1083

Laboratary Aninialy (1991) 25, [33-14]

BORGAS

B1BL
' ME}

OTECA

e S—

MORIAL LABORMTORY 133
Fx‘ ,f'-\ R Y

Detection of Klebsiella pneumﬂmae antibodies in Aotus I
lemurinus (Panamanian Owl Monkey) using an enzyme linked
immunosorbent assay (ELISA) test

NICANOR OBALDIA 111*

Diviston of Parvasitelogy, Gorgas Memorial Loboratory, Panama

Summary

An  enzyvme linked immunosorbent assay
(ELISA), was adapted to detect antibodies
Klebsiella pnewmoniae in Aofus L.
femurimies monkeys. I was vsed Lo define the
prevalence of infection and the immunogenicity
of an AINOH); bacterin in a population of
laboratory born 4. L lemurines monkeys, This
represents a  preliminary step to reduce K.
prewmoniae produoced mortality, A striking
finding during a cross-sectional prevalence study
was that none of the babies of less than 2 months
old had detectable levels of antibody, The
antibody prevalence gradually inereased in all
other age groups reaching 87-5% in the §-10-
maonth-old group. These results indicate thait
infection with K. prewmonice occurred sometime
between 2 and 6 months of age, probably as a
result of oral-faccal contamination and a change
in the feeding and grooming behaviour. To
determine whether infants had maternal anti-
bodies or if they were asympiomatic carriers of
the bacterinm, a cross-sectional study was done
in 15 infants less than 4 months old and their
muothers. K. prewmonioe antibodies were de-
tected in 11715 mothers with serum titers ranging
from 1:4 to =1:256"and the bacterium wuas
isplated from 3 babies and one mother and her
babyv. Results showed thal no maternal anti-
bodies remained in babies older than 3 weeks old.
A prospective sindy indicated a reduction in
mortality from 20% for the previous 3 vears
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Lo 3-T% (3/79) in AL(OH), K. preumonive
Bacterin vaccinated infants born during 1988-89,
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K. prewmonice K 65 strain bacterium has heen
implicated as a major cause of death since 1980
among laboratory born and captive A, [
femuerinus in the Gorgas Memorial laboratory
(GML) monkey colony. In Aofws sp. the
organism causes high fever, pneumnaonia, purulent
meningitis, nephritis, septicaemia, peritonitis
with mesenteric lymphonodular abscesses and
Pever’s patch necraosis, together with uleeration
of the caccum and small intestine as well as air-
sacculitis (Snyder er al, 1970; (Giles, 1974:
Escajadillo, 1984; Escajadillo er af., 1987).

I addition, 5 out of 10 GML colony monkeys
are healthy carriers of the bacterium (Escajadillo,
[984). Other investigators have isolated the
organism {rom 17% of normal monkeys (Snyder
et al., 1970).

Even though parenteral bactering for the
control of bacterial enterie diseases have been
regarded as of little value in protecting man and
animals (WHO, 1972} attempts have been made
at GML (Escajadillo, 1984} to prevent periodic
outbreaks of the disease using a subcutancous
formalin-inactivated diluted K. preumonice
bacterin without adjuvant.

Recently, however, K. pneumonice poly.
saccharides and ribosomal nucleic acid im-
munogen vaccines have been shown to imduce
strong humoral immune responses in man and
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mice and o protect Seieie scivrens monkeys
against fatal K. prewmonige infection (Riotiol
el @, 1979; 1981; Fournier &f al., 1981; Cooper
ef al., 1982; Crye er af | 1984, 19854, b; Postal
et al., 1988).

The intent of the present study was to adapt
an LLISA test o detect antibodies against
FPavtewrella naplrocida in rabbits (Manning, 1984
Manning et of., 19861, with modifications as
deseribed by Cryz er af. (1984), to determine the
prevalence of anti-K, prevmonize antibodies
amang GML laboratory born monkeys and to test
the immunogenicity of a whaole K. preumonioe
aluminium  hydroxide adsorbed {(Amphogel)
bacterin, in an attempt to reduce the mortality
among GML laboratory born and captive A, L
femerinus monkevs.

