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and Yersinia pestis

WU Xiao-hong', TIAN Guang',QIU Ye-feng®, QI Zhi-zhen® ,ZHANG Qing-wen®,BI Yu-jing',
YANG Yong-hai’, LI Yu-chuan', YANG Xiao-yan’,XIN You-quan®,LI Cun-xiang®,
CUI Bai-zhong® , WANG Zu-yun®, WANG Hu’, YANG Rui-fu' , WANG Xiao-yi'

(1. State Key Laboratory of Pathogen and Biosecurity ., Beijing Institute of Microbiology
and Epidemiology , Beijing 100071, China;
2. Laboratory Animal Center , Academy of Military Medical Science , Beijing 100071, China;
3. Qinghai Institute for Endemic Disease Prevention and Control of Qinghai Province , Xining 811602, China)

ABSTRACT : In our previous study, more B and T cells were observed in the splenic tissues from the immunized Rhesus ma-
caques with plague vaccines than from normal animals. However, whether these cells represent proliferating B and T cells elici-
ted by plague vaccines is unclear. To answer this question, the proliferation of T and B cells was examined by means of double
immunohistochemistry in the spleens from the Rhesus macaques immunized with subunit vaccine SV1 (20 pg F1 + 10 pg
rV270), and those both immunized with SV1, SV2 (200 pg F1 + 100 pg rV270), live attenuated vaccine EV or alhydrogel
and challanged with Y. pestis, respectively. Double staining results showed that higher B cell proliferation in germinal centers
and more resting B cells in marginal zone (MZ) were observed in the tested animals than in the normal animal, and that more
resting T cells in periarterial lymphatic sheath (PALS) of the spleen tissues from the tested animals than from the normal ani-
mal, indicating that naive T cells might have undergone a proliferation process at earlier stages of the immunization. Germinal
centers in the control spleen tissues were incomplete, which was attributed to the histopathological lesions caused by virulent
Y. pestis. The size of germinal centers in the spleen tissues from the animals both immunized with SV1, SV2 or EV and infec-
ted with Y. pestis was larger than that from the animal only immunized with SV1. In conclusion, B cell proliferation, more
resting B cells, more resting T cells and expanded germinal centers are the signs of eliciting specific humoral immunity and
keeping immune memory response. These results were also consistent with results of our previous study that the immunized an-
imals with SV1, SV2 or EV elicited higher antibody and Il.-4 production.
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Plague is a zoonotic disease caused by Gram-nega-
tive bacterium Yersinia pestis (Y. pestis), which
is usually transmitted to humans from infected ro-

dents via the bite of an infected flea"'”.

Historical-
ly, plague was an awful infectious disease afflicting
human populations and re-shaping the human civi-
lization, leading to millions of deaths. Plague has
been classified as a re-emerging disease recently by
the World Health Organization'™ and has attracted
a considerable attention because of its potential
misuse as an agent of biological warfare or bioter-
rorism7,

Both live attenuated and killed whole cell vac-

cines against plague have been used in humans

since the early part of the 20™ century. However,
killed whole cell vaccines against Y. pestis only
have a short protection against bubonic plague and
are needed for frequent boosting to maintain immu-

L) Live attenuated vaccine EV was effective a-

nity
gainst bubonic and pneumonic plague, but it
showed side effects of varying severity and has not
been used in the Western world"™*!. The DNA vac-
cine based on Y. pestis F1 and LcrV antigens alone
or in combination was efficacious against both bu-
bonic and pneumonic plague”™. However, DNA
vaccines usually elicit lower and slower immune re-
sponses than conventional vaccines, and gene gun

immunization that delivers DNA-coated particles
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into the dermis of the skin needs to be used for im-

-19J " In contrast, sub-

proving immune responses
unit vaccines have obvious advantages over the tra-
ditional vaccines and DNA vaccines in terms of
safety of use. At present, the plague subunit vac-
cines, including F1 and V antigen, are being devel-
oped™t,

To develop a safe and effective plague subunit
vaccine, we have extracted the highly-purified nat-
ural F1 antigen from Y. pestis EV by a new purifi-
cation strategy''”) and prepared a non-tagged rV270
protein containing amino acids 1 to 270 of LcrV by

