
145 

El Hassan et al.,                                                       Egyptian Journal of Animal Health 4, 3 (2024), 145 - 152 

Immune-histochemistry and molecular characterization techniques for detection 
of Pasteurella spp virulence genes in cattle 

Al-Hassan Mohammed Mostafa*, Alaa Eldin Kamal Yousef** and  
Abdelraheim Attai

*** 

 

*Department of Pathology and Clinical Pathology, Animal Health Research Institute, 
Agricultural Research Centre, Assiut, Egypt. 

** Food Hygiene Department, Veterinary Teaching Hospital, Faculty of Veterinary 
Medicine, Assiut University, Egypt  

***Department of Anatomy and Embryology, Faculty of Veterinary Medicine, Assiut 
University, Assiut 71526, Egypt. 

 

 

ABSTRACT 

F 
ifty three pneumonic cattle lung of both sexes were sampled. Fourteen  
bacterial isolates (12 P. multocida and 2 M. haemolytica) were posi-
tively approved from lung tissue. Isolation occurred by ordinary colo-

nial and biochemical confirmation. cultural characteristics were identified on 
to blood agar from brain heart infusion broth by ordinary methods.  Isolates 
harbored omp87, nanB and toxA virulence genes (75%, 58.3% and 66.7%) 
for P. multocida, while lktC virulence genes (100%) were determined in all 
of tested M. haemolytica isolates. Histopathology of the examined lungs 
were performed and the microscopical changes were described. Immuno-
histochemical staining of the positive reactors reveal significant increase of 
CD68 cells in P. multocida and M. haemolytica affected tissues; Chronic 
interstitial pneumonia (P. multocida), Fibrinous pneumonia (P. multocida), 
chronic bronchopneumonia (P. multocida) and Chronic pneumonia 
(M.haemolutica) (2.66, 4.43,5.40 and 6.21) respectively. In summary, detec-
tion of virulence genes is important for more controllable method of the 
pathogen and CD68 cell IHC tool approved its ability pathologically for 
confirmatory diagnosis of inflammation and pathological alterations exhibit-
ed by P. multocida and M.haemolutica pathogens.   

INTRODUCTION: 
Pasteurella spp of the Pasteurellaceae tree 

has different disease synonyms in many animal 
species as shipping fever in small ruminants, 
haemorrhagic septicaemia in large ruminants, 
avian pasteurellosis in fowls and snuffles in 

rabbits (Harper et al. 2006 and Dziva et al. 
2008). Vaccination was the major protective 
protocols against this diseases but some nega-
tives were obtained about this vaccine; the seri-
ous one is short-acting immunization 
(Shivachandra et al. 2011 and Verma  et al. 
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1998). The vaccination procedure depends up-
on mainly the outer membrane proteins 
(OMPs) as an antigenic particle (Shivach-
andra et al. 2011). 
 

In septicemic pasteurellosis, P. multo-
cida is likely transmitted between cattle by in-
gestion or inhalation during direct contact with 
an affected animal or contaminated feed or wa-
ter. However, it is also believed that P. multo-
cida can survive for hours or days in decom-
posing carcasses and in damp soil or water, 
thus contact with these infected materials could 
represent another possible route of infection 
(De Alwis 1999). Pasteurella multocida  can 
reside in the tonsils of the nasopharynx of ap-
parently healthy cattle and buffalo; therefore, 
some species may act as a reservoir of bacteria 
that cause septicemic pasteurellosis (De Alwis 
et al. 1990). 

 
Hemorrhagic septicemia is a clinically in-

distinguishable disease that occurs in domestic 
cattle (Bos taurus) and water buffalo (Bubalis 
bubalis) and is enzootic to tropical countries in 
Africa and Asia. Hemorrhagic septicemia is 
most commonly caused by P. multo-
cida serotypes B:2 and E:2, but serotypes A:1, 
A:1,3, A:3, A:4, B:1, B:2,5, B:3,4, E:2,5, F:3, 
F:3,4 have also been implicated 
(Shivachandra et al. 2011). 

 
The clinical signs of septicemic pasteurel-

losis include increased body temperature, loss 
of appetite, depression, excessive salivation, 
edema of the head, neck, and brisket, and se-
vere respiratory distress with foamy nasal dis-
charge, leading to death (Shivachandra et al. 
2011 and De Alwis. 1999) The disease occurs 
in acute, sub-acute, and chronic forms, and in 
the acute form of septicemic pasteurellosis 
death will occur in less than 24 h 
(Shivachandra et al. 2011). 