Materials and methods

Animals

Aonkeys  One hundred and nine adult feral and
infant laboratory born A. L fesuerinus of both
sexes and weighing hetween 150-900 g were kept
in biological pairs or family groups in wire mesh
cages {112 % 96 = 120 cm) with a nest box and a
PV pipe perch. Cages were cleansed and
sterilized twice monthly, Food and refuse pans
were cleaned and sterilized daily. BEooms were
kept at an ambient temperature of between 26°
and 32°C and T0-80% relative humidity.
Ventlation consisted of 15-20 changes of air per
hour. A 12 h light-dark cvele was maintained
beginning with light at 0730 h.

Ao diet of bananas, carrots, lettuce, oranges,
coaked rice, boiled potatoes, high protein
monkey chow (Purina 5043%) and a vitamin and
mineral supplement was olfered daily late in the
afternoon., Water was offered ad fibitum.

Rabbits  One adult male New Zealand rabhbit
was used to produce K. prewmonioe pre- and
hyper-immune sera as described by Cryve er af.
{1984). The animal was kept on a stainless steel
cage 60 % 32 = 46 em fed commercial rabbit chow
{Purina®), and allowed drinking water ad
Nbitwm. Room temperature was maintained
berween 26-30°C relative humidity between
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F0-80%, with a ventilation of [5-20 changes of
air per hour and a 12 h dark-light cvele.

Afice  Forty, 3-week-old male NIH standard
white mice, were kept in groups of 3 in
20 17 12+5 cm stainless steel rodent cages and
used as inoculated and control groups in bacterin
safety tests. The animals were fed commercial
maouse food (Formulab rodent chow, Purina®).
Waler was offered ad Hbitwm. The room
temperature was keptl between 277 and 30 °C,
relztive humidity between 70-80%, with a
ventilation of 15-20 changes of air per hour and
a 12 h dark-light cvele,

The animals were cared and treated for as
described in the Guide for the Care and Use of
Labaraiory Arimaels published by the Mational
lostitute of Health, Public Health Service, USA.,

K. pneumaoniae bacterin and antigen
production for ELISA fest

K. preumaonice K 63 strain GML-86041 (isolated
by Dr A Escajadillo and typed by Dr P B Smith
ar the Center for Disease Control, Atlanta; GMIL
1983-84 Annual Report) and a Escherichia coli
untyped strain were inoculated in 2 ml nutrient
broth vials (Difeo) and incubated at 37 °C for
24 h, Further seeded into 300 ml nutrient broth
bottles and incubated at 37 °OC for 24 h, Bacterial
concentrations reached 1-4 % 102 ml after 24 h.

K. preumonice K 63 strain and B oo
bacterium cultures were killed by adding 10%
buffered formalin vol/vel to obtain a 0-5%
solution. After 24h of incubation at room
temperature the cultures were tested for salely
by noculating 5 NIH standard white mice
intraperitoneally (LP) per batch, and for sterility
by ingculation of nutrient breth vials and further
seeded on MacConkey's agar plates, A total of
3 batches of K. prewmonive bacterin and antigen
and one of E. coli antigen was prepared.

The bacterial suspensions were then centrifuged
at 3000 rpm = 20 min. The pellet was resuspended
in phosphate buffered saline pH 7+ 2 (PBS) and
washed 3 times by centrifugation at 3000 rpm x
20 min. This pellet was either resuspended in PBS
for bacterin production as described below or
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adsorbed overnighs after suspension in carbonate
buffer pH 9-5 at a spectrophotometric optical
density (QOD) of 0-86 at 610 nm to coar Nunc-
Immuno plate 1% {(Nunc intermed, Denmark) for
ELISA antbody tests as described by Manning
(1984,

K. prewmonice or E. coli antigen coated
immunoassay plates were washed 3 times with
PES Tween-20(0- 5 ml Tween-20x 1000 m] PBS)
pH 7-2 and either used immediately or stored at
4T until used,

The aluminium hvdroxide AHOH); bacterin
was prepared with a modification of the method
deseribed by Matsumoto and Yamamoto (1975),
Briefly, 30ml aluminivim  hydroxide  gel
(Amphogel) was added to 200ml of a 0-06 00D
suspension of purified bacterium in PBS 7-2,
Finally, -2 ml ofa 1 : I solution of mertbuolate
was added as a preservative.

