"mary 1o use HEPES buffer as claymed by others
7)

Sensitt anon of Erythrocy tes
The conditions for optimal sensizaton Were the
ame as for the HA test ie pH 62 5 temperatare

1S measured 1cally at
every set up

The effect of incubation time of erythrocytes and
haemagglutinin with regard tn ! mn na ~¢

N

The New HI Procedure

Pilot experiments revealed three procedural con
dions for obtamning optimal results

1 Use of V microtitre plates instead of U plates

With the latter an inereased tendency to

indirect HA at low serum dilution was
observed
The buffers should not be supplemented with
albumin or gelatine as these Pproteins caused
non-specific mhibition with low serum dilu
tons Even at hugh serum dlutions (640)
there was enough protern to secure easily read
HA patterns
Sensitized erythrocytes must be incubated
with serum ar 37°C p¢ lower temperatures
©s decreased and the sedimen
120N pattern was often dfficult 1o read

Based on the piiot eXperiments the following
procedure 15 proposed

~

-

1 Heat mactivation of $2um (56 °C 30 mup)



HI titre
128

64

4 14
Fraction no.
fig [ Floataton centrifugation of an HI anttbody-
positive serum
0——0o Standard procedure (except that kaolin treat-

ment s omitted)
« New procedure

2 16

2 One volume of 4 HA unus of haemagglutinin
1s mixed with two volumes of sheep erythro-
cytes suspended o give an ahsorbance of 0 §
The mixture ts incubated at 4 °C for about 30
™

Serum 1s diluted | 10 (25 pl of serum and 225
wl of 10% sheep erythrocytes) and shaken 1n
an jce-water bath After centrifugation to
remove the erythrocytes, senial two fold difu-
tions of the serum are made 1n 25 ul volumes
Addwion of 75 yl of sensiized erythrocytes
Two microtitre plates are usually prepared
d during b: for 10n

w

IS

heforeh

ready for the additton of sensitized erylhrocy
tes Incubation at 37 °C for 60 min

5 Readings of pattern are made 1 the Vsugl
way, after the 60 min incubanion at 37 °C, o
after further sncubatton at 4 °C

Frelimnary Results with the New HI Procedure

Floatation centnfugation of an antibody-posty
serum showed that the new method measuy,
rubella HI anubody but did not measure ny
specific mhibttors (Fig 1)

A panel of 561 sera from the routine matey,
was examined in paralle] using the standard and
new HI procedure (Table 3)

There was relatively good correlation between i
two methods Sera which differed considerab
were re-examined They were prediluted m tuhe
and aliquots of each dilution were transferred to th
microtitre wells With this procedure. no differsn
ces of more than a one-titre step were observed Th
new method was slightly less sensittve than I
standard HI method

Table 3 shows that the titre differences wer
greater with high-titred sera The reason for thy
was that less matenal was transferred by the
microtitre loops When the serum had not been
treated with kaolin Using mucropspettes instead of
loops, the results correlated weel There 15 no dosbt
that both methods measured the same anubody

Occastonally an indirect HA was observed 2t low
serum difuttons, independent of the HI uitre of the
serum This was obviously due to impurities m the
haemagglutimin preparation

Studies are 1n progress comprising a half-year

routme material which wiil be examimed Y &
indirect HA test (»Rubacell«, Abhot Labs ) 1n order
to reveal possible false negative and Talse posise
reactions In doubtlul cases hagmotysis mn gl wed
floatation centrifugation wiil be performed

TABLE 3 HI Ture of Serum Specimens by Standard and by New Rubella Hf Procedure

Standard procedure

New procedure <10 1g 20 40 80 160 320 640
[ 0 0 0 | 0 0 4

f gg 0 [\ [ 0 [} 0 [ ¢
30 0 [ [ 2 15 35 15 6

o 2 9 74 18 39 19 5

;0 15 H 28 40 15 9 4 0

0 7 2 3 3 0 1 0 0

lo 86 s 1 0 [ [ [} s




DISCUSSION

The present results show clearly that non speaific
uiDitors of rubéiia virus HA @0 not compete With
andbody W hen the haemagglutinin has reacted with
the enythrocyte beforehand

