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Abstract
The present study aimed to isolate Pasteurella multocida (P. multocida) from pulmonary cases in several avian species and 
then investigate the histopathological features, antimicrobial resistance determinants, virulence characteristics, and risk 
factors analysis of the isolates in each species in correlation with epidemiological mapping of pasteurellosis in Sharkia Gov-
ernorate, Egypt. The obtained data revealed a total occurrence of 9.4% (30/317) of P. multocida among the examined birds 
(chickens, ducks, quails, and turkeys). The incidence rate was influenced by avian species, climate, breed, age, clinical signs, 
and sample type. Antimicrobial susceptibility testing revealed that all isolates were sensitive to florfenicol and enrofloxacin, 
while 86.6 and 73.3% of the isolates displayed resistance to amoxicillin-clavulanic acid and erythromycin, respectively. 
All of the P. multocida isolates showed a multiple-drug resistant pattern with an average index of 0.43. Molecular charac-
terization revealed that the oma87, sodA, and ptfA virulence genes were detected in the all examined P. multocida isolates. 
The ermX (erythromycin), blaROB-1 (β-lactam), and mcr-1(colistin) resistance genes were present in 60, 46.6, and 40% of 
the isolates, respectively. Ducks and quails were the most virulent and harbored species of antimicrobial-resistant genes. 
These results were in parallel with postmortem and histopathological examinations which detected more severe interstitial 
pneumonia lesions in the trachea and lung, congestion, and cellular infiltration especially in ducks. Epidemiological map-
ping revealed that the Fakous district was the most susceptible to pasteurellosis infection. Thus, farmers are recommended 
to monitor their flocks for signs of respiratory disease, seek veterinary care promptly if any birds are sick, and avoid the 
random usage of antibiotics. In conclusion, this study presents a comprehensive picture of the risk factors in correlation to 
the pathognomonic characteristics of P. multocida infection in poultry sectors to help in developing more effective strategies 
for prevention and control.

Keywords Avian species · Epidemiological mapping · Histopathological features · Molecular characterization · Multidrug 
resistance · Pasteurella multocida

Introduction

Infections with P. multocida frequently result in epidemics 
of fowl cholera, causing enormous financial losses for the 
global poultry sector (Sid et al. 2015).

The mechanism of disease occurrence in P. multocida 
infections is as follows: the bacterium is inhaled or ingested 
by the host, attaches to the host’s cells, produces toxins that 
damage the host’s cells and tissues, and evades the host’s 
immune system, thus causing disease (Wilson et al. 2002).

The infections caused by P. multocida include: pneu-
monia, septicemia, meningitis and eye infections such as 
conjunctivitis and keratitis (Christenson et al. 2015; Cor-
chia et al. 2015; Lopez and Martinson 2017; de Cecco et al. 
2021).
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Clinical symptoms of P. multocida isolates range from 
asymptomatic or moderate chronic upper respiratory dis-
tress to acute, pneumonic, and/or disseminated disease 
(Wilson and Ho 2013). The pathogenesis of P. multocida is 
influenced by a variety of virulence factors, such as genes 
involved in capsule formation, lipopolysaccharide (LPS), 
fimbriae and adhesins, toxins, iron-controlled and iron 
acquisition proteins, sialic acid metabolism, hyaluronidase, 
and outer membrane proteins (OMPs) (Harper et al. 2006). 
P. multocida's two important surface elements, capsule, and 
LPS, serve as its primary foundation for classification. Sero-
logically, the bacterium is classified into five capsular sero-
groups (A, B, D, E, F) and/or 16 somatic serotypes according 
to its capsule and/or LPS antigens, respectively (Heddleston 
and Rebers 1975; Carter 1984). However, these traditional 
serological typing methods are too complicated to be used, 
as the preparation of the high-sensitive antiserum required 
for these methods is very difficult (Peng et al. 2016). There-
fore, molecular typing methods have been developed to help 
assign P. multocida into five capsular genotypes (A, B, D, E, 
F) (Townsend et al. 2001) and eight LPS genotypes (L1–L8) 
(Harper et al. 2015).