03] The subunit vaccine com-

thrombin digestion
prising a dose level of 20 ug F1 and 10 pg rV270
that were adsorbed to 25% (v/v) alhydrogel in
PBS buffer (SV1) has been identified as the opti-
mal formula in mice, which provided a good pro-
tective efficacy against Y. pestis challenge in mice,
guinea pigs and rabbits*,

To further observe the dose-dependent effica-
cy and safety of the subunit vaccine F1 + rV270, a
much higher dose level of SV2 (200 pg F1 + 100 pg
rV270 + alhydrogel in PBS) was designed. Rhesus
macaques were used to evaluate the protective effi-
cacy of the vaccines SV1, SV2 or live attenuated
vaccine EV (not contains alhydrogel adjuvant) a-
gainst virulent Y. pestis challenge. During the ani-
mal experiment, one of four immunized animals in
SV1 group was dead after transportation from Bei-
jing to Qinghai, which may caused by high altitude
reaction. Complete protection was observed in oth-
er immunized animals against subcutaneous chal-
lenged with 6 X 10°CFU of virulent Y. pestis strain
141, whereas the control animals succumbed to a
same dose of Y. pestis 141 challenge within 3 to
5 days. We the antibody
among SV1, SV2 and EV in Chinese-origin Rhesus

macaques. There was no significant anti-F1 IgG ti-

compared responses

ter difference among three groups of immunized an-
imals after immunization. Post-mortem analysis of
Y. pestis load in different organs of the animals
that survived from the challenge showed that
Y. pestis has been eliminated from the survived
animals, whereas Y. pestis have been isolated from
organs of the two control animals that died of chal-
lenge.

In the present study, we examined T and B
lymphocyte proliferation of spleen samples ob-

tained from one dead animal immunized with SV1,

the other immunized Rhesus macaques with SV1,
SV2, EV or aluminum hydroxide adjuvant in PBS
buffer after challenging with virulent Y. pestis
strain 141, and one normal animal by means of im-
munohistochemistry. To our knowledge, this is
the first report that T and B lymphocyte prolifera-
tion was identified in spleen tissues after immuni-
zation of plague subunit vaccine or infection of

Y. pestis.

Materials and methods

Vaccines and animals

The subunit vaccine F1 + rV270 comprised n-
ative F1 and rV270 antigens that were adsorbed to
25% (v/v) aluminum hydroxide adjuvant in PBS
buffer. Adsorption of the proteins to the adjuvant
was checked by subtracting protein in the superna-
tant from the total amount of proteins added. The
live attenuated vaccine EV was obtained from the
Lanzhou Institute of Biological Products (LIBP),
China. Adult male and female Chinese Rhesus ma-
caques were obtained from Laboratory Animal Cen-
ter, Academy of Military Medical Science, China
(licensed by Ministry of Health in General Logis-
tics Department of Chinese People’s Liberation Ar-
my). All the animals were 3-6 years old and
weighed between 3 and 6 kg. The animal experi-
ments were conducted strictly in compliance with
the Regulations of Good Laboratory Practice for
nonclinical laboratory studies of drug issued by the
National Scientific and Technologic Committee of
People’s Republic of China.

Animal immunizations

Fourteen Chinese Rhesus macaques were divid-
ed into four groups, including three experimental
groups and one control group. Each one of three
experimental groups contained four animals (two
male and two female), and the alum-immunized
control group had two animals (one male and one
female). Three experimental groups of animals
were intramuscularly injected in the forelimbs with
the vaccines SV1, SV2 or EV [1/2 of the human
dose (8X10° cells)], respectively. Each animal of
the control group was intramuscularly given 25%
aluminum hydroxide adjuvant only. After the first

immunization, all the animals were boosted with
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an identical dose at the same injection sites on day

21.

Challenge with Y. pestis

Rhesus macaques were challenged with the vir-
ulent Y. pestis 141 strain, which was isolated from
Marmota himalayana in Qinghai-Tibet Plateau and
has a median lethal dose (MLD) of 5. 6 colony-
forming Unit (CFU) for BALB/c mice, 17. 8 CFU
for guinea pigs and New Zealand White rabbits by
the subcutaneous route. All the immunized ani-
mals, except for one dead animal before being chal-
lenged, were challenged on week 10 after the pri-
mary immunization with 6 X10° CFU by the subcu-
taneous route, and then closely observed for 14
days. All the animal experiments were performed
in ABSL-3 laboratory.

