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Abstract

Pseudotuberculosis, an infection caused by the ubiquitous enteropathogenic bacterium Yersinia
pseudotuberculosis, is a recurrent veterinary problem in livestock and zoo animals. The only
vaccine currently available in zoos is Pseudovac (a mixture of killed strains of various
serotypes), but its efficacy is not well established. We show here that Pseudovac does not protect
guinea pigs against a severe Y. pseudotuberculosis infection. We thus evaluated the possibility of
using a live attenuated Y. pseudotuberculosis strain (IP32680) as an oral vaccine against animal
pseudotuberculosis. We report that IP32680 is avirulent for guinea pigs and induces a strong IgG
response against various serotypes of Y. pseudotuberculosis. One and two oral inoculations of
1P32680 provided 50% and 83% protection, respectively against a severe infection with a highly
pathogenic strain. The avirulent Y. pseudotuberculosis 1P32680 is therefore much more
protective than Pseudovac and may represent a valuable oral vaccine against pseudotuberculosis
in zoo animals.

Keywords: Yersinia pseudotuberculosis / pseudotuberculosis / Pseudovac / oral / vaccine /
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Résumé

La pseudotuberculose, causée par la bactérie enteropathogéne ubiquitaire Yersinia
pseudotuberculosis, est un probléme récurrent pour les animaux d'élevage ou sauvages en
captivité. Pseudovac, un vaccin composé¢ de bactéries tuées de différents sérotypes, est
actuellement utilisé dans les zoos bien qu'il n'ait pas été¢ formellement testé. Dans le présent
travail, Pseudovac n'a pas conféré de protection a des cobayes, une espece trés sensible, contre
des doses élevées d'une souche virulente de Y. pseudotuberculosis. La souche 1P32680 de Y.
pseudotuberculosis, avirulente chez la souris, a été évaluée comme vaccin oral. Nous rapportons
que IP32680 est avirulente pour le cobaye et induit de forts taux d'IgG contre les principaux
sérotypes de Y. pseudotuberculosis. La vaccination par une ou deux inoculations orales de
IP32680 a protégé respectivement 50 et 83% des animaux. Ce vaccin vivant oral est donc
beaucoup plus protecteur que Pseudovac et peut donc représenter une alternative utile en
médecine vétérinaire.

Mots clés: Yersinia pseudotuberculosis / pseudotuberculose / Pseudovac / oral / vaccin /
sérotype / cobaye / IgG



Introduction

The Gram-negative enteropathogenic bacterium Yersinia pseudotuberculosis is widely
distributed in countries with temperate or cold climate and human cases of pseudotuberculosis
are commonly reported in Europe, North America, Japan and Eastern Russia [1]. Such cases are
most often sporadic, although outbreaks have been reported in Japan, Finland and Russia [2-4].
Ubiquitous in the environment, Y. pseudotuberculosis is usually contracted primarily through the
consumption of contaminated water or greeneries. Y. pseudotuberculosis is enzootic in various
mammalian and bird species, and rodents are the main reservoir of infection [5]. Contamination
of livestock animals such as cattle [6], buffaloes [7], deers [8] and sheep [9] with Y.
pseudotuberculosis also occurs and has a significant economic impact. Pseudotuberculosis is
also a recurrent health problem for precious animals in zoological gardens [10-13] and wildlife
parks [14] where the density of populations is high. This infection may thus be of major concern
for the preservation of endangered species.