ELISA protocol
Opumum dilutions of all reagents were deter-
mined by checkerboard titration (Sanchez-
Vizcaing & Cambra Alvarez, 1981). The 1: 800
dilution of protein-A horseradish peroxidase
conjugate was chosen as the detector reagent.
The plates were coated with 30 ul of blocking
huffer (PRS with 10% fetal bovine serum, %
bavine serum albumin} (Manning, 1984; Manning
ef af., 1986), incubated at 37 °C for 2h, and
further washed 3 times with PBS Tween-20 pH
T2, Four-fold serial dilutions of the test sera
starting with 1:4 up to 1: 256 and then 2-fold
dilutions from 1: 512 to 1 ;4096 were made in
PBS Tween-20 or hydrolyzed agarose-Tris buffer
pH 8-0 in order to eliminate background or
naturally ocenrring anti-carbohydrate antibodies
as described by Hamilton and Adkinson (1985).
The plates were kept at 37 °C for 1 or 24 h and
washed 5 times with PBS-Tween 20 pH 7.2,
Protein A-conjugated horseradish peroxidase
(01 ml original concentration, 1 mgs/ml; Sigma)
diluted 1: 800 in PBS (Crvz er af., 1984) was
added to each well and incubated for 30 min at
37 7. The plates were then washed 3 1imes with
PBS-Tween 20, The substrate consisting of
0+ 03% Oephenylencdiamine (Sigma) in a buffer
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composed of 005 M citric acid, 0-05 M sodium
citrate; O-01 % hyvdrogen peroxide (Manning, 1984)
was added belore use and O- 1 ml of the mixture
was added toeach well, After 3-5min, the reaction
wits stopped by addition of 0-1ml of -6
sulphuric acid to cach well. Optical densitics were
read at 430 nm in a Titertek® Multiskan (Flow
laboratories) immuno-ELISA reader.

A positive antibody titre was considered to be
reciprocal of the last dilution of the serum in
which the O reading was greater than the
negative control mean plus 2 standard deviations
(2503 (Fig. 1) (Sanchez-Vizcaino & Cambra
Alvarez, 1981 Feldkamp & Smith, 1987).

The specificity of the reaction was demon-
strated by including pre-immune rabbit serum,
and negative antigen (FBS-Tween-20), plus pre-
immune monkey serum and standard  post-
incculation (PIy immune monkey secum, and by
coating plates with E. cofi purified antigen
prepared as described above and reacting it
against positive and negative K. prewnoniae
control sera.

Rabbir anti-Klebsiella aniibodies

A strong positive reaction was observed with the
rabhit anti Klebsiefle hvperimmune sera. With
the ELISA system the end point titre was
= 14096 with an OD of 1-2 ar 1 : 16 dilution
and 4530 nm and the pre-immune sera OD was
less than 0-4 at 1: 16 dilution.
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Fig. 1. Pre- and post-exposure sera mean ELISA optical

densily rendings = iwo standard deviations For adell 4. L

lemurings monkeys vaccinated with a 1710 PBS diluted

K. prewmoniae bacterin, 7 =5, —&— = pre-mean;
post-mesn.
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Experiment 1: feral adult vaccinaiion
experiments and ELISA stendardization
Fifteen adule feral A, L lemurinus were used to
determine suttahle conditions lor the ELISA test.
The monkeys were caged individually and
divided into 3 groups of 5 monkeys each and a
pre-immung blood secum sample was taken from
the femoral vein. Five animals were each
inoculared subculaneously with 0-5ml of a for-
malin PBS 1710 diluted K. pretsmanioe bacterin
subcotancously without adjuvant onee each week
for 3 consecutive weeks, Each of 5 animals in
a second group was given orally 1 ml of heat
inactivaled Tormalin bacterin daily for § days,
combined with 0-35 ml of formalin killed bacterin.
The third group of 5 animals served as un-
inceulated controls. Serum samples were collected
on davs 0 and 7 and at 6 months PLin group No.
[ and at day 0 and 30 and at 6 months Pl in
group Mo 2. The control group was sampled on
dav 0 and at 2 months.