There is strong evidence, based on a wide range of molec-
ular research, that avian isolates of P. multocida are incred-
ibly varied (Davies et al. 2003; Sarangi et al. 2014). A prior 
study published in 2009 found that P. multocida isolates 
from chickens, turkeys, and ducks were all genetically dis-
tinct from each other. The study also found that the isolates 
from different poultry species had different surface proteins 
and virulence factors (Wang et al. 2009). This suggests that 
P. multocida strains that infect different poultry species may 
be more or less virulent, and that they may respond differ-
ently to treatment.

The high degree of variation in avian isolates of P. multo-
cida between different poultry species is a major challenge 
for vaccine development. It is difficult to develop a vaccine 
that will protect against all strains of the organism in all 
poultry species.

In particular, pneumonia is a common pathological find-
ing in turkeys with fowl cholera; however, morphological 
descriptions of P. multocida  are observed  (Quinn et al. 
2011). Additionally, the histopathological lesions in the 
infected ducks were found to be more severe than those 
detected in the infected chickens which were character-
ized by multiple granulomata in most examined organs. 
The immunohistochemical (IHC) positive reaction against 
an antigen of P. multocida was more intensely stained and 
widely distributed in all examined organs of infected ducks 
than in chickens (Apinda et al. 2020) and so on.

Little is known about the genetic and histopathologi-
cal characteristics of P. multocida isolates circulating in 
different avian species. The pathognomonic features of P. 
multocida can also change over time due to its ability to 

acquire new genes through horizontal gene transfer when 
it encounters other bacteria, such as E. coli (Wilson et al. 
1993; El-Demerdash et al. 2023a; Megahed et al. 2023). 
This can lead to the development of new more virulent and 
difficult to treat strains of P. multocida isolates. Multidrug 
resistance has been exacerbated worldwide, resulting in a 
public health threat. Several recent studies have reported 
the emergence of multidrug-resistant bacterial pathogens 
from different origins necessitating proper use of antibiotics. 
Routine application of antimicrobial susceptibility testing 
is necessary to detect the antibiotic of choice and to screen 
for the emerging MDR strains (El-Demerdash et al. 2018; 
Algammal et al. 2021, 2022a, 2023; Ebrahem et al. 2023).

Being aware of the pathognomonic features of P. mul-
tocida  isolates is important for the development of new 
diagnostic tests, vaccines, and treatments for infections 
caused by this bacterium. This study aims to understand 
the characteristics and molecular pathogenesis of various P. 
multocida isolates circulating in chickens, ducks, quails, 
and turkeys providing a comprehensive investigation and 
epidemiological mapping of the prevalence and diversity 
of P. multocida among various avian species in Sharkia 
Governorate.

Materials and methods

Ethical approval and sampling

With approval number ZU-IACUC/2/F/216/2023, the study 
was carried out with the approval of the Faculty of Veteri-
nary Medicine, Zagazig University, in accordance with its 
rules. A total of 317 birds (153 chickens, 36 quails, 38 tur-
keys and100 ducks), apparently healthy, diseased and dead 
were randomly collected from seven different districts in 
Sharkia Governorate of different types of production sectors, 
breeds, and ages during the period between July 2022 and 
March 2023. Samples of dead birds were collected from the 
liver, heart, lung, trachea, brain, kidney, and spleen while 
tracheal swabs were collected from live ones and all sam-
ples were subjected to bacterial examination. The sample 
collection procedures according to Panna et al. (2015) were 
utilized.

Pathological examinations

The examinations were conducted on specimens from the 
tracheas and lungs of infected birds (chickens, ducks, quails, 
and turkeys) that had either been sacrificed or were freshly 
dead. The specimens were then fixed in 10% buffered neutral 
formalin and paraffin sections of 2–3-micron thickness were 
prepared and stained with hematoxylin and eosin. These 
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sections were then examined microscopically (Suvarna et al. 
2013).