The bacterial cells absorbed orally disseminate from the gastrointestinal tract to the
mesenteric lymph nodes, causing diarrhea, abdominal pain and fever. In weakened individuals,
bacteria disseminate to visceral sites such as the spleen and liver, and septicemia is often
observed in humans [15] and animals. Infection is treated by means of antibiotherapy, however
some Y. pseudotuberculosis strains naturally resistant to several antibiotics have recently been
observed ([16] and Rosso ML. et al., manuscript in preparation). In terms of prevention, hygiene
measures are useful but are not always sufficient to prevent pseudotuberculosis. Vaccination
could thus be valuable to prevent the lethality caused by this microorganism in animals living in
captivity. The veterinary vaccine mainly used in European Zoos [13], named Pseudovac (Utrecht
Veterinary Faculty, the Netherlands) is a killed whole-cell vaccine composed of serotype I to VI
isolates. Produced for zoological gardens and wildlife parks, its use in birds [17-19] and small
primates [20, 21] has been reported. However, its efficacy has never been really evaluated.
Furthermore, pseudotuberculosis cases were observed in animals vaccinated with Pseudovac in
zoos (unpublished observations from T. Petit and A. Maillot at the La Palmyre and Amnéville
zoos, France, respectively).

In the present study, we examined whether Pseudovac could efficiently protect guinea pigs
(which are highly susceptible to the disease) against a Y. pseudotuberculosis infection.
Furthermore, we compared the protection conferred by Pseudovac to that of a live attenuated
strain of Y. pseudotuberculosis (IP32680) administered orally. This strain was previously shown
to be avirulent in mice [22]. We show here that Pseudovac is inefficient in protecting against a
severe Y. pseudotuberculosis infection and that oral vaccination with IP32680 is much more
protective and may represent a valuable alternative to the currently used veterinary vaccine.

Materials and Methods
Yersinia strains and culture conditions.

The serotype II Y. pseudotuberculosis strain IP32680 was isolated from a dead hare. IP32680
lacks genetic determinants coding for known virulence factors such as the High Pathogenicity
Island or the super antigens, but harbors the pYV virulence plasmid or the psa fimbriae [22].
This strain was found to be avirulent in the mouse model since oral or sc inoculation of high
doses (10° cfu) of IP32680 failed to kill or to cause detectable signs of disease in these animals.
All Y. pseudotuberculosis isolates (serotypes I to V) used in this study were taken from the
collection of the Yersinia Research Unit (Institut Pasteur) and were positive by PCR for the
presence of the pYV virulence plasmid and the Psa fimbriae (pH6 antigen). Bacteria were
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usually grown at 28°C in Luria-Bertani agar plates supplemented with 0.2% hemin (LBH) for
48h before use.

Guinea pig immunization and infection conditions

Female Hartley guinea pigs (six to eight weeks old) were purchased from Charles River
(L'Arbresle, France). All animal care and experimentations were conducted according to the
guidelines of the Institut Pasteur and Ecole Nationale Vétérinaire (France). Anesthesia was
obtained by intramuscular (im) injection of Zoletil 100 (Virbac, France) or Xylazine (Rompun®
from Bayer; 2.5 mg/kg) plus Ketamine (Imalgene 1000® from Meérial; 125 mg/kg). Bacterial
suspensions (200 pl in saline) of the serotype II strain IP32680 were inoculated via the
intragastric (ig) route using a curved feeding needle. To evaluate the virulence of the IP32680
strain, guinea pigs were inoculated ig with a high bacterial dose (10° cfu) and survival was
followed for 3 weeks. At the end of the experiment, animals were euthanized by intraperitoneal
(ip) injection of Pentobarbital (200 mg/kg) and the presence of lesions in the intestine,
mesenteric lymph nodes, liver, spleen and lungs were searched for. Peyer's patches were also
examined and the number and size of enlarged patches were recorded. In order to evaluate the
clearance of the vaccine bacteria from the body, various organs (2 swollen Peyer's patches,
mesenteric lymph nodes, spleen, liver and lungs) were sterily taken, cut into pieces and minced
using glass beads (VWR, USA) and an electric mill (Retsch, Germany). Bacterial counts were
obtained by plating dilutions of homogenates on LB agar (Table I).