Fxperiment 20 maternal antibodies cross-
sectiona! study

A cross-sectional study was carried out to study
the prevalence of maternal anti-&, prewmaniae
antibodies in 15 laboratorv-horn AL 4 lemnrinus
monkeys aged 3 weeks to 4 months and their
mothers. Serum samples and fascal swabs were
taken from all maothers and their babies. The
swahs were streaked dircetly onto MacConkey's
agar plates and incubated for 24 h. Sera were
tested for K, preumonice antibodies using
ELISA.

Experiment 3 immunogeniciiy of ¢ Klebsiella
AL bacterin in luboratory-born monkevs
Sera were collected from 79, laboratorv-born
{1988 -89 monkeys A, L femurinus of bath sexes
and different ages (3 weeks to 14 months of age),
welghing between 130 and 650 2 and used for a
provalence study. Seventv-four monkevs wers
inocculated subcutaneously twice at one month
intervals and 3 others only once with 01 ml of
an AOH); K. prenmonige baclerin prepared
as previously described. Serum samples were
collected  every month Tor two consecutive
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months, Seven laboratory-born (1989 monkeys
Botween less than l-month-old and up to 5
months of age served as non-vaceinated controls.
The K. prewmoniae antibody prevalence for 1983
and 1989 laboratory born monkeys was cal-
culated from thelr pre-inoculation serum samples
{see Fig. 3).

Resnolts

Experiment - feral adull A 1L lemurinus
vaccinarion experinents and FLISA
standardizaiion

All of the pre-immune sera tested from |5 adult
monkeys were negarive for Klebsiella antbocdics,
The mean pre-inoculation O observed for 3
monkeys as shown in Fig. | was slightly over 0-4
Q0 at 1:16 dilution compared to a 0-9 mean
posl vaccinalion sera OO0

The standard positive post-lmmune scrum
showed the highest titre among 13 wild monkeys
tested (1 =4096) (Kohno er af., 1988; Dea &
Tijssen, 1989).

In group one, 2 of 5 monkeys died of
K. prewmanige peritonitis 4 months PL; these
monkevs recetved a diluted K prenmoniae
bacterin subcutaneously alone. The serum Uires
of these two monkeys were 1:4 and =1 236,
The other 3 monkeys that survived had titres of
1:64 ta <<1:256.

In group two, one of 3 monkeys died of A
preumoniae peritonitis. This monkey had a titre
of 1:64 3 months before death. The ather 4
monkeys had a titre of 1:128 1o 1:236.

The monkeys from the control group remained
negative for 2 consecutive months, One control
animal died of K. prewmonige peritonitis 4
months after the last blood sample was taken.
Mo dilference in mortality was observed hetween
the inoculated and control groups,

Experiment 2; marernal antibodies cross-
sectional study

Inthe 15 female A, [ fesinrinis tested and their
3-week- o demonth-old babies, K. prewrmroniae
serum titres varied between 1:4 and 1: 236

An 11 of 15 mothers, None of the 15 babies tested

had K. preumonige antibodies, although
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Fig. 2, Pre- and post-exposure sera mepn ELISA Optical
Drensity readingys + 2 standand deviations For laboratory-hom
Al demiaries monkevs vaecinated with amd AOH]),
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K. prenntonioe was 1salated Mrom the Taeces of
ane mother and its baky and from 3 of 15 babies
examined,

One mother that had been o captivily for more
than 12 vears and which had received several doses
of a diluted K. prewmonige bacterin wilthout
adjuvant died of an hepatic abscess cansed by
K. prewrronioe. Tes seram titre was [ 64 and its

baby remained healthy for 7 months after the
mother's death.

