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Abstract 
 

Haemorrhagic septicaemia (HS) is an important disease of cattle and buffaloes worldwide, caused by 
Pasteurella multocida type B: 2 and type E. Here, we evaluated the clinical signs, gross and histopathological 
changes as well as molecular detection of P. multocida in various organs of mice following oral inoculation with 
graded doses of the bacterium. A total of 32 healthy mice were divided into four groups of 8 mice each where each 
group was inoculated orally with 0.4ml of P. multocida type B: 2 at the dose of 10³ (Group 1), 105 (Group 2) and 107 
(Group 3) colony forming unit (CFU) respectively, while Group 4 served as a control. Post-mortem examination 
was conducted and gross lesions were observed. Tissue samples were collected for molecular detection and histo-
pathological processing. All mice from the challenged groups showed almost no significant (P>0.05) clinical signs. 
Evidently, the severity of histo-pathological lesions in various organs was significantly high in groups 2 and 3. 
Through polymerase chain reaction detection (PCR), P. mulltocida type B: 2 was detected in all the experimental 
groups. Overall, the oral inoculation of mice at different doses of P. multocida type B: 2 results in clinical signs and 
histopathological lesions of haemorrhagic septicaemia infection. 
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Introduction 

 
Haemorrhagic septicaemia (HS) is an acute, fatal, 

septicaemic disease of cattle and buffaloes caused by 
specific serotypes of the bacterium Pasteurella 
multocida (Abubakar and Zamri-Saad, 2010). The two 
common HS serotypes are known as Asian and African 
serotypes; designated as B: 2 and E: 2, respectively. HS 
principally affects cattle and buffaloes, however, 
buffaloes were found to be more susceptible to HS than 
cattle (Ashraf et al., 2011). The disease is characterized 
by a rapid course, high fever, loud and stertorous 
breathing, profuse salivation, severe depression and 
death within 24 hours. HS is of great economic 

importance in Asia where cattle and buffaloes are 
abundant; therefore most Asian countries regard HS as 
one of the most economically important bacterial 
disease of ruminants in the region (Benkirane and De 
Alwis, 2002). 

Mice can succumb to experimental HS infection 
following oral inoculation of graded doses of P. 
multocida type B: 2, as was previously documented 
using a higher dose of 109 (Hodgson et al., 2005). Faez 
Firdaus et al. (2013) stated that oral exposure of buffalo 
calves to live wild-type P. multocida type B: 2 showed 
clinical signs and pathological alterations that were 
characteristics of HS. Tabatabaei et al. (2002) 
demonstrated the susceptibility of mice to P. mulltocida 
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following intranasal and subcutaneous administration of 
graded doses of the bacteria. There is paucity of 
information on graded doses of infection via oral route. 
Therefore, this study was conducted to evaluate the 
dose dependent severity of P. multocida through 
evaluation of clinical and pathological (gross and histo-
pathological) changes that takes place in the infected 
mice. 
 
Materials and Methods 
 
Mice 

A total of 32 healthy ICR mice aged 5 weeks were 
used in this study. All the mice were obtained from the 
Institute of Cancer Research (ICR) and were kept at the 
Animal Research Centre, University Putra Malaysia 
(UPM) and housed in plastic cages. The mice were fed 
with commercial pellet and provided with water ad 
libitum. All the mice were observed for two weeks prior 
to the experiment for acclimatization. 
 
Inoculums 

The wild type P. multocida type B: 2 used in this 
study was obtained from stock culture obtained kept at 
the Veterinary Research Institute (VRI) Ipoh, Malaysia. 
Identification of P. multocida was made using the Gram 
staining method and biochemical characterization of 
oxidase, urea broth, sulphur indole motility (SIM), 
triple sugar iron (TSI) and citrate test. The pure stock 
culture was sub-cultured on 5% horse blood agar and 
incubated at 37˚C for 18 h. A single colony of the P. 
multocida was selected to grow on brain heart infusion 
(BHI) broth, incubated in a shaker at 37˚C for 24 h 
before the concentration was determined using 
McFarland Nephelometer Barium Sulfate standards. 
 
Experimental design 

The mice were divided into four groups of eight 
mice each. Groups 1, 2 and 3 were inoculated orally 
with 0.4 ml of P. multocida type B, with concentrations 
ranging from 10³, 105 and 107 colony forming unit 
(CFU) respectively. Group 4 served as the uninfected 
control group and was inoculated orally with 0.4 ml 
phosphate buffer saline (PBS). 
 