To determine the 50% lethal dose (LDso) of strain IP32953 for guinea pigs inoculated ig,
four animals per dose were infected with 10 fold serial dilutions of IP32953 and survival was
followed for 3 weeks. Vaccination with the IP32680 strain consisted in one or two ig inoculation
of 10° cfu in saline at 40-day interval. The Pseudovac vaccine was obtained from the
Microbiology Laboratory of the Zoo and Exotic animals section of the Utrecht Veterinary
Faculty. Vaccination using Pseudovac consisted in two subcutaneous (sc) injections (0.25 ml
each) in the back of the guinea pigs at 40-day interval, as recommended for animals below one
kg of weight. Although the name "Pseudovac" has been used for this vaccine for years, it is not a
registered trademark and a distinct vaccine against Pseudomonas aeruginosa now also has this
name.

In order to evaluate guinea pigs protection against pseudotuberculosis after vaccination,
animals received a suspension of 10° cfu (2,200 x LDso) of the virulent Y. pseudotuberculosis
strain IP32953 inoculated ig 30 days after the last vaccine dose. Thereafter, animal mortality,
behavior and fur appearance were recorded daily for three weeks. Body weight was measured
every three - four days as a marker of health. At the end of the experiment, animals were
euthanized and the presence of lesions in the intestine, mesenteric lymph nodes, liver, spleen and
lungs were searched for as described above.

Immuno-assays

To obtain immune serum, guinea pigs were anesthetized and blood was collected from the
retro-orbital sinus or the ear veins. Serum was frozen until use. To produce the Y.
pseudotuberculosis antigenic solutions used for coating in the ELISA assays, bacteria were
grown on LB agar for 48h either at 28°C to allow expression of O-Ag [23, 24], or at 37°C to
favor the expression of molecules up regulated in the host, including the Type Three Secretion
System (TTSS) and the Yops effectors [25]. Bacterial antigenic preparations were produced by
sonication of live bacteria and were used for coating in ELISA assays as previously described
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[22]. Sera were serially diluted in PBS containing 0.1% BSA for determination of antibody titers
by ELISA. Secondary antibodies (Ab) against guinea pig IgG coupled to horseradish peroxydase
(Jackson Immunoresearch) were used, followed by colorimetric revelation using TMB (OptiEIA,
BD-biosciences) as previously described [22]. Titers were calculated as the sample dilution
giving an OD4so of 0.5 on the titration curve.

Statistical analysis

The Spearman-Karber test was used to calculate the LDso and its confidence interval for
strain IP32953 inoculated ig. Linear regression analysis was performed to evaluate the
correlation between antibody titers against different serotypes of Y. pseudotuberculosis. The
Mantel-Cox Logrank test was used to evaluate the protection of guinea pigs.

Results
Induction of acute pseudotuberculosis in the guinea pig

The protective value of pseudotuberculosis vaccines was evaluated in the guinea pig model
because this species is highly susceptible to a Y. pseudotuberculosis infection [26, 27].
Moreover, since they are not inbred animals, the efficiency of vaccination may vary from animal
to animal similarly to the non-laboratory animals for which the vaccine is developed. To perform
a challenge infection, a model of acute and lethal pseudotuberculosis in guinea pigs was
required. The lethal dose 50% (LDso) of the highly virulent Y. pseudotuberculosis strain IP32953
[28] via the ig route was determined. The LDsy observed was of 4.6x10° cfu (95% confidence

interval: 2.2x10% — 9.7x10° cfu). Based on the LDsp and on the fact that the bacterial inoculum
necessary to cause a natural infection is not known but may be high, we decided to use a dose of

10° cfu of IP32953 (corresponding to 2,200 LDso) to mimic a severe infection. At this dose, 17
out of 18 infected animals succumbed to the infection (Table IT) with a mean day to death of 7.1
+ 2.1 days. Death was always preceded by prostration, ruffled fur and loss of appetite with
severe weight loss (not detailed). Post-mortem examination of the dead guinea pigs always
revealed pseudotuberculous nodular lesions visible in the intestine, caecum, spleen and liver. In
40% of animals, the lungs were also affected.