Isolation and identification of P. multocida

The isolation procedures were conducted by scorching the 
surface of the organs with a hot spatula and then steriliz-
ing loopfuls, and inoculating swabs onto Tryptone Soya 
Broth (TSB, OXOID, Hampshire, United Kingdom). The 
inoculated TSBs were then incubated aerobically for 24 h at 
37 °C and streaked onto 5% sheep blood agar and MacCo-
nkey’s agar (OXOID, Hampshire, United Kingdom) for 24 h 
incubation period at 37 °C. Pure colonies were recognized 
morphologically using the Gram stain, Leishman's staining 
method, and biochemical assays (catalase, oxidase, nitrate, 
methyl red, Voges–Proskauer, sugar fermentation, indole, 
citrate, gelatin liquefaction and urease) (Carter 1984; Mar-
key et al. 2013).

Molecular confirmation and typing

These assays were conducted in the Biotechnology Unit, 
Animal Health Research Institute, Zagazig Branch, Egypt, 
following a manual previously published in Shalaby et al. 
(2021).

DNA was extracted from each isolate using the QIAamp 
DNA Mini kit (Qiagen, Germany, GmbH Catalogue 
no.51304) and PCR amplification was performed using 
primers listed in Table 1.

Antimicrobial susceptibility testing

The sensitivity test was performed using the disk diffusion 
method on Mueller–Hinton Agar (OXOID), according to the 
procedure recommended by Bauer et al. (1966). All P. multo-
cida isolates were validated towards 13 antimicrobial drugs 
(OXOID) of 11 classes with the following concentrations 
(in μg/disk): Aminoglycosides (Amikacin AK; 30; Neomy-
cin N; 30), Penicillins (Amoxicillin-clavulanic acid AMC; 
30, Ampicillin AMP; 10), Cephalosporins (Cephradine CE; 
30), Tetracyclines (Doxycycline DO; 30), Amphenicols 
(Florfenicol FFC; 30), Sulfonamides (Sulfamethoxazole-
trimethoprim SXT; 25), Polymyxin (Colistin CT;10), Mac-
rolides (Erythromycin E; 15), Lincosamide (Lincomycin L; 
2), Aminocyclitol (Spectinomycin SH; 25), and Quinolones 
(Enrofloxacin ENR; 5).

The inhibition zones, in millimeters, were measured in 
duplicate and scored as sensitive, intermediate, and resist-
ant categories following the critical breakpoints recom-
mended by the Clinical and Laboratory Standards Institute 
(CLSI 2020). Isolates resistant to ≥ 3 different antimicrobial 
classes were classified as multidrug-resistant (MDR). The 
multiple antibiotic resistance (MAR) index for each isolate 

was calculated as the number of antimicrobials to which 
the isolate displayed resistance divided by the number of 
antimicrobials to which the isolate had been tested (Tam-
bekar et al. 2006). The tested isolates were categorized as 
multidrug-resistant (MDR), extreme drug-resistant (XDR), 
and pan-drug-resistant (PDR) as described by Magiorakos 
et al. (2012).

Detection of virulence and antimicrobial resistance 
genes

Plasmid DNA was extracted from bacterial isolates using 
Thermo Scientific GeneJET Plasmid Miniprep Kit (Thermo, 
Germany, Catalogue no. K0503) for detection of antimicro-
bial resistant genes.

PCR amplification of virulence-related genes of P. multo-
cida as well as antimicrobial resistance genes such as erm(X) 
(macrolide, lincosamides and streptogramins resistance), 
sul1(sulfonamide resistance), tet(H) (tetracycline resistance), 
bla ROB-1 (beta-lactam resistance), mcr1(colistin resist-
ance), and dfrA1 (trimethoprim resistance) were performed 
by PCR assays using the oligonucleotide primer sequences 
presented in Table 1.