Experitnent 30 inumunogenicity of Klebsiella

ALFOH); bacierin in loboratory-born monkeys
The mean ELISA pre-inoculation OD readings for
10 baby monkeys was less than -4 OD and the
mear PLOD was shightly greater than one. Na over-
lap between the ploced lines was observed (Fig, 2.
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Fig. 3. Age specific K. prreumioniae antibody prevalence i
1988=8% laboratory-born A, L fercines, n=74, =
papulation; ® = antibody positive; —— = prevalence,
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Anrtibodies were not detected in [ baby
monkeys of 3 weeks to less than 2 monchs ald
(Fig. 3). The prevalence incressed to 8-6% in the
2-demonth-old group, then o 21% in the
d-6-month-aold and to 28% in the 6-8-manth-
ald age groups. The prevalence reached 87-5%
in the 8= 0-month-old group and decreased to
66-6% in 10-12-month-old increasing again
tey 7500 in = 12-month-ald group monkeys,

After the first dose of K. prewmonige AIOH),
vieeing 7O of 63 baby monkeys seroconverted.
Their ELISA artthmetic and Geometric Mean
Titre (GMT) were 1:1320 and 1:101, re-
spectivelv. After the second dose of vaceine one
month later, 90% of 32 vaccinated bhabies
seroconverted. Their arithmetic and GMT titres
were 101473 and 12 d91, respectively. The pre-
inoculation arithmetic and GMT titres for 21763
babies tested was 1:24 and 1 : 3, respectively,
Amtibody ltres varied between < 1:4 and
14096 (zee Table 3),

Small 0-5-1em granulomas with Tstulous
tract were formed at the site of inoculation,
Histologically, there was tocal necrosis and
granulomatous inflammation,

Three of 7 non-vaccinated laboratory-horn
control monkeys died of K. prewmonice peri-
tonitis during the 1989 outbreak, at 3, 4 and 5
months of age. Four other controls died of
causes other than K. prenpiorice during the
course of the experiment and only one survived
the entire course of the study.

Only 1733 (3%) 1988 born AKOH), vaccinated
monkays digd at 7 months of age after receiving
2 dases of bacterin (Table 1), Two of 46 (4-3%)
ANOH); bacterin vaccinated 198% born monkeys
died of K. prewmonioe peritonitis during the
1989 puthreak (Table 1). The 1988 born monkey
had a titre greater than 1: 236 before dving of
K. preumoenice peritonitis. The other 2 monkeys
born during 1989 had titres ol =1: 236 and
1: 4096 before death.

Two 2- and 3-week-old monkeys died 3 and
3 days after receiving one dose of AlOH),
bacterin. At necropsy there were gechymotic
haemorrhages on the surface of the lungs
presumably  cause of bacterial endotoxins.
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Table 1. Klehsiella prewmaniae peritonitis survival and death rates for ALCOH), vaccinated and non-
vaccimated laboratory-born Awins L lermurines monkeys

S
Year Born Surv. frate )
1986 103 an {28-5)
1987 L] 23 {34-54)
1938 Gl 13 {54000
19E% 63 7 {58-7)
Total 295 122 {41-13)

Died

Deth Kieh. Kleb. vac

frate %) i deqeh (rase %)
75 i71-4) 21 {20
43 {851} 13 (22}
3 {45-9) 13 {213 *1533 (3-0)
2 {41-21 b (799 "2746 (43}
173 {5B-64) 54 (18-3) 3,99 (3-7)

Kleh. = K. prewmoniae; Sury, = survival; vac=vaccine,
=g baby died after May 4 1989 when the babies that survived the October L4958 K, prewmonioe epizoatic

were vaccinated with an ANOH], bacterin,

"Twa of the 3 babies that died during the 1989 epizootic were vacoinated; the others were not and dicd

when 3, 4 and 5 months old.