Immunohistochemistry (IHC)

Samples from one dead animal in SV1 group
and two control animals were collected immediately
after death and fixed in neutral buffered 10% for-
malin. Other animals, including one normal animal
and other experimental animals, were necropsied
immediately after euthanasia at 14-day time point
and the harvested samples were fixed in neutral
buffered 10% formalin. IHC staining was per-
formed following the user's manual of the DS-0001
Polymer kit (ZSGB-Bio). Briefly, after paraffin-
embedded tissue sections were deparaffinized and
rehydrated, the sections were submitted to expose
antigen in citrate buffer solution by microwaving
for 20 min, and incubated with 3% H,O, in metha-
nol for 10 min to block endogenous peroxidase ac-
tivity. The sections were incubated with rabbit an-
ti-human CD79a monoclonal antibody and mouse
anti-human Ki67 monoclonal antibody for exami-
ning proliferating B lymphocytes, whereas rabbit
anti-human CD3 monoclonal antibody and mouse
anti-human Ki67 monoclonal antibody were used
for examining proliferating T lymphocytes. Nega-
tive control sections were incubated with PBS in-
stead of primary antibody. The sections were incu-
bated with the HRP-labeled goat anti-mouse IgG
or AP-labeled goat anti-rabbit IgG (ZSGB-Bio) for
30 min at 37 °C. The slides were stained with
3, 3’-diaminobenzidine tetrahydrochloride (DAB),
and then with AP-Red. Finally, the sections were
dehydrated, cleaned,

rinsed, counterstained,

mounted and examined by light microscopy.

Results

Evaluation of B cell proliferation in the

spleens

The spleen sections were double stained by
rabbit anti-human CD79a monoclonal antibody and
mouse anti-human Ki67 monoclonal antibody to de-
tect the B cells and proliferating cells, respective-
ly. The B lymphocytes were visualized as those ex-
pressing CD79a (mauve surface stain), and prolif-
erating cells were visualized as those expressing
Ki67 (straw yellow surface stain). Double staining
results showed that CD79a was expressed at a low
level (Figure la, yellow arrows) and no evident
Ki67 antigen expression was observed in folliculi of
the spleens from the normal animal (Figure la).
Compared with the normal animal, high-level ex-
pression of CD79a and Ki67 antigens was observed
in germinal centers of spleens from the animal only
immunized with SV1 (Figure le, blue arrow) or
those both immunized with SV1 (Figure 1b, blue
arrow) , SV2 (Figure 1c, blue arrow) or EV (Fig-
ure 1d, blue arrow) and challenged by Y. pestis.
In addition, single CD79a antibody staining could
be seen in marginal zone of spleens from the animal
only immunized with SV1 (Figure le, yellow ar-
row) or those both immunized with SV1 (Figure
1b, yellow arrow), SV2 (Figure lc, yellow ar-
row) or EV (Figure 1d, yellow arrow) and chal-
lenged by Y. pestis. We also found that the size of
germinal centers in the animal only immunized with
SV1 was smaller than that in animals both immu-
nized with SV1, SV2 or EV vaccine and infected
with Y. pestis. Double staining of the spleen tis-
sues from the control animals (Figure 1f) showed
that germinal centers were impaired, but high-level
expression of CD79a was found in marginal zone
(B-cell area, yellow arrow) of the spleens.

Single staining with Ki67 or CD79a was used
as the standard control to evaluate the results of
double staining. The staining with Ki67 mono-
clonal antibody showed high-level Ki67 expression
in germinal center (Figure 1lg, blue arrows),
whereas the staining with CD79a monoclonal anti-
body showed high-level CD79a expression both in

germinal center (Figure 1h, green arrow) and mar-
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ginal zone (Figure 1h, yellow arrows) of the
spleen tissue from the immunized animal. Negative
control spleen tissue that was incubated with PBS
instead of CD79a and Ki67 monoclonal antibody did

not show staining by IHC with the HRP-labeled
goat anti-mouse IgG and AP-labeled goat anti-rab-
bit IgG (Figure 11).

Fig. 1 Double staining of the spleen sections with rabbit anti-human CD79a monoclonal antibody and mouse anti-human Ki67

monoclonal antibody to examine the proliferating B cells

The spleen sections were from the normal Rhesus macaque (a), the animal immunized with SV1 and infected with

Y. pestis (b), the animal immunized with SV2 and infected with Y. pestis (¢), the animal immunized with EV and in-

fected with Y. pestis (d), the immunized animal with SV1 (e), the control animal infected with Y. pestis (f). Single

staining with Ki67 or CD79a was used as the standard control. The staining with Ki67 monoclonal antibody for evalua-

tion of proliferating cells (g), the staining with CD79a monoclonal antibody for examining B cells (h), negative control
spleen tissue that was incubated with PBS instead of CD79a and Ki67 monoclonal antibody (i).