Evaluation of clinical signs 

Clinical signs such as ruffled fur, laboured 
breathing, alertness and ocular discharges were 
assessed for a period of 10 days. In summary, the 
clinical signs of the four groups were scored in scale of 
0-3 based on the presence of following parameters: 
ruffled fur, laboured breathing, alertness and ocular 
discharges. The score 0 represented no abnormality of 
clinical signs observed, 1 for mild (30% abnormality), 2 
for moderate (60% abnormality), 3 for severe (more 
than 60% abnormality). 

Mice that showed severe clinical signs and those 
survived after 10 days post-inoculation (pi) were 
euthanized using cervical dislocation and paired 
samples of organs such as heart, lung, spleen, liver, 
stomach, small intestine, kidney and brain were 
collected and fixed in 10% buffered formalin with the 
exception of brain where 40% buffered formalin was 
used for histopathology and for bacterial culture as well 
as for PCR detection. 
 
Bacterial culture and polymerase chain reaction  

Bacterial culture and polymerase chain reaction 
detection are used for the isolation and detection of P. 
multocida type B: 2 in the present study. All the 
samples were cultured on blood agar media and 
incubated for 24 h at 37°C. After the incubation period, 
morphological culture characteristics such as 
translucent, greyish colour, mucoid consistency and 
variation in size (ranging from rounded, convex, 
discrete colonies with circular edges to large watery 
colonies with flowing margin) were cultured back into 
blood agar for identification using PCR. 

DNA extraction from the bacterial colony was 
done by using the boiling method. Briefly, a few P. 
multocida colonies (3 to 5) from the blood agar culture 
were transferred into a 1.5ml Eppendorf tube containing 
50µl distilled water and the mixture was homogenized 
using a pipette. The suspension was then boiled at 
100°C for 15 min. After boiling, the suspension was 
immediately cooled on ice for 2 min and then 
centrifuged at 13,000 rpm for 5 min. The supernatant 
was carefully transferred into a new Eppendorf tube 
while the pellet was discarded.  

The primer for the amplification of the P. 
multocida was referenced to (OIE, 2012). The forward 
primer used was KMT1SP6: 5’-GCT-GTA-AAC-GAA-
CTC-GCC-AC-3’ while the reverse primer used was 
KMT1T7: 5’-ATC-CGC-TAT-TTA-CCC-AGT-GG-3’ 
for P. multocida in general, 0.1 mM concentration of 
each dNTP, 1.25 mM of MgCl2, 5 µL of PCR buffer, 
and 0.5µl of Taq DNA polymerase and 1 µl of template 
DNA per tube. The PCR was performed with a BIO-
RAD C1000 Touch™ Thermal Cycler, with an initial 
denaturation at 94°C for 5 min, followed by 30 cycles 
of denaturation at 94°C for 1 min, annealing at 56°C for 
1 min, extension at 72°C for 2 min, and final extension 
at 72°C for 5 min. Amplification products were 
separated by agarose gel electrophoresis (1.5% agarose 
in 1X TAE) at 81V for 30 min and stained with Gel 
Red. DNA fragments were viewed by UV illumination 
and photographed. 
 
Histopathology lesions scoring 

Lesions were evaluated by observing the histo-
pathological lesions such as inflammatory cells, 
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necrosis and haemorrhage under light microscopy. The 
lesions were scored based upon four categorizations; 
“0” for normal, “1” for mild, “2” for moderate and “3” 
for severe manifestation of lesions. Six microscopic 
fields were observed per slide and lesions of severity 
were recorded.  
 
Data analysis 

JMP 9 (SAS, QSAS Institute Inc, Cary, NC, USA) 
was used to analyse the data. Differences between 
values were considered significant at P<0.05. 
 
Results 
 
Clinical signs 

Clinical signs such as ruffled fur, level of alertness 
and laboured breathing were not significantly different 
(P>0.05) in all the treatment groups. Ocular discharge 
was significantly higher (P<0.05) in groups 3 (Table 1). 
 
Gross pathology 

Following post-mortem examination, organs from 
the treatment groups (1, 2 and 3) showed noticeable 
gross lesions which were absent in the control. The 
liver, kidney and spleen from the treatment groups were 
enlarged and congested with haemorrhages on their 
surfaces. The lungs were pale with discolorations and 
presence of froth on its cut surface, suggesting the 
presence of pulmonary oedema. Congestion and 
petechial haemorrhages were also observed along the 
intestinal tract, especially in the small intestine. 
 