 
At necropsy, the carcass was in good nutri-

tional condition with no evidence of dehydra-
tion and moderate autolysis. There was exten-
sive subcutaneous edema over the right lateral 
thorax and abdomen. There was marked subcu-
taneous edema extending over the proximal 
aspect of the right hind limb. On section, the 

gracilis and semitendinosus muscles were dark 
red and dry, and the fascia was expanded by 
edema, hemorrhage, and fibrin consistent with 
necrotizing and hemorrhagic myositis. Post-
mortem examination revealed necrotizing and 
hemorrhagic myositis, fibrinous pericarditis 
and multi-systemic bacterial emboli (Douglas 
D-B et al. 2020). 

 
At necropsy, some of the most common 

gross pathological findings are subcutaneous 
edema in the mandibular and brisket regions, 
pericarditis, and widespread petechiae to ec-
chymoses (De Alwis. 1999 and Rhoades KR 
et al. 1967). Common histopathological chang-
es include thickened alveolar septa of the lungs 
with increased lymphocytes and macrophages, 
swelling and pyknosis of tubular epithelial 
cells of the kidney, and subepicardial and sub-
endocardial hemorrhages of the heart 
(Rhoades KR et al. 1967). However, gross 
pathological and histopathological findings can 
differ depending on the duration of the disease 
from acute onset to death (De Alwis. 1999). 

 
Characteristic gross lesions founded were 

reddening coloration and firm to hard consoli-
dation; may have irregularly shaped non-
friable foci of coagulation necrosis, interlobu-
lar edema (marbling appearance), or fibrinous 
pleuritis (Jeff et al. 2012). 

 
Pasteurella pathogen cannot cause disease 

without their virulent factors,  fimbriae and 
adhesions (nan B and nanH), a variety of many 
outer membrane proteins (OMPs) like pro-
tectins (ompA, ompH, omp87 and plpB), and 
dermonecrotoxin (toxA) are the most important 
ones  (Jamali et al. 2014) The mode of action 
of these genes to destroy the affected cells via 
colonization, toxin secretion and host inflam-
mation stimulation, hence immune impairment 
(Harper et al. 2006). 

These OMPs contain important virulence 
genes; main factors for intraspecies diversity 
(Davies et al. 2004) and immunological vacci-
nal components (Dabo et al. 1997). CD68 is 
heavily glycosylated glycoprotein that is highly 
expressed in macrophages and other mononu-
clear phagocytes and used for histochemical 
analysis of inflamed tissue and bacterial lipo-
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polysaccharide. The purpose of this study is to 
detect the bacterial virulence genes of Pas-
teurella spp by the methods of PCR and im-
munohistochemistry in cattle. 
 
MATERIALS and METHODS 

Sampling and Bacterial Isolation and Iden-
tification: 

A total of 53 pneumonic cattle lung of both 
sexes were sampled. All lung during the period 
from January 2022 to December 2022. Four-
teen  bacterial isolates (12 P. multocida and 2 
M. haemolytica) were positively approved 
from lung tissue. Isolation occurred by ordi-
nary colonial and biochemical confirmation 
(El-Seedy et al. 2020). Maintained at Depart-
ment of food hygiene, faculty of veterinary 
medicine, Assiut, Egypt, were used. 
 
Confirmation of P. multocida Isolates: 

The isolates were revived in brain heart 

infusion broth by 18–24 h incubation at 37∘C 

and plated subsequently onto blood agar to 
study cultural characteristics. The cultures 
were then tested for purity by biochemical tests 
as per standard techniques (Cowan and Steel. 
1970). 
 
Detection of Virulence Associated Genes by 
PCR:  

PCR was applied to determine the nanB, 
omp87 and toxA virulence-associated genes in 
P. multocida isolates and lktC virulence-
associated genes in M. haemolytica isolates. 
Primers sequences and amplified products for 
the targeted genes for P. multocida and M. 
haemolytica isolates are illustrated in Table 1. 

Table 1. Primers sequences and amplified products for the targeted genes for P. multocida and M. haemolyti-
ca isolates: 

Bacteria Target gen Primer sequence 5'-3' 
Amplified 

product 
Reference 

P. multocida omp87 F AGGTGAAAGAGGTTATG 200 bp Sabiel et al. 2012 

P. multocida omp87 R TACCTAA CTCAACCAAC 200 bp Sabiel et al. 2012 

P. multocida nanB F AGGTGAAAGAGGTT ATG 554 bp Sarangi et al. 2014 

P. multocida nanB R ACAGCAAAGGAAGACTGTCC 554 bp Sarangi et al. 2014 

P. multocida toxA F CTTAGATGAGCGACAAGG 864 bp Tang et al. 2009 

P. multocida toxA R GAATGCCACACCTCTATAG 864 bp Tang et al. 2009 

M. haemolytica IktC F GGAAACATTACTTGGCTATGG 440 bp Klima et al. 2014 

M. haemolytica IktC R TGTTGCCAGCTCTTCTTGATA 440 bp Klima et al. 2014 

Gene Sequencing and Sequence Analysis 

Due to high cost, sequencing of toxA gene 
of one strain of P. multocida serotype B:2 as 
well as lktC gene of one strain of M. haemolyt-
ica serotype 2 was applied according to the 
method of Tamura et al. (2013). 
 