Histopathologicsl examination revealed a severe
acute interstitial hasmorrhagic pneumonia and
a severe acute multifocal centrolobular necratic
hepatitis.

The data in Table 1 show a reduction in
K. preumoniae mortality rates from 20, 22 and
2% registered for non-vaccinated laboratory-
born monkevs during 1988, 1987 and 1986,
respectively, to 3 and 4-3% in the ALOH),
K. prernionige vaccinated monkeys born during
[958 and 1989,

Tahle 2. Klebsialla prgweniae peritanitis ernde death rate by
rovem o adult sand 1988 -89 labocatory-borm Acodes [ lemrings
monkeys during hMay 18-Chetober 30, 193% outhreak

1ORS =K Lab-born
Diegelh Lab-barn coRfrad
Room Adults frinte S50 AN, var nan-vac
6 £33 (41} 1411 01
79 246% (6-5 147 —
a5 252 (3-B) 04140 041
81 L6 (200 044 S
[ 492 (4:1) 1433 274
B 229 (6w 7% =
a4 LA42  (2:0) 04 141
Total 147332 (4-2 3700 37V faz-gy!

vEL = vaccinaled;
O =outside cage.
* = Index case.
"= siatistically significant by Fischer's exact test.

“Two babies less than 2 months ald died afier vaccination
[recm T4, raem 36} most likely due to roxic effects from the
bacterin, They were ool included in the statistical calculations.
*Three of 7 unvaccinzied conirol mankeys died of
K. pnesmoniae peritanitis, They were 5,4 and 3 months old.
Four X and 4 manths old dicd of other causes and one 16
maiths old survived.

non-vac = non-vaccinated; ()=rae %o,

Tahle 3. Seroconversion to an AL{OH), Alebsialfy
pricvmorize bactenin in AL L femeeriens s determined by ELISA

ELISA tire
Pre-inocwiation  First dove  Second dose

Mean 244 1320 1473

GMT 34 L 441

Min {t { V]

Max 512 4094 4006

Cy 345 1411 1-57

T 123 62 -4

fi a3 L) 52

Mean = aritbunetic mean titre; GMT o geometric mean itre;

Min=minimum fitre, 0= <1 :4; Max=maximum tiirg;
CV = cosfTicient of variaion; %o = per Cenl Sereonny ersion;
n =numher of monkeys tested,

Titres are expressed as the reciprocal of the last dilution in
which the O was greater than the mean negative contral
sera plus 2 300,

Mo significant differences in crude death
rates were found using the Fisher's exact test
between adult monkeys cazed in different
rooms  during  the 1989 ecpirootic of K,
pretmoniae. The average crude death rate
for 332 adult monkeys was 4-2% with &
minimum of 2-3% for one room and a maxi-
mum of &-%% for snother {Table 2). The
discase was present in all the rooms at the
same point in time during the 1989 epizootic
and we considered all the animals to have
beenn at the same risk ol exposure. There
were not significant differences in crude death
rates per room belween adult monkeys in-
oculated  with  bacterin without  adjuvant
and the ANOH), vaccinated laboratory-born
monkeys.
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Ihscussion

The ELISA test used in this study as described
by Manning ef af {1986) and Manning (1984)
with modifications from Crys ef af, [1984), was
considered to be a reliable tool in determining
the antibody levels against K, prewmionice in
A lemrinus monkeys,

The nonspecific background chserved in some
of the adult feral pre-inoculation monkey scra
at a Lz 16 dilution, was attribated to naturally
occurring  anci-carbohydrate  amtibodies  that
reacted with the K, preumonice  antigens.
However, when sera with a high background
wers treated with hyvdrolysed azarose tris buffer
as described by Hamilton & Adkinson (1985) a
drop in the ELISA OD readings was ohserved,
We need PBS-Tween 20 alone as the standard
dilution buffer (Coye e of., 1984).