The exart chemical basis for the mhbition 18 not
koosn. We have shown earher that all classes of
Tpoproteins bt rubella HA and the mhibitory
oy d sappears When serum 18 treated with
phospholipase C (2} The inhibitor site of the
Lpoprotein molecule must therefore reside 1 the
phosphatidy| residue at the C3 posttion of glycerol
te the hydrophilic part of the phospholipid
molecule The haemaeglutinint is also a ipoprotein
Trestment of the haemagglutinm with phosphols
pase C has no effect of the HA property or the
buding of nhibitors whereas treatment With
wnvpsin destroys the HA property (3) The infubitors
T2y Teatt with that part of the protern which s
fesponsible for the HA activity or with nearby stes
Atiempts have been made to block the nhihitory
Teoetors Lecytun blocked the HA acuvity (2)
bl the phosphauds | residue from lecithin had no
effeton the HA activity or the binding of inhibitors.
() We have thus not been able 1o modify the
haemiagglutinn S0 that it 15 non reactne With

i tors

How the lipoprotern molecule 15 organized 1 the
%20 80-ether extracted (5) rubetta haemagglun
n preparation 1 not known Receptor sites for the
Muhtors are no longer exposed on the haemagglu
Lt when bound 1o erythrocytes  while the
usenic determinants are sull free to react with
itibody

The new HI procedure propased here represents
24 important simplification of the test Attempts at
farther simplification by using human erythrocytes

and thus avoiding the erythrocyte absorption step
have not been successful as yet Human erythrocy
tes are more prone to nop specific mnhibiuon than
sheep erythrocytes Sheep erythrocytes on the other
hand are more readily sensitized for indirect HA
than human erythrocytes
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HI titre
128

64

2 4 14

Fraction no.

Fig I Floataton centrifugation of an HI antibody-

positive serum

o——o0 Standard procedure (except that kaolin treat-
ment 15 omtted)

e New procedure

16

2 One volume of 4 HA unts of haemagglutinin
1s mixed with two volumes of sheep erythro-
cytes suspended to give an absorbance of 0 8
The mixture s incubated at 4 °C for about 30
mm

Serum is diluted | 10(25 ! of serum and 235
plof 10% sheep erythrocytes) and shaken jn
an ice-water bath After centnfugatuon to
sena ¢ the erphvocyles seral v o-fald dely-
tions of the serum are made in 25 pl volumeg
Addition of 75 yl of sensitized erythrocytey
Two microtitre plates are usually prepared
beforehand during incubauon for sensitization

[

N

TABLE 3 HI Titre of Serum Specimens by

ready for the addstion of sensitized erythrc
tes Incubation at 37 °C for 60 mm
Readings of pattern are made 1 the v
way, after the 60 min mcubation at 37 °C
after further incubation at 4 °C

v

Prelimunary Results witk the New H1 Procedure

Floatation centrifugation of an antibady post
Serum showed that the new method measu
fubella HI anubody but did not mezsure nu
specific inhibitors (Fig 1)

A panel of $61 sera from the routine mater
Was examined 1n paralle] using the standard and 1
new HI procedure {Table 3)

There was relatrvely good correlation betweent
two methpds Sera which doffered considerst
were T d They were pi d n b
and aliquots of each dilution were transferred to t
nucrotitre wells With this procedure no differe.
ces of more than a one-titre step were observed T
new method was shghtly less sensitive than
standard HI method

Table 3 shows that the titre differences wel
greater with high-titred sera The reason for th
was that less material was transferred by th
mucrotitre loops when the Serum had not bee
treated with kaolin Using micropipettes mstead ¢
loops the results correlated weel There 1s no dovt
that both methods measured the same 2atibody

Occasionally an indirect HA was observed atlo®
serum dutions ndependent of the HI utre of
serum This was obviously due to mpurities in th
haemagglutimin preparation