The intensity of Ki67 and CD79a antigen ex-
pression in paraffin-embedded spleen tissue sec-
tions by IHC staining was subjectively scored using
following system according to Confer’s report™®

and summarized in Table 1.

Evaluation of T cell proliferation in the
spleens

The spleen sections were double stained using
rabbit anti-human CD3 monoclonal antibody and
mouse anti-human Ki67 monoclonal antibody to de-

termine T cells and the proliferating cells, respec-

tively. T cells expressing CD3 were visualized as
mauve surface stain, and proliferating cells were
visualized as those expressing Ki67 (straw yellow
surface stain). Double staining results showed that
CD3 was expressed at a low level in periarterial
lymphatic sheath (PALS) T-cell area (Figure 2a,
yellow arrows) and no evident Ki67 antigen ex-
pression was observed in white pulp of the spleen
from the normal animal (Figure 2a). Compared
with the normal animal, high-level expression of
CD3 or Ki67 antigen was observed in PALS T-cell
areas (yellow arrows) or germinal center B-cell ar-

eas (blue arrows) of the spleens from the animal
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only immunized with SV1 (Figure 2e) and those
both immunized with SV1 (Figure 2b), SV2 (Fig-
ure 2c¢) or EV (Figure 2d) and challenged by
Y. pestis. Double staining of the spleen tissues
from the control animals (Figure 2f) showed high-
level expression of CD3 in T-cell area (yellow ar-
rows) of the spleens, but germinal centers were
impaired.

Single staining with Ki67 or CD3 monoclonal
antibody that was used as the standard control
shows high-level Ki67 (Figure 2g) or CD3 (Figure

2h) expression in B-cell area (blue arrows) or T-

cell area (yellow arrows) of the spleen tissue from
the immunized animal. Negative control spleen tis-
sue that was incubated with PBS instead of CD3
and Ki67 monoclonal antibody did not show stai-
ning by ITHC with the HRP-labeled goat anti-mouse
IgG and AP-labeled goat anti-rabbit 1gG (Figure
21).

The intensity of Ki67 and CD3 antigen expres-
sion in paraffin-embedded spleen tissue sections by

THC staining was subjectively scored as described

above and also summarized in Table 1.

Fig. 2 Double staining of the spleen sections with rabbit anti-human CD3 monoclonal antibody and mouse anti-human Ki67 mono-

clonal antibody to examine the proliferating T cells

The spleen sections were from the normal Rhesus macaque (a). the animal immunized with SV1 and infected with

Y. pestis (b), the animal immunized with SV2 and infected with Y. pestis (c). the animal immunized with EV and in-

fected with Y. pestis (d), the immunized animal with SV1 (e), the control animal infected with Y. pestis (f). Single

staining with Ki67 or CD3 was used as the standard control. The staining with Ki67 monoclonal antibody for evaluation

of proliferating cells (g), the staining with CD3 monoclonal antibody for examining T cells (h), negative control spleen

tissue that was incubated with PBS instead of CD3 and Ki67 monoclonal antibody (i).

Discussion

Y. pestis is a facultative intracellular bacterial
pathogen that can survive within macrophages and
go on to express various virulence determinants

[16]

until the latest stages of infection"'*’. It is general-

ly accepted that an ideal plague vaccine should have
both humoral and cellular immune responses. Hu-
moral immunity relies on antibodies to neutralize
extracellular bacteria and toxins, while cellular im-

munity contributes to elimination of intracellular
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Tab. 1
lenged with Y. pestis

T and B cell proliferation responses in the spleen sections of Rhesus macaques immunized with plague vaccines and chal-