Immunohistochemistry  

Sections of lung were prepared for Im-
munohistochemical analysis using an Ultra Tek 
HRP anti-polyvalent (DAB) staining system 
(ScyTek Laboratories, West Logan, UT, USA, 
AMF080). The sections were deparaffinized 
with xylene, rehydrated in graded ethanol, and 
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washed with distilled water. The sections were 
heated for 10 min in asodium citrate buffer 
(0.01 M, pH 6.0) to increase epitope exposure. 
The sections were cooled at room temperature 
(RT) for 30 min and washed with PBS. The 
endogenous peroxidase activity was quenched 
with 3% H2O2 in distilled water for 15 min at 
RT followed by washing with PBS (2X5 min). 
The sections were blocked with the blocking 
solution of the kit for 5 min at RT. The sec-
tions were incubated overnight at 4 Co with 
mouse monoclonal anti-CD68 (1:100); Santa 
Cruz, sc-17832). Sections were rinsed (three 
times and 5 min each) with PBS and were in-
cubated for 15 min with the secondary Ultra 
Tek HRP Anti-polyvalent antibody (goat anti-
mouse, rat, rabbit and guinea pig IgG) pur-
chased from Scy Tek, (TX, USA). Following 
that, the slides were washed three times for 3 
min each with a wash buffer. The visualization 
of the reaction was carried out with Diamino-
benzidine (DAB) chromogen diluted with 
DAB substrate (provided within the same Scy 
Te Detection kit) according to the manufactur-
er protocol for 10-15 min until the desired 
staining was achieved and counterstained with 
Harris hematoxylin and mounted with mount-
ing media, DPX. The number of immunoposi-
tive cells was counted in 5 separate microscop-

ic fields in each slide and the mean number for 
each slide was obtained, then the mean ± SE 
was calculated for each group. 
 
Histopathology: 

Tissue samples from lung were fixed in 10 
% neutral buffered formalin. They were dehy-
drated by ascending grades of alcohol, cleared 
by xylene and embedded in paraffin. Section-
ing of the tissue with 5 microns thickness and 
stained with hematoxylin and eosin (H&E) 
(Bancroft et al. 1996). 
 
Statistical analysis: 

Statistical analysis of the data generated 
from the study was performed with Graphpad 

prism 5.   values of <0.05 were considered as 
statistically significant. 
 
RESULTS 

Detection of virulence genes of P. multocida 
and M. haemolytica Isolates by PCR: 

Our finding of PCR exhibits that eight 
(75%, 58.3% and 66.7%) P. multocida isolates 
and two (100%) M. haemolytica isolates were 
positive for Omp87, nanB, toxA and IktC 
genes, respectively (Table 2). 

Table 2. Percentage of virulence genes of P. multocida and M. haemolytica isolates:  

Tested Bacteria Tested Gene 
No. of the tested 

Isolates 

Positive Negative 

NO.           % No.            % 

P. multocida 
Omp87 
nanB 
toxA 

12 

 
 

9               75 
7             58.3 
8              66.7 

 
 

3                25 
5              41.7 
4              33.3 

M. haemolytica IktC 2 2              100 0                  0 

Immunohistochemistry results: 

Immunohistochemical staining reveal sig-
nificant increase of CD68 cells in P. multocida 

and M. haemolytica affected tissues than nor-
mal lung (table 3) . 



149 

El Hassan et al.,                                                       Egyptian Journal of Animal Health 4, 3 (2024), 145 - 152 

Fig 1. A-E) Scale bar A,C and D = 50, Scale bar B and E = 100 μm,.Lung showing prevalence of specific Immunohisto-
chemical reaction of CD68 cells against Pasteurella multocida and Manhemia haemolytica. F) Scale bar = 100 μm, 
Normal lung showing absence of CD68 cells and no rod shaped bacteria..  

Histopathological Results: 

Microscopically, of the cattle lungs exam-
ined There was Chronic Interstitial pneumonia, 
fibrinous pneumonia, chronic bronchopneumo-
nia and Chronic pneumonia. chronic intersti-
tial pneumonia exhibited diffuse thickening 
of the interstitium due to fibrosis, increased 
cellularity and smooth musculature. while the 
characteristic feature of fibrinous pneumonia 

is fibrinous exudate with erythrocytic aggrega-
tion in the alveoli and bronchiole. chronic 
bronchopneumonia showed Fibrosis and hy-
perplasia with moderate cellular exudate in the 
alveoli and bronchium. chronic pneumonia 
with high aggregation of mononuclear cells 
and loss architecture of lung tissue. 