Studies are 1n progress comprising a hall yext
routme macel wiich wil be examned by 20
ndirect HA test (wRubacella, Abbot Labs } i ordet
to reveal possible false negative and false posine
reactons In doubtful cases haemolysis wn get and
floatation centrifugation will he performed

Standard and by New Rubetla HI Procedure

Standard procedure

New procedure <10 10 20 40 80 160 320 640
) 0 0 0 1 ] o 0

32?, 0 0 a 0 0 0 0 0
30 )Y 0 [ 2 I5 35 25 6

© 0 2 9 74 88 39 19 5

2 15 12 28 40 1S 9 4 0

7 2 3 3 0 ] 0 °

10 p 1 0 0 0 0 0

S
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BRIEF REPORT

HE CULTURAL
COMPARISON OF TWO SELECTIVE MEDIA IN Tl
DIAGNOSIS OF GONORRHOEA

Per Len Svana and Johan A Mutland

Department of Microbiology Trondheim Regional Hospital University of Trondheim Trondheim
Norway

Swana P L & Maland J A Companson of two selecuve media 1n the cultural diagnosis of
gororThoea Acta path mucrobio! scand Sect B 87 391-392 1979

A nchocolate« agar medium {CA NCV) comatning nystatn colistin and vancomyemn was compared
with the MNYC medium which contain hincomycin colistin amphotencin and tnmethoprin A total
of 277 climcal specimens were cultured for gonococet and 120 of these showed positne cultures on
tither or both of (he media The \MNYC medium detected 96 6 per cent of the total number of posiuve
Cultures and 925 per cent of the patients and the CA NCV medsum 80 and 79 per cent respectively
Nearly half the postuve cultures were detected on the MNYC medium after 24 hours of incubation It

s concluded that the MNYC medium 1s superior 10 the CA NC\ medium in the diagnosts of

gonorrhoea

ey words Gonorrhoea cuttoral diagnosis selective media

Per Lew Svarva Department of Mucrobiology Trondheim Regional Hospital N 7000 Trondheim

Norway

REXNed 19379 Accepted 8 15 79

Isolavon of gonococer by culture (s important in the
438055 of gonorthoea and many different culture
2 have been used for ths purpose »Chocolatew agar
€AY medua are used widely The selective medium of
Thaser & Marun 15 contains nystaun (N} colisun (C}
nd vancomycin (V) The 15olation rate of gonococc was.
IncTeased when lincomycin was used mnstead of vanco
AN and inmethoprim lactate was included 1n the
medum (&) ta 1973 Faur et al (4 3y developed the
N York Ciy INYC) mediom and showed that this
Provded furariant growth of gonococes within 24 b of
oeubauon  Young 47) deseribed modsfications of the
MC medwm (MNYC) and wncluded  hincomyein

C metwm was more

cMicient than the Thayer Marun mediam 1 the duagnosis

of gonotrhoes

This study was designed (o co
the CANCV medsum used hu
1of the cultural diagnosis of go
AUAN Vol

mpare the efMficiency of
therto in our laboratory
northoea with that of the

Materials and Methods

A total of 277 specimens from 157 patents 5%
women and 98 men were analysed The specimens were
obtamed from outpanents examined at the Chuic for
Venereal Diseases Trondheim Specimens were taken
from the urethra cervix and rectum of women and the
urethra of men using charcoat impregnated swabs and
Start ransport, mediam

The CA \NCV medium contained GC mediu;

m base
{Difco) supplemented with ane ner rane o a . .

Y SPORIN 23 per cent (v/v) of @ yeast
 Prepared as decrived by Four ef af (2) 0 03
Wi,

w
dualysate
per ran
metl
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ROSCOPF STUDIES
TOYOPLASMA GOVDH SCANNING ELECTRON MICI
ON THE SMALL INTESTINE OF INFECTED AND UMRFECTED CATS

W M Hurchison! R M Puulo® S J Ball®> & J Chr Sum?