Histopathology 

Inflammatory cell response was significantly 
(P<0.05) higher in lung and liver in group 3 compared 
to group 1 and 2. In group 2 animals, the heart and 

brain showed significantly high lesion score compared 
to animals in group 1 and 3 (Table 2).   

Necrosis was significantly high in group 1 (lung 
and kidney), group 2 (heart, intestine, spleen and brain) 
and group 3 (spleen and stomach). However, group 1 
had the lowest score of necrosis in the heart, liver, 
stomach and brain (Table 3). 

Haemorrhages lesion score was significantly high 
in group 3 in the organs of liver, heart and stomach 
compared to control (Table 4).   
 
Bacterial isolation and PCR confirmation 

P. multocida Type B: 2 was successfully cultured 
and confirmed by PCR from all the organs of 6 mice 
from group 1 in day 1, 2 and 10. However, in one of the 
mouse, P. mulltocida was only detected in the lung, 
heart, spleen, stomach and jejunum, while it was only 
detected in the jejunum, ileum, kidney and brain in 
another mouse. 

In group 2, P. mulltocida was successfully cultured 
and detected using PCR in all the organs on day 1, 2, 4 
and 5, except in the jejunum and ileum of two mice. 
Similarly, P.mulltocida was cultured and detected via 
PCR from all mice in group 3 on day 2, 3, 4 and 6, 
except in the lung and liver of two mice and duodenum 
and jejunum of four mice from the group. No positive 
result was detected in the control group (Fig. 1A, B, C, D). 

 
Discussion 
 

The clinical signs observed through oral 
inoculation of P. mulltocida type B: 2 in this study were 
similar to those reported by Jesse et al. (2013a&b) 
following intraperitoneal inoculation with the same 
bacteria. Therefore, this study had shown that mice can 
succumb to experimental HS infection following oral

 
Table 1: Mean scores of clinical signs observed after 10 days of post-inoculation with graded oral doses of P. multocida 

type B in mice   
 Group 1 (103 CFU) Group 2 (105 CFU) Group 3 (107 CFU) Group 4 (control) 
 Lesion Scores Lesion Scores Lesion Scores Lesion Scores 

1. Ruffled fur 0.96±0.28a 1.04±0.40a         1.04±0.37a 0.00±0.00a

2. Ocular discharges 0.00±0.00c 0.01±0.25b 0.24±0.19a 0.00±0.00c

3. Level of alertness 0.14±0.20a 0.19±0.19a 0.19±0.12a 0.00±0.00a

4. Laboured breathing 0.16±0.23a 0.37±0.29a 0.30±0.24a 0.00±0.00a

Values are expressed as mean ± SE, a, b, c Values within rows are significant at P<0.05 
 
Table 2: Distribution of inflammatory cell response in different groups 

Organs Group 1 (103 CFU) Group 2 (105 CFU) Group 3 (107 CFU)  Group 4 (control) 
 Lesion Scores Lesion Scores Lesion Scores Lesion Scores 
Lungs 2.14±0.04b 2.16 ± 0.14b 2.91 ± 0.09a 0.00 ± 0.00c 
Liver 1.51±0.04b 1.66 ± 0.08b 2.88 ± 0.13a 0.00 ± 0.00c 
Heart 1.25±0.11b 2.88 ± 0.13a 1.58 ± 0.09b 0.00 ± 0.00c 
Spleen 2.57±0.13a 2.96 ± 0.02a 2.54 ± 0.22a 0.00 ± 0.00b 
Stomach 1.66±0.09c 2.27 ± 0.16b 2.81 ± 0.12a 0.00 ± 0.00d 
Intestine 2.67±0,07a 2.65 ± 0.07a 2.65 ± 0.11a 0.00 ± 0.00b 
Kidney 1.99±0.15a 1.81 ± 0.18a 2.01 ± 0.14a 0.04 ± 0.01b 
Brain 0.66±0.04c 2.83 ± 0.18a 1.78 ± 0.05b 0.05 ± 0.02d 

Values are expressed as mean ± SE, a, b, c, d Values within rows are significant at P<0.05 
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Fig 1: Showing Positive PCR results for different organs in group 1(A) 2 (B) 3 (C) and negative result for control (D). 