B lymphocytes

T lymphocytes

Groups of Rhesus macaques

CD79a Ki67 CD79a + Ki67 CD3 Ki67 CD3 + Ki67
Negative control — — X — _ %
Normal + — X + _ >
Control ++ ++ ++ ++ ++ X
SvV1 +++ +++ +++ ++ ++ X
SV1 + Infection +++ +++ +++ +++ +++ X
SV2 + Infection +++ +++ +++ +++ +++ X
EV + Infection +++ +++ +++ ++ +++ X
Note: The scoring system is as follows: “—”, no detectable antigen; “-+”, antigen faintly detected; “-+ +”, moderate

expression; “—+ —+ -+, high-level antigen staining; “X”,

pathogens. It has been demonstrated that cell-me-
diated immunity is important for a plague vaccine

to protect against pulmonary Y. infec-

[17]

pestis
. In our previous study, analysis of anti-F1
and anti-rV270 IgG1/IgG2 subclasses in the immu-

nized mice with SV1™* and determination of serum

tion

cytokines in the immunized Rhesus macaques with

SV1, SV2 or EV showed that EV could induce

immunity"'®,

both humoral-and cell-mediated
whereas effective cellular immunity was not dem-
onstrated in subunit vaccines in alhydrogel. These
results are consistent with the other reports that
subunit vaccines effectively induce robust respon-
ses for IgG1l, suggesting a Th2 humoral-mediated
immunity, whereas live attenuated vaccine EV re-
sponded with the predominant production of IgGl
and IgG2a isotypes, indicating both Th2 and Thl

[19-20]

responses . The potential of the live attenuated

vaccine to elicit a Thl response is the characteristic
of cell-mediated immunity'® 7+ 2!

In our previous study, a single immunohisto-
chemical staining with CD79a (a B cell marker) for
B cells or CD3 (a T cell marker) for T cells was
used to identify proliferating B or T cells in paraf-
fin wax sections of the spleens from the immunized
Rhesus macaques with plague vaccines. The results
indicated that the spleen tissues from the immu-
nized animals with plague vaccines exhibit statisti-
cally more B and T cells than those from normal
animal that was neither immunized nor infected
with Y. pestis (data not shown). However, it is
unclear that whether these cells represent prolifer-
ating B and T cells. A nuclear antigen Ki-67 ex-
pressed in the G1, G2, S, and M phases but not
the GO phase of the cell cycle has been widely used

as a marker of proliferating or cycling cells"*?!, In

no combined staining.

the present study, we use expression of the Ki-67
antigen combining with that of CD79a or CD3 to i-
dentify proliferating B or T cells in response to im-
munization or infection by immunohistochemistry.
To our knowledge, this is the first report that T
and B lymphocyte proliferations were determined
in spleen tissues after immunization with plague
subunit vaccines or infection with virulent Y. pes-
tis.

The spleen tissues from the Rhesus macaques
immunized only with SV1 and from those both im-
munized with SV1, SV2 or EV and challenged
with virulent Y. pestis showed the formation of
germinal centers in splenic follicle. Except for in-
complete germinal centers in the control tissues,
all the germinal centers are intact and are surroun-
ded by a concentric ring of marginal zone lympho-
cytes. Double staining with CD79a and Ki67 indi-
cated that in addition to greater proliferating B
cells are localized in the germinal centers, a large
numbers of resting B cells are recruited to the mar-
ginal zone of splenic follicle. These results are con-
sistent with other reports that within GC, activa-
ted B cells undergo vigorous proliferation, somatic
mutation of IgV region genes, Ig isotype switc-
hing, and selection after interaction with specific

[2524]  Marginal zone B cells in spleens are

antigens
thought to be part of the recirculating memory B-
cell pool. After marginal zone B cells migrate into
the germinal center, they can present the antigen
to the germinal center B cells. The follicular center
cells bound to the presented antigen can proliferate
and form the germinal center reaction, thus expan-
ding the pool of B cells responding to the antigen
and differentiating into plasma cells secreting anti-

gen specific immunoglobulin and new memory B
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cellst,

It is evident that germinal center forma-
tion, greater proliferating B cells in the germinal
centers and a large numbers of resting B cells in
the marginal zone of splenic follicle are the signs of
eliciting specific humoral immunity and keeping
immune memory response.

