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Haemorrhagic septicaemia (HS) is a globally renowned disease that affects cattle and buffaloes. Its
effects on the reproductive system have not been previously studied. The present study evaluated the
pathological responses in pre-pubertal female buffaloes infected with immunogens; lipopolysaccha-
ride (LPS) and outer membrane protein (OMP) derived from P. multocida type B:2. Fifteen healthy
pre-pubertal female buffaloes were divided into 5 equal groups. Buffaloes in groups 1 and 2 were
intravenously and orally inoculated with P. multocida LPS, while those in groups 3 and 4 were sub-
cutaneously and orally inoculated with P. multocida OMP. Buffaloes in group 5 were inoculated
with sterile phosphate buffered saline (negative control). During the post infection period, all buffa-
loes were examined for clinical signs throughout 21 days and surviving animals were euthanised for
postmortem evaluation. Histopathological evaluation of buffaloes inoculated intravenously with LPS
showed a significantly higher occurrence (P<0.05) of necrosis and degeneration in the uterine horn
and supramammary glands . Following inoculation with OMP, haemorrhage and congestion was sig-
nificantly higher (P<0.05) in the ovaries, cervix, vagina, mammary and supra-mammary glands of
buffaloes inoculated subcutaneously, while necrosis and degeneration and inflammatory cell infiltra-
tion in different organs was also significantly increased in the same group. The findings showed that
both P. multocida bacterial LPS and OMP affected the uterine horn, ovaries, cervix, mammary gland
and supramammary lymph nodes of buffalo calves inoculated either intravenously or subcutaneously,
as compared to those inoculated orally.
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ductive organs, pre-pubertal buffaloes
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Pasteurella multocida is a Gram negative
capsulated coccobacillus, which is prima-
rily a secondary invader in pneumonia of
cattle, swine, sheep, goats and other spe-
cies (Carter & Wise, 2003). Serotypes B
and E are the most common and can cause
haemorrhagic septicaemia, which is an
acute disease principally affecting cattle
and water buffalo in tropical and sub-
tropical regions (Hirsh et al., 2005). The
ability of P. multocida to cause diseases in
different species of animals is mainly due
to its specific virulence factors, e.g. LPS,
capsule, adhesions and outer membrane
proteins (OMP), which allow the bacteria
to invade the host cells (Boyce et al.,
2010).

LPS (lipopolysaccharide) is an inte-
gral outer membrane component of Gram-
negative bacteria, with a critical role in
the disease process by interacting directly
with innate host immune defense (Reatz &
Whitefield, 2002). It confers serum resis-
tance and is a major virulence determinant
of P. multocida. The OMP enhances the
colonisation by the bacterium by binding
to host extracellular matrix proteins like
fibronectin. It also serves as bacterial pro-
tective surface antigen and was reported
to have a remarkable heterogenicity in
different strains isolated from different
animal species (Wilson et al., 2011; Wil-
son & Ho, 2013). The OMP also plays an
important role in the hosts’ immune re-
sponse to the bacterium and have been
used to develop vaccines against the bac-
terium (Hatfaludi et al., 2010). In a recent
study, P. multocida outer membrane vesi-
cles (OMVs); OmpA, OmpH, and P6
were shown to ellicit immune response in
mice. However, for conferment of com-
plete immunity, immunisation with both
P. multocida and M. hemolytica was rec-
ommended (Roier et al., 2013).
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Currently, in Malaysia, P. multocida is
generally controlled by the use of killed
whole cell vaccines and the case fatality is
high during the raining season, when most
outbreaks occurred (Jesse et al., 2013).
Based on our earlier studies on mice
model, we observed significant pathologi-
cal responses in different organs of mice
inoculated with P. multocida surface pro-
teins. Incidentally, we also observed sig-
nificant lesions in the reproductive system
(Abdullah et al., 2015). Thus, since there
is paucity of literature on the pathology
associated with inoculation of these sur-
face components (LPS and OMP) in the
natural host, this study was designed to
fulfill that, with a particular focus on the
reproductive system of the female buffalo.