A PTC-100 programmable thermal cycler (Peltier-Effect 
cycling, MJ, UK) was used to conduct the PCR assays. The 
reaction mixture’s final volume was adjusted to 25 μL and 
comprised 12.5 μL of DreamTaq TM Green Master Mix 
(2X) (Fermentas, USA), 0.4 μL of each primer at 100 pmoL 
(Sigma, USA), 5 μL of template DNA, and 25 μL of nucle-
ase-free water. The cycling conditions were: 30 cycles; 
95 °C for 45 s, primer annealing (TA, Table 1) for 45 s, and 
72 °C for 45 s.

On a 1.5% agarose gel (Applichem, Germany, GmbH), 
the PCR products were separated by electrophoresis, and the 
gel was photographed using a gel documentation framework 
(Alpha Innotech, Biometra). The data was analyzed by com-
puter software. As a quality control, P. multocida ATCC® 
43137™ was utilized.

Statistics and data analyses

Chi-square or Fisher’s exact test (as needed) were used to 
compare categorical variables and two-tailed, unpaired stu-
dent t-test was used to compare numerical variables. In all 
statistics, p-value at 0.05 were used as cutoff level for sig-
nificance. The statistics were done using base functions in 
the R software version 4.3.1.

Heat maps and hierarchical clustering was used to visu-
alize the overall occurrence of analyzed traits in the iso-
lates and the relation among them and was done using the 
Pheatmap package in r software version 4.3.1 (Kolde 2012). 
Before correlation analyses, variables were tested for nor-
mality using Q–Q plot. Pearson correlation was estimated 
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Table 1  Oligonucleotide primer sequences used in this study

Target genes Nucleotide sequence (5′ → 3′) Amplicon size 
(bp)

Annealing tem-
perature (◦C)

References

Bacterial confrimatin and typing
 Kmt1 F: ATC CGC TAT TTA CCC AGT GG 460 55 Townsend et al. (1998)

R: GCT GTA AAC GAA CTC GCC AC
 hyaD-hyaC
(Serogroup B)

F: TGC CAA AAT CGC AGT GAG 1044 55 Townsend et al. (2001)
R: TTG CCA TCA TTG TCA GTG 

 BcbD
(Serogroup C)

F: CAT TTA TCC AAG CTC CAC C 760 55 Townsend et al. (2001)
R: GCC CGA GAG TTT CAA TCC 

 DcbF
(Serogroup D)

F: TAC AAA AGA AAG ACT AGG AGCCC 657 55 Townsend et al. (2001)
R: CAT CTA CCC ACT CAA CCA TAT CAG 

 EcbJ
(Serogroup E)

F: TCC GCA GAA AAT TAT TGA CTC 511 55 Townsend et al. (2001)
R: GCT TGC TGC TTG ATT TTG TC

 FcbD
(Serogroup F)

F: AAT CGG AGA ACG CAG AAA TCAG 851 55 Townsend et al. (2001)
R: TTC CGC CGT CAA TTA CTC TG

Virulence genes
 pfhA F: TTC AGA GGG ATC AAT CTT CG 286 55 Tang et al. (2009)

R: AAC TCC AGT TGG TTT GTCG 
 ptfA F: TGT GGA ATT CAG CAT TTT AGT GTG TC 468 55 Tang et al. (2009)

R: TCA TGA ATT CTT ATG CGC AAA ATC CTG CTG G
fimA F: CCA TCG GAT CTA AAC GAC CTA 866 55 Tang et al. (2009)

R: AGT ATT AGT TCC TGC GGG TG
 exbB F: TTG GCT TGT GAT TGA ACG C 291 55 Tang et al. (2009)

R: TGC AGG AAT GGC GAC TAA  A
 pmHAS F: TCA ATG TTT GCG ATA GTC CGT TAG 430 60 Tang et al. (2009)

R: TGG CGA ATG ATC GGT GAT AGA 
 toxA F: CTT AGA TGA GCG ACA AGG 864 55 Liu et al. (2017)