Evaluation of the immune response and protection induced by Pseudovac

Vaccination using Pseudovac as recommended by the producer consists in two sc
injections at a 40 day interval. The serum of vaccinated guinea pigs was collected 30 days after
the last inoculation (just before challenge) to evaluate the antibody response induced. The IgG
titers against five different acellular preparations of Y. pseudotuberculosis strains of serotypes |
to V were determined by ELISA. All guinea pigs having received Pseudovac mounted a
significant IgG response against all five serotypes of Y. pseudotuberculosis (Fig. 2, p<0.005 for
all serotypes). Surprisingly, only 1 out of 12 animals vaccinated with 2 sc injections of
Pseudovac survived the infection (Table II), and the kinetics of death (7.0 + 2.4 days) was not
significantly different from that of unvaccinated animals. These results indicate that the antibody
response mounted by the vaccinated animals is not protective and that Pseudovac is not efficient
in protecting against a severe Y. pseudotuberculosis infection.

Virulence of the Y. pseudotuberculosis IP32680 strain for guinea pigs



2.4.

2.5.

We decided to evaluate the possibility of using the live attenuated Y. pseudotuberculosis
strain IP32680 as an oral vaccine against animal pseudotuberculosis because this strain was
previously shown to be avirulent in a mouse model of oral or subcutaneous infection and to
induce a protective immunity against bubonic plague [22]. To determine whether IP32680 is also

avirulent in the guinea pig model, a total of 40 animals were inoculated ig with 10° cfu of strain
IP32680. Not a single animal died or presented clinical symptoms of infection such as weight
loss (Fig. 1) or ruffled fur over the follow-up period of 80 days. Post-mortem examination of
three animals euthanized at day 21 post-infection showed that they all presented several enlarged
Peyers' patches (average size 7-9 mm), reflecting cellular recruitment from the blood and
proliferation of antigen-specific T and B cells. The Peyers' patches of two animals contained low
amounts of live bacteria (Table I), thus indicating a long lasting stimulation of the intestinal
immune system. In contrast, no bacteria were recovered from the mesenteric lymph nodes,
spleen, liver and lungs of these animals (Table I), and no lesions were observed in these organs.
In animals that received a second inoculation of 10° cfu of IP32680 to restimulate their immune
response 40 days after the first inoculation, no sign of disease was noted (data not shown).
Therefore, we concluded that IP32680 is avirulent for guinea pigs.

Analysis of the antibody response elicited by IP32680

To evaluate the ability of IP32680 to confer protection against pseudotuberculosis, two
vaccination protocols were tested, consisting in either one or two oral inoculations (prime /
boost strategy) of IP32680 (10° cfu) at a 40 day interval. The antibody response directed against
whole bacterial antigens was evaluated 30 days after the last dose, just prior to challenge.
Animals which had received one ig inoculation of IP32680 (serotype II) not only mounted a
significant IgG response against serotype II, but also against the other serotypes (I to V) of Y.
pseudotuberculosis grown at 28°C to allow in vitro expression of O-antigens (Figure 2; p at least
<0.005 for all serotypes). Linear regression analysis showed a strong correlation (slope each time
close to 1, p < 0.001) between the titers induced by IP32680 against serotype II and the other
serotypes (Fig. 3). This shows that antibodies against serotype II O-antigens represent a minor
part of the bacteria-specific antibodies. These 1gG titers after one inoculation of IP32680 were
comparable to those induced by the two sc injections of Pseudovac (Fig. 2). In guinea pigs
having received two ig inoculations of 1P32680, a two to four fold increase of the IgG titers
against all five serotypes of Y. pseudotuberculosis was observed (Fig. 2). This increase was
statistically significant (p < 0.005) for serotypes I, Il and III strains, showing that this second
inoculation boosted the immune response. IgG titers were also determined with antigenic
preparations of bacteria grown at 37°C, a temperature closer to in vivo conditions and which
allows expression of virulence factors such as the pYV-encoded Type III Secretion System and
Yops. The IgG titers were comparable to those observed with bacteria grown at 28°C (data not
shown), indicating that target antigens expressed at the host's body temperature are also
recognized by IP32680-induced IgG.