Fig 2. A-E) H&E staining in lung of different affected groups Scale bar = 200 μm A) chronic interstitial pneumonia with 
marked thickening of the interstitium and diffuse aggregation of mononuclear cells. B) fibrinous pneumonia with 
marked fibrinous exudate within alveoli and bronchiole. C) chronic bronchopneumonia showed Fibrosis and hyperplasia 
with moderate cellular exudate in the alveoli and bronchium. D) chronic pneumonia with high aggregation of mononu-
clear cells and loss architecture of lung tissue. E) normal alveoli of lung tissue. 
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Table 3. Effect of different pathological affections on the percentage expression of CD68 in different Pas-
teurella multocida and Manhemia haemolytica infection of bovine lungs: 

 
        Group 
 
Immune     
stain 

A: Chronic inter-
stitial pneumonia 
(P. multocida) 

B: Fibrinous 
pneumonia (P. 
multocida) 

C: chronic broncho-
pneumonia (P. mul-
tocida) 

D, E: Chronic pneu-
monia 
(M.haemolutica) 

Control -ve 

  
CD68 
  

2.66c 4.43b 5.40b 6.21b Na 

a , b values are not sharing a common superscript letter differ significantly at P < 0.05 . 

DISCUSSION: 

The diversity of various virulence genes of 
Pasteurella multocida and Manhemia haemo-
lytica is the main forth to fight against animal 
species they live. Therefore, our research mi-
crobiologically focusing on detection of these 
virulence in an impact to counteract these 
harmful pathogens in future (Sarangi et al. 
2014). Two of the virulent genes are detected 
(nanB and Omp87); their effect depends main-
ly on the discovery of key host receptor, inhi-
bition of mucin release and bacterial colony 
formation (Hatfaludi et al. 2010). While toxA 
gene is the main indicator of pneumonia 
caused by P. multocida isolates (Harper et al. 
2006). Furthermore, toxA (Dermonecrotoxin 
gene) is mainly related to cattle and porcine 
species (Hatfaludi et al. 2010). M.haemolytica 
has many leukotoxins; the main one is lktC as 
the activator for leukotoxin (lktA) playing the 
same role of P. multocida virulence genes, the 
induction of inflammation as a consequence of 
leukocyte lysis as well (Singh et al. 2011 and 
Highlander et al. 1990). Our study confirms 
the previous reports. 

 
The old method of the culture considers 

one of the shiny methodology continued nowa-
days for Pasteurella spp identification; alt-
hough time consuming and specific transporta-
ble media were main drawbacks that face mi-
crobiologists needs (Townsend et al. 2000).  

 
Though PCR with its advantages (more 

fastness, more sensitive and more specific) has 
the ability to overcome the ordinary method, 
Pathologists have a realistic, low cost and con-
firmatory method for Pasteurella sp identifica-

tion by Immunohistochemistry technique 
(IHC) (Kılıç et al. 2004). One of accurate reli-
able IHC technique is CD68 Cells. CD68 is 
mainly composed of glycogen and amino-acids 
type I endosomal/lysosomal compound 
(Holness and Simmons 1993). CD68 shares 
similar structures with lysosomal-associated 
membrane proteins (LAMPs) and belongs to 
the LAMP family of glycoproteins (Holness et 
al. 1993). The main action of CD68 is mainly 
intrapeptide for antigen expression on the sur-
face membrane (Barois et al. 2002). CD68-
positive reactivity was nearly negative in 
healthy tissues (Amanzada et al. 2013). 

 

The first line of immune defense is macro-
phages, macrophages have on their surface 
Scavenger Receptors (SRs) (Penberthy and 
Ravichandran, 2016). CD68 is an important 
Scavenger type D (SCARD) belonging to SRs 
group (Moore and Freeman, 2006). Further-
more, the main stimulatory receptor to inflam-
mation and bacterial lipopolysaccharide (LPS) 
on macrophage surface is CD68 (O'Reilly et 
al. 2003). Accordingly, our Immunohisto-
chemical analysis revealed high prevalence of 
CD68-positive reactive cells against Pasteurel-
la multocida and Manhemia haemolytica.  
 
CONCULSION 

T 
o sum up, it is important to detect some 
virulence-associated genes of P. multo-
cida and M. haemolytica in our citizen. 

As it aid in developing a suitable control meth-
ods. Pathologically, CD68 is a new accurate 
detectable tool for diagnosis of P. multocida 
and  M. haemolytica as it is more cost saver, 
accurate and confirmatory than ordinary cul-
ture.  
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