R: GAA TGC CAC ACC TCT ATA G
 ompA F: CGC ATA GCA CTC AAG TTT CTCC 201 60 Tang et al. (2009)

R: CAT AAA CAG ATT GAC CGA AACG 
 ompH F: CGC GTA TGA AGG TTT AGG T 438 55 Tang et al. (2009)

R: TTT AGA TTG TGC GTA GTC AAC 
 sodA F: TAC CAG AAT TAG GCT ACG C 361 60 Vickers (2017)

R: GAA ACG GGT TGC TGC CGC T′
 sodC F: AGT TAG TAG CGG GGT TGG CA 253 60 Vickers (2017)

R: TGG TGC TGG GTG ATC ATC ATG 
 nanH F: CAC TGC CTT ATA GCC GTA TTCC 964 60 Vickers (2017)

R: AGC ACT GTT ACC CGA ACC C
 hgbA F: TGG CGG ATA GTC ATC AAG 420 60 Vickers (2017)

R: CCA AAG AAC CAC TAC CCA 
 oma87 F: ATG AAA AAA CTT TTA ATT GCG AGC 984 60 Vickers (2017)

R: TGA CTT GCG CAG TTG CAT AAC 
Resistance genes
 ermX F: TCC TTA CCA GTG CCC TTA TCC 390 65 Rosato et al. (2001)

R: GAG TTC CAG CGC ATC ACC 
 dfrA1 F: CTC ACG ATA AAC AAA GAG TCA 201 50 Abdolmaleki et al. (2019)

R: CAA TCA TTG CTT CGT ATA ACG 
 mcr1 F: CGG TCA GTC CGT TTG TTC 305 60 Zou et al. (2017)

R: CTT GGT CGG TCT GTA GGG 
 sul1 F: CGG CGT GGG CTA CCT GAA CG 433 50 Heuer and Smalla (2007)

R: GCC GAT CGC GTG AAG TTC CG
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and visualized using the Hmisc package in R software ver-
sion 4.3.1 (Martins 2022). Significant correlation pairs were 
determined at p-value of 0.05. The frequencies of studied 
genes/phenotypes were plotted as stacked bar graph using 
ggplot package in R software version 4.3.1 (Wickham 
et al. 2009).

To determine the influence of various predictor variables 
on the infection outcome, we treated each avian species (e.g. 
chicken) as a stand-alone dataset. For each species, we run 
a univariate logistic regression model on the independent 
variables to select significant ones as they relate to infec-
tion outcome, then a backward selection of those significant 
was applied to run a multivariate logistic regression model. 
Since the effect of some predictors on the infection outcome 
varies according to other variables, we included an interac-
tion term in the regression equation. These analyses yielded 
β-coefficient, odds-ratio, and p-value for each predictor. The 
analyses were done using glm function in R software ver-
sion 4.3.1.

Epidemiological mapping for pasteurellosis 
infection among examined avian species

The final collected data were subjected to ArcGIS appli-
cation for geo-mapping the rate of P. multocida infection 
through Sharkia governorate, Egypt.

Results

Clinical signs

General respiratory disorders were observed in most of the 
examined infected birds. In turkeys, a mild swelling of the 
head with eye discharge was observed in some cases. Sneez-
ing, depression, mucoid discharge from the mouth, ruffled 
feathers, increased respiratory rate, and diarrhea which 
was most common in chickens and quail, were observed. 
Ducks suffered from tracheal rales with extended neck 
and nasal discharge. High morbidity rates (42–86%) were 
detected, while the mortality rate was mild to moderate in 
the inspected farms (5–31%). Decreased feed intake and 

weight loss were detected with the progress of the disease, 
especially in cases of severe infection.