Fifteen clinically healthy, non-preg-
nant female buffalo calves of approxi-
mately 8 months of age were selected and
divided into five groups of three animals
each. The buffaloes were acclimatised for
2 weeks prior to the experiment and
anthelmintic (Ivomectin, Suffolk, UK)
treatment was administered subcutane-
ously at the rate of 0.2 mg/kg body weight
for three consecutive days to control in-
ternal parasitism which have been shown
to influence disease development (Zamri-
Saad et al., 2006). Concurrently, deep
nasal and vaginal swabs were collected
weekly from all buffaloes and examined
for the presence of P. multocida by bacte-
rial isolation and polymerase chain reac-
tion methods to ensure that the calves
were free from P. multocida (El-Eragi et
al., 2001). The calves were kept in indi-
vidual pens, fed cut-grass and supple-
mented with palm kernel based pellets at
the rate of 400 g/calf twice daily. Drinking
water was given ad libitum.

The wild type P. multocida type B:2
used in this study were obtained from a

233



Clinical and histopathological study on reproductive lesions caused by Pasteurella multocida type B2....

stock culture from the Veterinary Re-
search Institute, Ipoh, Perak. Identifica-
tion of P. multocida type B:2 was done
using the Gram staining method and bio-
chemical characterisation of oxalase, urea
broth, Sulfide Indole Motility (SIM), Tri-
ple Sugar Iron (TSI) and citrate tests. To
achieve a single colony of the P.multocida
type B:2, a pure stock culture that was
stored on nutrient agar slants were sub
cultured on 5% horse blood agar and in-
cubated at 37°C for 18 h. Consequently,
P. multocida type B:2 was selected to
grow on Brain Heart Infusion (BHI)
broth, incubated in a shaker incubator at
37°C for 24 h before the concentration
was determined using McFarland Nephe-
lometer Barium Sulfate Standards. Prepa-
ration of 10'* colony forming unit (cfu) of
P. multocida was performed by adding
distilled water onto pure cultures of P.
multocida before the bacteria was trans-
ferred into the sterile test tubes. These
sterile test tubes were then compared with
McFarland standard to determine the 10"
cfu of P. multocida.

The lipopolysaccharide (LPS) was ex-
tracted using Intron Biotechnology LPS
extraction kit. The whole cells were cen-
trifuged for approximately 30 s at 13,000
rpm at room temperature. SDS-PAGE was
used to confirm the absence of protein in
the extracted LPS. The extraction of OMP
consisted in freezing freshly harvested cell
pellets for 24 h prior to extraction. The
cell pellets were then thawed for 15 min
on ice and were re-suspended in 10 mL of
native lysis buffer. The cells were then
incubated on ice for 30 min followed by
centrifugation at 14,000 rpm for 30 min at
4 °C. Lastly, the supernatant containing
the soluble fraction of the bacterial outer
membrane proteins was retained and sub-
jected to SDS-PAGE to locate the range
of protein bands present in the extract.
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The research was conducted in accor-
dance with the guidelines of the Institu-
tional Animal Care and Use Committee
(IACUC), University Putra Malaysia and
was approved by IACUC No: R048/2014.

At the start of the experiment, the buf-
falo calves were divided into five groups
of three calves each. Prior to the com-
mencement of the experiment, all buffa-
loes were injected intramuscularly with
dexamethasone at the dose rate of 1 mg/kg
for three consecutive days, in order to
mimic natural stress conditions experi-
enced by the animals in the wild. At the
end of the dexamethasone treatment, buf-
faloes in Group 1 (LPS I.V. group) were
inoculated intravenously with 10 mL of
LPS from 10" of P. multocida type B:2
colony, while those in Group 2 (LPS Oral
group), were inoculated orally with 10 mL
of LPS from 10'? of colony P. multocida
type B:2 using a stomach tube. Buffaloes
in group 3 (OMP Subcutaneous group)
and 4 (OMP Oral group) were subcutane-
ously and orally inoculated with 10 mL of
P. multocida OMP at 1x10" cfu, respec-
tively, while those in group 5 (negative
control) were inoculated with 10 mL of
sterile phosphate buffered saline (PBS)
pH 7 and served as the negative control.
During the post infection period, all buffa-
loes were observed for clinical signs
throughout a period of 21 days.