Mo difference in mortality was found herween
vaccinated and control groups in the adult feral
monkeys vaccination and ELISA standardization
experiments. The monkeys [Tom the vaceinated
groups developed detectable levels of anribodies
against K prewmonice, but did not survive g
natural challenge.

The lack of pratection observed in prior trials
with the PBS diluted bacterin without adjuvant,
could have been the result of a change in the
molecular structure of the bacterial surface
antigens during lreatment with formalin or the
lack of adjuvant in the bacterin preparation
which may have stimulated a nonprotective
antihody response.

The prevalence studies demonstrated that
A. L lemurinus baby monkeys between 3 weeks
and 2 months of age did not have maternal
antibody, These findings are different to those
reported by Kohino e ol (1988); and Russell er
al. (1988) in which maternal antibodies against
Campylobacier infection were detected in
Cynomolgus monkeys  (Mococe  fascicwlaris)
between 2 weeks and 2 months of age.

The A. L femiurieus babies In our study
seroconvertad when 2-4 months old, and
Ko pagwmaniae was isolated rom the facces of
3715 babies sampled when 2-3 months old,
respectively, It is postulated that seroconversion
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Fig. 4. Age specific K. prewmoniae death rate in lahoraiory-
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(C) May=0ctaber 1989 putbreak, n =157, m = population:

e = Klch. mortality; —s— =" Kleh. mornality.

wis related to oral-faccal contamination as a
result of a change in the feeding and grooming
behaviour of A, { fenurinis babies, which might
explain the high incidence of K. prewmonioe
peritonitis death obzerved in the d=8-month-old
baby monkey groups during the 1987 -88 epizoatics
at GML (Fig. 4 A, B). Oral-faecal contamination
has been observed to occur in Cyneomoloys
baby monkeys older than 2 months (58%0),
and bacterial dsolation from their facces was
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statistically correlated o seroconversion (Kohno
er af, 1988 Russel ef af., 1988).

A result of these ohservations a vaccination
protocol using an AINOH), K, prewmoniae hac-
terin was designed in order to control the spread
of the disease in the 4-E-month-old group which
was al highest risk of contracting infection with
K. prewmonige (Fig. 4.

With the first dose of vaccine 76% of the
bakies seroconverted and when the second dose
of bacterin was administered one maonth there-
after, 90% had seroconverted. Only 379 (3- 7))
vaceinated monkevs died of £ prewmionioe
peritonitis, compared to 20% for the previous
3 years (Table 1.

Ferhaps the granulomas formed at the site of
inoculations were the result of the ANOH),
adjuvant incorporated in the bacterin, which
stimulated a long lasting humoral and cellular
immune response due to a depot effeet and slow
release of the antigen. This depot effect may have
then contributed to the development of a stronger
cellular immune response in the large intestine
associated lymphoid tissue (Pever’s patches),
limiting the spread of the discase. However, it
could not he discounted that the granuloma was
only the result of too high a concentration of
adjuvant or bacteria in the bacterin preparation.

The observation thar toxic effects ocourred in
monkeys younger than l-month-old supggests,
that endotoxing contained within the bactleria
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induced the stimulation of T suppressor cells (T,
celly, as has been demonstrated in mice when
repeatedly inoculated with sub-immunogenic
doses of polysaccharides from other gram
negative bacteria (Taylor & Bright, [989).

This T, cell activity may have in turn caused
an immungsuppression, which allowed other
pathogens such as K. preuwmonice, £ colf or
viruses such as hepatitis A virus (Lemon er al.,
1982) Lo evade the immune system and to induce
the histopathological lesions reported herein.
These pathogens could have been then the cause
ol the necrotic hepatitis and interstitizl pneumonia
found in the babies that died afrer vaccination.

Future challenge studies of vaccinated monkeys
will be conducted in order to test the efficacy of
the ANOH); bacterin compared to a poly-
saccharide version of the bacterin (Crve er al,,
1985 and to study the role of cellular immune
responses to the outcome of K, prewmoniae
peritanitis.
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