Postmortem examination

The prevalence of gross lesions based on the trachea and 
lung were the most affected organs exhibiting inflammation 
in variable severity degrees. Congestion was marked espe-
cially in ducks, and catarrhal tracheitis represented in the 
trachea was filled with yellowish exudates in other cases 
such as in quails and chickens. Mucosal hemorrhagic spots 
may appear in severe cases. Examined lungs from positive 
infected cases appeared in different forms, an edematous, 
firm with cut surface yielded blood-tinged exudate and mild 
to moderate hemorrhage of mostly focal distribution, focal 
to diffuse congestion. The incidence and prevalence of gross 
lesions based on the examined birds were summarized in the 
lesion score (Table 2).

Microscopical findings

Tracheal lesions were cystic dilation of some mucosal 
glands (Fig. 1A), partial to complete detached cilia with 
hemorrhage and cellular infiltration (Fig. 1B), destructed 
mucosa with severe extravasated erythrocytes (hemor-
rhage) (Fig. 1C), necrosis of some chondrocytes of tracheal 
cartilage (Fig. 1D), and complete and partial destruction 
of mucosa and tracheal glands with or without normal car-
tilage (Fig. 1E&1F), perivascular cellular infiltration and 
edema with congestion (Fig. 1G). Perivascular extrava-
sated erythrocytes with vascular congestion, endotheliosis 
(endothelial cell degeneration), and atrophy of tracheal mus-
cle fibers (Fig. 1H) were also observed, along with perivas-
cular fibrosis with or without atrophy of tracheal muscle 
fibers (Fig. 1I).

Lung lesions were more prominent, especially in ducks 
and included pneumonia represented in diffuse congestion 
and cellular infiltration with variable degrees of sever-
ity (Fig. 2A), bronchopneumonia, mild to severe focal to 
diffuse interstitial hemorrhage with focal inflammatory 
cellular infiltration (Fig. 2B) of mostly neutrophile, mac-
rophages, and perivascular cellular infiltration with focal 
partial alveolar stenosis (Fig. 2C). Perivascular oedema, 

Table 1  (continued)

Target genes Nucleotide sequence (5′ → 3′) Amplicon size 
(bp)

Annealing tem-
perature (◦C)

References

 blaROB-1 F: AAT AAC CCT TGC CCC AAT TC 685 60 Klima et al. (2014)

R: TCG CTT ATC AGG TGT GCT TG
 tetH F: ATA CTG CTG ATC ACCGT 1076 60 Klima et al. (2014)

R: TCC CAA TAA GCG ACGCT 
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and fibrosis with or without cellular infiltration (Fig. 2D) 
were also observed, along with perivascular fibrosis with 
extravasated erythrocytes (Fig. 2E), hyperplasia of bron-
chial epithelium accompanied bronchopneumonia in some 
cases (Fig. 2F) and partial focal emphysema only in some 
chronic cases (Fig. 2G). Interstitial extravasated erythrocytes 
(Fig. 2H) and congestion of blood vessels with perivascular 
oedema (Fig. 2I) were also detected. Vascular changes in the 
lung were common and more observed in most cases which 
were represented by vacuolation of vascular tunica media 
with perivascular edema and cellular infiltration (Fig. 3A), 
endotheliosis and perivascular fibrosis (Fig. 3B) and perivas-
cular cellular infiltration (Fig. 3C).

Full coverage of all previously mentioned microscopical 
lesions in different examined birds was illustrated in Table 3.

The phenotypic characteristics of the recovered P. 
multocida isolate

The isolates were examined microscopically, they were 
Gram-negative bipolar coccobacilli, dew grey, drop-like 
mucoid, non-hemolytic on blood agar, and failed to develop 
on MacConkey agar. The recovered isolates tested positive 
for catalase, oxidase, indole production, nitrate reduction, 
d-glucose, d-mannitol, galactose, fructose, and sucrose fer-
mentation, and negative for methyl red, Voges-Proskauer, 
urease, citrate utilization, and gelatin liquefaction.