Note the 590 bp location of the positive bands against 600bp on the ladder 
 
Table 3: Distribution of necrosis in different groups 

Organs Group 1 (103 CFU) Group 2 (105 CFU) Group 3 (107 CFU)  Group 4 (control) 
 Lesion Scores Lesion Scores Lesion Scores Lesion Scores 

Lungs 2.78 ± 0.14a 2.16 ± 0.14b 2.12 ± 0.17b 0.00 ± 0.00c

Liver 1.64 ± 0.09a 1.66 ± 0.08a 1.70 ± 0.15a 0.00 ± 0.00b

Heart 1.25 ± 0.11c 3.00 ± 0.00a 1.58 ± 0.09b 0.00 ± 0.00d

Spleen 2.57 ± 0.13b 2.96 ± 0.03a 2.98 ± 0.02a 0.00 ± 0.00c

Stomach 1.79 ± 0.09c 2.27 ± 0.16b 2.96 ± 0.04a 0.00 ± 0.00d

Intestine 2.68 ± 0.07b 2.94 ± 0.05a 2.65 ± 0.11b 0.00 ± 0.00c

Kidney 2.60 ± 0.19a 1.18 ± 0.18b 2.01 ± 0.14b 0.00 ± 0.00c

Brain 0.66 ± 0.05c 2.83 ± 0.18a 1.78 ± 0.05b 0.00 ± 0.00d

Values are expressed as mean ± SE, a, b, c, d Values within rows are Significant at P<0.05 
 
Table 4: Distribution of haemorrhage in different groups 

Organs Group 1 (103 CFU) Group 2 (105 CFU) Group 3 (107 CFU)  Group 4 (control) 
 Lesion Scores Lesion Scores Lesion Scores Lesion Scores 
Lungs 2.78 ± 0.14a 2.08 ± 0.17b 2.12 ± 0.17b 0.00 ± 0.00c

Liver 2.85 ± 0.12a 2.04 ± 0.26b 2.86 ± 0.12a 0.00 ± 0.00c

Heart 1.25 ± 0.11c 1.89 ± 0.25b 2.99 ± 0.01a 0.00 ± 0.00d

Spleen 2.95 ± 0.03a 2.44 ± 0.18ab 2.34 ± 0.24b 0.00 ± 0.00c

Stomach 1.92 ± 0.17b 2.27 ± 0.16b 2.96 ± 0.04a* 0.00 ± 0.00c

Intestine 2.73 ± 0.08ab 2.94 ± 0.05a 2.65 ± 0.11b 0.00 ± 0.00c

Kidney 2.25 ± 0.16b 2.96 ± 0.02a 2.01 ± 0.14d 0.00 ± 0.00c

Brain 1.10 ± 0.32c 2.99 ± 0.13a 1.78 ± 0.05b 0.00 ± 0.00d

Values are expressed as mean ± SE, a, b, c, d Values within rows are Significant at P<0.05 
 
inoculation of graded doses of P. multocida type B: 2, 
as was previously reported using a higher dose of 109 

(Hodgson et al., 2005). 

Detection of P. mulltocida in the lung, liver and 
spleen using PCR was earlier reported and was similar 
with the findings of Khaleel et al. (2014) and Jesse et 
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al. (2013b) using intraperitoneal, oral and the aerosol 
routes of inoculations in mice. Detection of P. 
multocida type B by PCR from heart, lungs, liver, 
spleen, stomach, and small intestines concurs with a 
previous study by McFadden et al. (2011) where 109 
CFU of P. mulltocida type B: 2 was detected from all 
organs of mice that died following oral inoculation. 

Oral inoculation of P. multocida type B: 2 into 
mice in the present study was able to produce 
pathological changes similar to the findings reported in 
experimental infection of mice and buffalo calves via 
oral exposure (McFadden et al., 2011; Faez Firdaus et 
al., 2013). However, the use of graded doses of P. 
multocida type B: 2 as used in this study was not 
previously reported in mice following oral inoculation. 
In this study, mice inoculated with 103 CFU of P. 
multocida showed lower inflammatory response, 
necrosis and haemorrhage in most organs, therefore, it 
can be deduced that the lesion severity is less due to the 
low dose of inoculation.  
 
Conclusion 

It was observed from this study, that oral 
inoculation of P. multocida type B: 2 at graded doses, 
was able to produce clinical infection which resulted in 
different clinical response and successful detection of 
the organism in different organs of the body through 
PCR. We also observed that mice inoculated with low 
doses of the bacterium showed less severe pathological 
changes; this is the first report of such in mice model. 
Therefore, our findings buttress earlier reports that mice 
are cheaper animal models, suitable for the study of 
infection caused by P. multocida type B: 2.  
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