Evaluation of the protection conferred by IP32680

Whereas control unvaccinated animals died of infection (paragraph 3.1) one oral
inoculation of IP32680 provided protection (p = 0.01) to 6/12 animals (Table II) against an
otherwise lethal challenge with 10° cfu of IP32953, indicating that IP32680 induces a higher
protection than Pseudovac. In the second group which received two oral inoculations of IP32680,
5/6 animals survived the challenge (p = 0.01, Table II), showing that this prime / boost vaccinal



strategy further increased the protection conferred by IP32680. Animals protected by two
inoculations of IP32680 were euthanized at day 21 post challenge and necropsy revealed no
lesions in visceral organs, except for one animal which had a small nodule in the liver. In each of
these protected animals, two to five hypertrophied Peyers' patches (7-10 mm) were visible on the
intestine, as also observed prior to challenge in IP32680-vaccinated animals.

Correlation between antibody titers against IP32680 and protection against
pseudotuberculosis.

To evaluate the value of Yersinia-specific IgG titers measured before challenge as
predictors of protective immunity, the titers obtained in the six guinea pigs protected by one
inoculation of IP32680 were compared to those of the six unprotected animals. Although
protected animals tended to develop higher IgG titers than unprotected ones (mean 49,978 versus
39,860 respectively), antibody titers were not statistically different in the two groups, showing
that they are not accurate indicators of protection.

Discussion

The only vaccine presently in use in Europe to vaccinate zoo and wildlife park animals
against pseudotuberculosis is Pseudovac. This vaccine is composed of formalin-killed Y.
pseudotuberculosis isolates of serotypes I to VI, and its manufactor recommends to perform two
sc injections every year. We evaluated the efficacy of Pseudovac to induce an immune response
against Y. pseudotuberculosis and to protect guinea pigs against acute pseudotuberculosis caused
by ingestion of the highly virulent strain IP32953. Surprisingly, whereas Pseudovac is able to
induce a strong humoral immune response against Y. pseudotuberculosis antigens in vaccinated
animals, it fails to confer them any protection against the disease. Our results contrast with
previous reports indicating some protective effect of Pseudovac in birds and small primates in
zoos [17, 18, 21, 19], but are in agreement with our observation of pseudotuberculosis infections
occurring in birds and primates vaccinated with Pseudovac in a zoo. The lack of activity of
Pseudovac in our model could be at least partly attributable to the fact that we used high doses of
the highly virulent Y. pseudotuberculosis strain IP32953 as challenge. If so, this would suggest
that Pseudovac protective effect might be limited to mild Y. pseudotuberculosis infections.

As an alternative, we tested the possibility of vaccinating animals orally against
pseudotuberculosis with an attenuated Y. pseudotuberculosis strain. It was previously shown that
Y. pseudotuberculosis strain IP32680 is not virulent in the mouse model of oral or sc infection.
In the present work, we found that IP32680 is also avirulent for highly sensitive animals such as
guinea pigs since oral administration of high bacterial inocula (10° cfu, corresponding to >2,000
times the LDso of the virulent strain IP32953) was unable to kill any animal, to cause clinical
symptoms or to induce histological lesions in deep organs.

In contrast, the detection of live bacteria only in the Peyer's patches of the animals one
month after the infection indicated a colonization of the intestinal tract, thus favoring a long-
lasting stimulation of the immune system. Indeed, oral inoculation of Y. pseudotuberculosis
IP32680 to guinea pigs once or twice induced a significant protection (50% and 83%
respectively) against a challenge with a high inoculum (10° cfu) of the highly virulent Y.
pseudotuberculosis strain IP32953. This demonstrates that the immune response elicited by live
Y. pseudotuberculosis cells is much more efficient than that induced by the killed bacteria
present in Pseudovac. In a previous study, it was observed that mice receiving an oral live
avirulent TTSS mutant of Y. pseudotuberculosis were protected against oral pseudotuberculosis