Glasgow  Scotland  2Riology
fBiology Department Unwversity of Strathclyde George Street
Dt‘:aﬂgmy:nl rlT’\nnh East London Polytechmc Romford Road Londan E‘E\gland and S‘EAO}\\ Ho
Coltaborayng Centre for Rescarch and Reference 1n T Statens

Denmark

Huctison W M Puulo R M Ball S J & Sum J Chr Jovoplasma gondis scanmng electron

Icrosenpe studies on the smalk 1ntestine of nfected and uminfected cats Acta path mxrobiol scand
Sect B 87 393-395 1979

The mucosal surfaces of vills from the small intesune of cats mfected with Toxoplasma gondu were
Studied with the scanning electron microscope and compared with those from unnfected control cats
Ta uninfected eats vills were predomunantly leaf shaped and were lined Wwith ridges goblet cell openings
uld b seen The enterocytes had a hexagonal surface outhne and were dome shaped Infected cats
had both siormal and abnormat villi Inyured willi were shortened and attained a broad feaf shape often
Bith blun edges Enterocytes conaiming oocysts were enlarged and microvills were resolvable onty on

these surfaces Ruptured cells from which parasite discharge had occurred were seen Oocysts were
observed and possessed a smooth coat

Key words Tovoplasma gondnt pathology ultrastructuré scanming electran microscopy

W A Hotcluson Department of Biology Unnersuy of Strathelyde George Sweer Glasgow Scotland

Rectived 75y 79 Agoepted 6 x 79

Totoplasma gondu 15 a cocadian parasie of the
Somestic cat within whose smal) tntestine schizogony
4 grmerogony Jeading 10 oocyst production occur (5}
The advantages of he SEanming electron MICroscope over
e dissectung microscope 1 the study of ntesunal
nuwsae have been adequately demonstrated (1 3 6 10
" Recently this techaique has been used 10 study
lamage 10 the mtesunay tracy by cocqidian parasites of
hickens (29 12 13 14) and twrkeys {7} This report
Yals wuh ihe surface of the intesunal mucoss of the cat
18 the disruption caused to 1t by Toeoplasma

Ma enats and Verhods

T%a grains of Towplasma See used namely
Statens Seruminsutut Strains 119 and 178 both were
AT Stered a% UsWUE CYSIS 1 brains of experimentalty
lected msce  hich had Been dye test negauve prior to
wiection Two specilic pathogen Iree (SPF) cats were
%4 fed appeouimately 75 000 ussue <ysts of a mivare
of these 1w o strains Two other uninfected SPF cats acted
3 controls One infected cat was kilfed at the

commencement of 00syst Production together with an

uninfected control  The remaiming two cats were

sacnificed four days after oocvsis £ovld no longer be

detected i the faeces of the Infected yndividual Pieces of

the small intesune sivated 10 cm fram the ieocecal
Feat e -

tanw

sulis tien Lliueal pomt dried After mounting on stubs.
whih were then costed With gold the ussues were
examned on a Phulips 501 scanning electron micrascope
Results

Uninfected comrols Vil are lon
the majonty are leaf shaped (Fig 1) pur numerous finger
shaped villi are present On the surface of the villy are.
RUMCTOUS aperiurts which correspond to goblet cell
openings (Fig 1 & 2) ocasonally seen plagzed wap
mucus tFig 2} \umierqus TZES the maor 1w af b

g and close packed



TABLE | Cluucat Specimens Cultured Jor Neisserra

gonarthoeae on two Dyfferenr Selectne Media with

Number and Percensage (in Brackers) of Possme Cultnires
Obtamed after 24 or 48 b of Incubanon

Medium 24 43
CA NCv 26 (21 6) 96 (80}
MNYC 56 (46 6) 116 (96 6
CANCV +

MNYC 56 (46 6) 120 o0y

—————

composition 1s different from that reported by Young (7)
who used 0 1 per cent glucose 1n the medium