At the end of the study, surviving buf-
faloes after 21 days were sedated with
xylazine (0.3 mg/kg) euthanised by ex-
sanguination for post mortem evaluation
of the reproductive organs (ovary, ovi-
duct, uterine horn, uterine body, vagina,
cervix), supramammary lymph nodes and
mammary gland. Organs were collected in
10% buffered formalin, processed using
routine histology preparation technique
and stained with hematoxylin and eosin
(H&E).
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Lesions were scored by examining du-
plicate slides for each animal in a group,
where 6 fields per slide were observed at
200xmagnification and average were cal-
culated for each slide. The histopathologi-
cal changes observed were classified into
haemorrhage and congestion; necrosis and
degeneration; inflammatory cell infiltra-
tion and oedema. The changes were sco-
red as followed: 0: normal (normal tis-
sue); 1: mild (less than 25% tissue af-
fected); 2: moderate (less than 50% tissue
affected) and 3: severe (more than 65%
tissue affected) as reported previously
(Jesse et al., 2015). All data (mean+SD)
were analysed using Students’ t-test (IBM
SPSS Statistics 22 software) with differ-
ences considered significant at P<0.05.

The major clinical signs and symptoms
observed in buffalo calves following in-
oculation with P. multocida LPS and
OMP are summarised in Table 1. Hyper-
thermia and mild respiratory distress were
observed in all inoculation groups, except
the negative control group. Only buffaloes
inoculated with OMP subcutaneously died
after 72 h, while all other inoculation
groups survived until the end of the ex-
perimental period (21 days). Congestion
of the mucous membrane was only seen in
calves inoculated i.v. with LPS, and s.c.
with OMP, subcutaneously.

At postmortem, the most obvious
gross change observed in the reproductive
organs was congestion in both the LPS
and OMP inoculation groups. Congestion
was mostly mild to moderate in the ova-
ries, oviduct, uterine horn and uterine
body. In addition, there was also an
enlargement of the supra-mammary lymph
nodes. The negative control animals did
not show any lesions at postmortem ex-
amination.

The histopathological changes ob-
served in all the organs following inocula-
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tion with LPS are summarised in Table 2.
Pathological evaluation showed no sig-
nificant difference (P>0.05) in haemor-
rhage and congestion, and oedema be-
tween the two groups inoculated with bac-
terial LPS. On the other hand, there was a
significantly higher distribution (P<0.05)
of necrosis and degeneration in the uterine
horn and supra-mammary glands of calves
inoculated intravenously (Fig. 1). Simi-
larly, inflammatory cell infiltration was
significantly higher (P<0.05) in the ute-
rine horn and mammary gland of calves
from the oral inoculation group (Fig. 2).

Following inoculation with OMP,
haemorrhage and congestion were signifi-
cantly more pronounced (P<0.05) in the
ovaries, cervix, vagina, mammary and
supra-mammary glands of buffaloes in-
oculated s.c. along with a significant in-
crease in the severity of necrosis and de-
generation in the ovary, uterine horn, uter-
ine body, mammary and supramammary
glands (Table 2). Furthermore, inflamma-
tory cell infiltration was significantly
higher (P<0.05) in the oviduct, uterine
horns, uterine body (Fig. 3), vagina and
supra-mammary glands of buffaloes in-
oculated s.c. with bacterial OMP.