Our results also showed that the size of germi-
nal centers in the spleens of animals immunized
with SV1, SV2 or EV and then infected with viru-
lent Y. pestis was significantly increased compared
with that of the animal only immunized with SV1.
The germinal center reaction is the basis of T-de-
pendent humoral immunity against foreign patho-
gens. Germinal centers represent a unique collabo-
ration between proliferating antigen-specific B
cells, T follicular helper cells, and the specialized
follicular dendritic cells that constitutively occupy
the central follicular zones of secondary lymphoid
organs. The primary function of germinal centers
is to produce the high-affinity antibody-secreting
plasma cells and memory B cells that ensure sus-
tained immune protection and rapid recall respon-
ses against previously encountered foreign anti-

[25] " Given that in our previous study, a signif-

gens
icant anti-F1 antibody titer boost was observed in
three groups of the immunized Chinese-origin Rhe-
sus macaques after challenge with virulent Y. pes-
tis'%, There is a positive correlation between the
level of antibody production and the expansion of
germinal centers after reencountering the same an-
tigens. This correlation is consistent with a report
that rechallenge with T cell-dependent Ags induces
memory B cells to re-enter germinal centers and
undergo further expansion and differentiation into
plasma cells (PCs) and secondary memory B
cellst™,

Additionally, in our previous study of immu-
nological responses and protective efficacy of SV1,
SV2 and EV in Rhesus macaques, three tested
groups of Rhesus macaques had significant higher
11.-4 level than that in the control group. It has
been demonstrated that 11.-4 is an important activa-
tor of humoral immunity and implicate in both an-
timicrobial host defense and pathogenesis of disea-
There-
fore, antibody production in the immunized Rhesus
macaques with SV1, SV2 or EV is based on prolif-

erating B cells in germinal center and the produc-

ses with an inflammatory component!,

tion of cytokine IL.-4. Antibody titer is the indica-

tor reflecting the state of humoral immunity, and
11.-4 is a Th2 cytokine that promotes antibody de-
pendent immune responses*.

T cell proliferation is an indicator reflecting

the state of cellular immunity™"?,

In a previous re-
port on lymphocyte proliferation, the ability of the
peptides or peptide conjugates of Y. pestis F1 anti-
gen to induce a cell-mediated immunity response
was evaluated in vitro by detecting the splenocyte
proliferative response in outbred mice. High T cell
proliferation was observed after peptide-primed
spleen cells were stimulated in vitro with the pep-
tides and peptide conjugates of F1 antigen™. To
identify whether proliferation of T cells is elicited
in response to immunization or infection in second-
ary lymphoid tissue, the spleen tissues from the
only immunized Rhesus macaques with SV1 and
from both immunized animals with SV1, SV2 or
EV and challenged with virulent Y. pestis were an-
alyzed by immunohistochemistry. Double staining
of spleen tissues with anti-CD3 monoclonal anti-
body and anti-Ki67 monoclonal antibody showed no
proliferating T cell in PALS (T-cell area), but
there are more resting T cells recruited to T-cell
area compared with normal spleen tissue. These
results indicated that T lymphocyte proliferation
may occur at earlier stages of immunization or in-
fection because the tissues were only examined 70
days after the immunization or 14 days after infec-
tion with Y. pestis. Although T-cell proliferation
was not observed by double staining method in
PALS of the spleen tissues, we can indirectly as-
sess the extent of T-cell proliferation by compari-
son with the normal tissue. More resting T cells in
PALS indicated that naive T cells in spleens have
ever undergone a proliferation process after they
encounter antigen first in the T-cell zone of
spleens. Normally memory T cells similar to naive
T cells stay quiescent in the G, phase of the cell cy-
cle, which have longer life span than naive T
cells®**?*, Therefore, the resting T cells in PALS
of spleens may be mainly composed of memory T
cells. Following antigen stimulation, quiescent T
cells exit the GO phase and enter into the cell cycle
to undergo cell division. Cell division drives clonal
expansion to generate a pool of T cells that are ca-
pable of recognizing a specific antigen**,

The germinal centers in the immunized ani-

mals are intact and are surrounded by a concentric
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ring of marginal zone lymphocytes, whereas they
are incomplete in the control animals. This result
is attributed to the histopathological lesions caused

[34]
’

by virulent Y. pestis. In our previous study

the spleen tissues from the Rhesus macaques both
immunized with SV1, SV2 or EV and infected with
virulent Y. pestis and from the control animals
were examined by histopathological methods.
Compared with the spleen tissues of normal ani-
mal, no change in histopathology was found in all
examined tissues of the immunized animals with
SV1, SV2 and EV, whereas the control animals
The

control spleen tissues had the reduced number of

showed evident alterations in the spleens.

white pulp, acinus lienalis and lymphocytes and

displayed splenic cord dropsy.
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