[29]. A dam mutant of strain IP32953 administered orally has also been shown to protect against
an intravenous challenge with the IP32953 strain [30]. In both studies, the mice were challenged
with a dose corresponding to 100 LDso. This is in accordance with our preliminary experiments
performed in the mouse model, in which we found that after a single oral inoculation with
IP32680, OF1 animals were 100% protected against an oral infection with 10° cfu (50 LDso) of
1P32953 (unpublished results). Guinea pigs are more susceptible than age-matched OF1 mice to
an oral infection with the virulent IP32953 strain (LDso ig of 4.6 x 10° cfu, versus 1.6 x 107 cfu
respectively [22]). This study thus shows that IP32680 has a protective effect, even against a
highly severe infection (2,200 LDso).

One oral dose of the TP32680 strain induced a humoral response close to what was
obtained with two sc injections of Pseudovac, showing that the live vaccine stimulates the
immune system more strongly than the vaccine made of killed bacteria. It also appeared that the
IgG produced against IP32680 (serotype II) were able to recognize strains of other serotypes.
The classification of Y. pseudotuberculosis strains in serotypes is based on differences in the
carbohydrate branching (O-Antigen) of the conserved core of LPS, the main component of the
outer membrane of Gram negative bacteria [31]. Our observations indicate that the immune
response elicited by IP32680 is directed against antigens common to all Y. pseudotuberculosis
strains, whatever their serotype, and that the mix of different serotypes in a vaccine is not
necessary. Indeed, vaccination with IP32680 (serotype II) protected against infection with the
IP32953 strain (serotype I).

A whole-cell vaccine like IP32680 induces an immune response directed against many
antigens including surface exposed structures (O-antigen, outer membrane proteins, fimbriae)
and virulence factors (Yops, etc.). Antibodies are important players of the anti-bacterial
immunity due to their capacity to facilitate the phagocytosis of antibody-covered ("opsonized")
bacteria, and by blocking the function of surface molecules important for the virulence.
However, two observations suggest that a strong humoral immune response is not sufficient to
predict protection against pseudotuberculosis: first, the high IgG titers induced by Pseudovac
were not protective, and second, in animals vaccinated with one injection of IP32680, IgG titers
of surviving guinea pigs were not statistically different from those of the animals who died.
Nonetheless, although IgG titers do not predict protection, it cannot be excluded that some
components of the humoral response may participate to the protective effect observed. Protective
antibodies may be able to work in association with the cellular response, and to neutralize
virulence factors like Yops [32], and new tests based on these properties may be more efficient
in predicting protection. Following this view, the abundant antibodies induced by Pseudovac
could be unefficient because they are directed against formalin-treated antigens and so would fail
to neutralize native antigens.

Live vaccines present several advantages: (i) they include multiple antigens that are
produced de novo as long as the bacteria persist in the host, thus providing a prolonged
stimulation of the immune system. (ii) live organisms regulate their gene expression to adapt to
in vivo conditions, and thus expose target antigens that might not be produced during growth in
vitro, (iii) they also generally induce both an antibody and a cell-mediated response, both
contributing to the vaccination efficiency [33]. As compared to molecular vaccines, whole-cell
vaccines also allow low cost mass production. Furthermore, oral vaccination, in contrast to
parenteral injection, targets the development of mucosal immunity in the gut, the first site of Y.
pseudotuberculosis infection, as confirmed by the observation of enlarged Peyer’s patches in the
intestine. We previously reported that Y. pseudotuberculosis strain IP32680 given orally to mice
persist in the gut for up to two months, exerting a prolonged stimulation of the immune system



[22]. The oral route was also the rationale for the recent use of Lactococcus lactis expressing the
Y. pseudotuberculosis LcrV antigen as a candidate vaccine against pseudotuberculosis [34]. Oral
vaccines are also easier to administer, and less stressful because they can be included in food so
no animal capture is necessary. Immunization using a vaccine hidden in food baits may also be
applied to wild animals, a strategy successfully used to vaccinate foxes against rabies [35]. This
strategy could be used to treat reservoir animals in the proximity of farms, zoos or wildlife parks.