The study describes the effects of P.
multocida type B:2 immunogens (LPS and
OMP) on the reproductive system of pre
pubertal female buffaloes which have not
been documented so far. During the past
years, it has been reported that mice are
exquisitely susceptible to P. multocida
(Dawkins et al., 1990; Hodgson et al.,
2013; Wilson & Ho, 2013). The studies
made several observations using P. multo-
cida in different strains of mice and con-
cluded that P. multocida could produce
100% mortality in mice. Besides that, oral
inoculation of mice with P. multocida
type B:2 resulted in the development of
clinical signs as seen in the intraperitoneal
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inoculation with the same organism as
described in an experiment done by
Dawkins et al. (1990) and Jesse (2011).
Furthermore, the histopathological lesions
observed were also similar to those in
cattle infected naturally and experimen-
tally with P. multocida type B:2 (Hora-
dogoda et al., 1991; Khin et al., 2010).
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Fig. 1. Photomicrograph of the uterus (LPS
intravenous inoculation), showing numerous
inflammatory cells (arrowheads) and necrotic
endometrial glands (arrows) in the endo-
metrium, H&E, bar=100 pm.
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Fig. 2. Photomicrograph of the uterus (LPS
oral inoculation), showing numerous inflam-
matory cells (arrow heads) and degenerating
endometrial glands (arrows) in the endo-
metrium, note the presence of proteinaceous
matrix (P), bar=100 pm.
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Fig. 3. Photomicrograph of the uterine body
(OMP subcutaneous inoculation), showing
few inflammatory cell infiltration and dilated
glands in the endometrium (arrows), H&E,
bar=100 pm.

In a previous study, we demonstrated
the pathological lesions in the reproduc-
tive system of male and female mouse
infected with the bacteria. We also ob-
served that the testis and ovaries were
among the the important organs of mice
affected by P. multocida and its LPS (Ab-
dullah et al., 2015). Our findings in the
study were similar to a previously re-
ported study (OIE, 2008), following oral
inoculation of the bacteria in mice. In this
study, we observed the uterine horn to be
the most susceptible location for the LPS
as evidenced by infiltration of inflamma-
tory cells and degeneration and necrosis.
We also observed that route of inoculation
played a significant role in the lesion se-
verity in the uterine horn, mammary gland
and supramammary glands. Previously,
Wilson & Ho (2013) have reported the
bacterial LPS to be a major virulence de-
terminant in P. multocida infections; this
may be the reason for the pathology ob-
served especially following i.v. inocula-
tion. Inoculation with the bacterial OMP
showed more lethality after subcutaneous
inoculation as death was recorded in all
animals in the group. The literature on the

239



Clinical and histopathological study on reproductive lesions caused by Pasteurella multocida type B2....

virulence of the P. multocida bacterial
OMP is scarce; however, its ability to
immunise rabbits and mice as well as its
ability to evade phagocytosis by macro-
phages has been reported (Srivastava,
1998). This may explain the high viru-
lence of the OMP especially following
subcutaneous inoculation, since dendritic
cells and macrophages are the first point
of contact with the defense system. From
our previous study in mice model, inocu-
lation with P. multocida LPS produced
more severe lesions following oral inocu-
lation than was currently observed in the
buffalo (Abdullah et al., 2015). Here, the
species variation and body mass may have
contributed to lesser severity observed in
the buffalo. Since the i.v. inoculation has
showed more severe lesions, the inocula-
tion dose may have played a role in the
oral route as well. Even though heteroge-
neity of Pasteurella OMP has been re-
ported in chickens, it is yet to be exten-
sively studied in other species, and may
serve a very important and critical func-
tion in the pathogenesis of the disease in
these species (Wilson & Ho, 2013). Fur-
thermore, extensive studies are required in
order to fully understand the exact mecha-
nisms involved in the pathogenesis of the
lipopolysaccharide and outer membrane
protein in the female reproductive system
and its association with infertility.

This study has shown evidence of both
clinical and histopathological changes in
buffalo heifers inoculated with P. multo-
cida LPS and OMP. The bacterial LPS
has shown more severe lesions following
1.v. inoculation, while the OMP was more
severe following s.c. inoculation. The
bacterial OMP was more lethal to buffa-
loes as 100% mortality was observed in
the inoculated group after 72 hours.
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