All specimens were plated on each of the culture
media on the day taken The medsa were incubated at
36 5 °Cina candle jar for 24 h and exanuned for oxidase
poswtve colonies Negative cultures were reexarmned
after 48 h of incubation Gram negauve diplococc! were
wentified by carbohydrate fermentation testing using the
fermentation medium described by Fhan & W aukins (3}

Results

Gonococel were 1solated from 120 of 277 specimens
(Table 1) In all 96 6 per cent of the positive cultures
were détected on the MNYC medium and 80 per cent on
the CA NCV medium This difference 15 statsucally
significant (p < 001 Chi square test) Nearly half the
posive cultures could be detected on the MNYC
medium after 24 h of incubation which was conside
rably more than could be detected on the CA NCV
medwum From 20 specimens gonococct grew on the
MNYC medium only and from 4 specimens on the CA
NCV medwm only Gonorrhosa was diagnosed by
culture 1n 94 pavents 87 (92 5 per cent) by use of the
AINYC medium and 75 479 per centS by the CA NCY
medium  The AINYC medim detected more posiive
cultures than the CA NC\ medium both 1n men and
women and more positive cuftures regardless of the site
from which the specimens were taken The two media
were about equatly effective 1n suppressing the growth of
other bactera

Duscusston
The tsotation rate of £on0cocct oa the MNYC medium

was 16 6 per cent higher than on the CA NCV medium
and 13 § per cent more Of the Patients with gonotrhaea

were diagnosed by means of the former medwm Thus |
the MNYC medium substantselly improved the culiural
diagnosis of the disease The results obtained compare
favourably with those reported by other in estigatorsid)

The CA NCV medium contamed vancomyen 10 a
concentration of 3 pg/ml that may mhibst the growth of
a few strains of gonococcr (4) However Young {1
showed that strains isolated on the MNYC medium by
not o the Thayer Martn medium contawing vancony
ain {4 pg/ml) usually showed no increased susceptibsht:
to vancomycin The increased isolation Tate on th
MNYC medium 15 probably due to a better nutritiona
value than that of the CA NCV medivm This explana
11on Was supported by the observation that many mor
gonococcal strains showed visible colomes after 24 ho
neubation on the MNYC medium than on the CA \CY
mediwvm Thus use of the MNYC medium may enable ¢
more rapid culwral diagnosis of the gonorshoed
Unfortunately none of the two media will detect afl
patients with gonorrhoca 1f feasible the combined useof
culture madia would be preferable

Faur et al (1) reported that glucose showed 3
stimalaung effect en the growth of gonocoeer up o an
addttion of 0 6 per cent (w/v) We used only 002 per
cent of glucose 1n the MNYC medwm This was based
on the observation that gonococct showed good growth
even with this small quantity of glucose and that gromb
of contaminating bacteria was much less prominent than
with medsa contaiting 0 | per cent glucose as used by
Young ()

The optimal concentration of glucose 1 the MNYC
medwm used for culture of cliucal specimens st
remamns to be fully elucidated

Since the MNYC medium has advantages over the
CA NCV medium in the diagnosis of gonorrhoed we
have changed the routne methuds 10 our lsboratery

accordingly

References { Faur + € Hesturd i # 4 Halson
A E Health Laboratory Science 10 55-60 1973 =2
Faur ¥ C Westurd 4 # Heison ¥ £ 4 Y P
S Health Laboratory Suence 10 43-54 1973 -3
Fim § & Baukins S 4 3 Clip Path 25 525-527
1972 ~=4 Ron A & Benpon Af B Bt J vener
Dis 48 363-363 1979 S Thmer J D & Marua J
£ TPublic Health Repors §§ 559-562 1966 = 6
Odugaard k Solberg, A O Lud J Mihre 6 &
Miland B Acta path microbio} scand Sect B b4
301-304 1975 7 b ime #f Brn J wener Div 84
36-40 1978