Conclusion

The present work shows that, in contrast to the vaccine Pseudovac currently in use for
veterinary purposes, a live attenuated strain of Y. pseudotuberculosis given orally confers
protection to guinea pigs against an acute and severe infection. The IP32680 strain administered
orally thus represents a valuable alternative vaccine to Pseudovac, usable in zoos, wildlife parks
and livestock, where precious animals are at high risk of pseudotuberculosis.
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Figure legends

Figure 1: Guinea pigs do not lose weight after vaccination with Y. pseudotuberculosis 1P32680
inoculated ig or Pseudovac injected sc.

Guinea pigs received either the Pseudovac vaccine (0.25 ml sc) at days 0 and 40 (indicated by
arrows), saline sc (control group) at the same days, or a single inoculation (109 cfu) of strain
1P32680 ig at day 40, and their individual weight was measured at regular intervals. Shown are
means = SEM of 20 guinea pigs per group.

Figure 2: Vaccination sc with the killed whole-cell vaccine Pseudovac or ig with the live IP32680
strain induce a strong IgG response against Y. pseudotuberculosis antigens.
Serum samples were obtained from groups of guinea pigs that had received either 10° cfu of
IP32680 ig once (n = 20) or twice (n = 6), or Pseudovac injected sc twice (n= 20), or saline
(control group, n = 20) sc twice, at a 40 day interval. Blood samples were collected 30 days after
each vaccine or saline dose and serum IgG titers against Y. pseudotuberculosis antigens were
determined using ELISA plates coated with filtered sonicates of Y. pseudotuberculosis strains
serotype I to V. The results (mean IgG titers = SEM) have been obtained with preparations of
bacteria grown at 28°C to favor expression of O-antigens. Equivalent results were obtained with
bacteria grown at 37°C. Not shown with asterisks in the figure is the fact that all 3 vaccination
protocols induce a strongly significant increase in IgG titers (all at least p<0.005). *: p<0.05

Figure 3: Guinea pig serum IgG induced by oral vaccination with strain IP32680 (serotype II) are
reactive against other serotypes of Y. pseudotuberculosis
Blood samples were collected 30 days after oral inoculation of 10° cfu of IP32680. ELISA were
then performed as in Fig. 2. Shown are individual titers from 32 guinea pigs pooled from three
independant experiments. Equivalent results were obtained with sonicates of bacteria grown at
37°C to favor Yop production. The r? value and p value obtained using Spearman's rank test are
given.
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Table I
Clearance of the Y. pseudotuberculosis strain IP32680 after oral vaccination ?

Y. pseudotuberculosis counts ®

Guinea pig  Peyer's patches ~ Mesenteric LN Liver Lungs Spleen
1 70 0 0 0 0
2 93 0 0 0 0
3 0 0 0 0 0
(a) Guinea pigs were orally inoculated with 10° cfu of Y. pseudotuberculosis strain
1P32680 and were sacrificed 21 days later.
(b) Organs were sterily minced and bacterial counts were obtained by plating dilutions of

homogenates on LB agar. Due to the size of these organs, 1/10" of liver and lungs or 1/5" of
spleen homogenates was plated.

Table IT
Protection against an infection with the highly virulent Y. pseudotuberculosis strain 1P32953
after vaccination by oral inoculation with IP32680 or sc injections of Pseudovac

Immunization =~ Vaccinal dose nof doses  Route Survival *°

Saline 0.25 ml 2 ig 1/18 (5%)

Pseudovac 0.25 ml 2 sc 1/12 (8%)
1P32680 10° cfu 1 ig 6/12 (50%) *
1P32680 10° cfu 2 ig 5/6 (83%) **

(a) Animals were challenged sc at day 70 with 10° cfu of Y. pseudotuberculosis TP32953
(b) Results pooled from two to three experiments
*/*%: Logrank test compared to saline; *: p<0.05, **: p<0.01
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