Ies show a hevagonal outline and are dome shaped
ippearance (Fig 2) At hngh magmifications enterocytes
have an uneven surface although separate microvilli were
not resolvable

lnfected cats Healthy villi are always recognizable
but were more abundant in the cat that had ceased oocyst
production Tnjured vills are usuaily shortened and have
1 tendency to attain a broad leaf shape often with blunt
edges Enterocytes containing a parasite are swollen (Fig
3 ofien 10 the extent that separate microwillt can be
sesolved on the cell surface {Fig 3) After the rupture of
snterocytes permitting the escape of parasites apertures
are observed with the Temans of cefl membrane and
cyoplasm at the edges (Fig 4) Discharged oocysts
possess a smooth surface (Fig 5} Erythrocytes are
ocxasionally observed on surfaces of villi

D scussion
-

fesponsible for the fir iree appearance of villi i
Hustological sections (8} and this 15 afso the case with the
Gt The pronounced ridges seen at the vills tps represent
e apical extrusion zone The hexagonal outline of
SNETOCYES 15 well documented m scanming electron

Morphological alteration of the mucosa varies greatly
The degtee of alterauon n the cat would appear fo be
shght in comparsson to Ermerca brugett m the chuck, for
cxample which causes complete destruction of the villy
ofthe eum (14) Flattened and shortenied villi have been
Teponted 1 £ acersufina mfection of the chick (9 14}
The appearance of shortened vttt 1n nfected cats Is 1n
agreement with transmission electron miCroscope studies
4 Both mucus and surface coat are known to prevent
tsalution of sndividua) microvilh (10} Since the cat
imesunal mucrowilh are known to have a prominent
Surface coat (6) we did not expect to resolve individual
Mcrovilh The fact that we were able to observe
1nd vidual microvili 1 infected enterocytes is probably

due 1o the cefl being swollen resulting in the microwilh
being separated more than normally In addimon the
microvilll of enterocytes of T gondu infected cats are
known to show shoriening i relaton to parasie
distribution in the smatl intestine (4) and these shortened
microvilh may have Jess adhering mucus after tissue

The of erythrocytes in the smal
tntestme may be due to shght haemorrhaging but
accidental contarnation of the tissue with blood may
have occurred at autopsy

W e are indebted to Professor Norman W right for the use
of scanning electron microscope facsiiues at the Depart
ment of Vetennary Anatomy of Glasgow University
The valuable assistance and ¢riucism from Mr J F
Dunaciue and the marntenance of the SPF cats by Mr J
Kers are gratefully acknowledged W ork at Strathclyde
University was supperted in part by the I # Ross
Foundanen (Scottand} R M P w2 supported by an
Agricultural Research Council Grant
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Figures | 5 are scanming electron micrographs of the intestinal villi of SPF cats Figures 1 and 2 are from umnfected

cats and Figures 3 S are from cats infected with 7 gond:
A «single bar (-) on a micrograph represents 2 um and a double bar (

) represents 10 pm The following
abbreviations are used throughout A apcal extrusion zone E  enterocyte G goblet cell opemng
ruptured enterocyte M mucus O oocyst S enlarged enterocytes

Fg 1 Leaf shaped villi from an uninfected cat On the villus surface goblet cell openings numerous r dges {arrows)
and the apical extrusion zone ¢an be observed x 800

Fig 2 A higher power mucrograph of part of a villus s milar to that tn Frg 1 Enterocytes can be seen to have a
hexagonal outhne and to be dome shaped The apentgs of 3 goblet cells can be seen and a plug of mucus probably
obscures a fourth  x 3 500

Fig 3 Part of a villus from an infected cat A swollen enterocyte can be seen and tnd vidual nucrovil] can just be
resolved on 1ts surface % 6 000

Fig 4 Partof villus from an infected cat 2 ruptured enterocytes are shown and the remains of cell membrane and
cytoplasm are seen at the aperture edges (arrows) x 6 000

Fig 5 Part of a villus from an infected cat 2 goblet cell opemngs (arrows) are shown along with a ruptured
enterocyte Attached to the villus surface 1s @ 7 gond  oocyst x | 200
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