The prevalence of P. multocida in various birds 
and breeds and relation to the locality, breeding 
type, and sampled organs

From 317 tested birds, a total of 30 (9.4%) P. multocida iso-
lates were obtained; all of these were of capsular type A 
apart from one quail isolate of type D. The climate changes, 
breed, age, location, clinical symptoms, and sample type had 
impacts on the incidence rate of P. multocida in the hosts. 
Breed was the most significant factor in chickens, while age 
and breed were less important in other species (Tables 4 
and 5).

In chicken and ducks, the most susceptible breed was 
Baladi with an average age of 8–9 weeks; diseased samples 
recorded a higher prevalence than dead birds.

In quails, age as the most affectable factor with a range 
of 4–5 weeks. In turkeys, the type of sample and age were 
the influential factors; the higher prevalence was recorded in 
dead samples with an average age of 9 weeks.

Antimicrobial susceptibility patterns and genotypic 
profiles of Pasteurella multocida isolates

The majority of isolates exhibited high levels of resistance to 
amoxicillin-clavulanic acid (86.6%), erythromycin (73.3%), 
and colistin (60%).

All quail isolates showed absolute resistance to amox-
icillin-clavulanic acid, ampicillin, colistin, sulfamethoxa-
zole-trimethoprim, and erythromycin. However, all turkey 
isolates were susceptible to ampicillin and sulfamethoxa-
zole-trimethoprim. The average MAR index of all P. multo-
cida was 0.43, ranging from 0.23 to 0.77. The highest MAR 
index (0.77) was found in an isolate recovered from a duck 
which represent XDR pattern of resistance (Table 6).

Florfenicol and enrofloxacin were the drugs of choice for 
all the obtained avian isolates.

The association of various isolates is shown in Fig. 4. The 
analyses of antimicrobial resistance and virulence features 
revealed that none of the isolates were identical in their pro-
file. They fell into two big clusters; a bigger one with 19 
isolates and a smaller one with 11 isolates. Each of these 

Table 2  Lesions score of respiratory disorders in trachea of infected 
birds

Affected tissue Lesion Infected bird Severity

Trachea Congestion Quail  + 
Chicken  + 
Duck  +  +  + 
Turkey  +  + 

Detached cilia
Partial (p)
Complete (c)

Quail  + 
Chicken  + 
Duck  +  + 
Turkey  + 

Hemorrhage Quail  +  + 
Chicken  + 
Duck  +  + 
Turkey  +  + 

Degeneration of tracheal 
glands

Quail  + 
Chicken − 
Duck  +  + 
Turkey  + 

Necrosis of chondrocytes Quail − 
Chicken  + 
Duck  +  + 
Turkey − 

Endotheliosis Quail  +  + 
Chicken  +  + 
Duck  +  +  + 
Turkey − 

Perivascular fibrosis Quail  + 
Chicken  +  + 
Duck  +  + 
Turkey − 

Perivascular edema Quail  + 
Chicken  +  + 
Duck  +  +  + 
Turkey − 
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clusters was composed of isolates from different animals and 
breeds. The small cluster contained isolates only from bird 
organs, whereas the big cluster was formed from isolates 
from both organs and tracheal swabs.

There was no particular clustering of analyzed genes or 
phenotypes. Moreover, the heatmap shows that Baladi chick-
ens are more likely to have resistance to multiple antimi-
crobials, including ampicillin, amoxicillin-clavulanic acid, 
cephradine, doxycycline, erythromycin, colistin, and sul-
famethoxazole-trimethoprim. These isolates are also more 
likely to have virulence genes, such as those that encode for 
adhesins, protections, and enzymes that help the bacteria to 
evade the host's immune system.

As shown in Fig. 5 and Table S1, we identified a high 
positive significant correlation between lincomycin and 
colistin-resistant phenotypes (R = 1, p-value < 0.0001) as 
well as a significant moderate positive correlation between 
colistin and erythromycin (R = 0.6,  p-value = 0.001). 
On the other side, neomycin and sulfamethoxazole-
trimethoprim correlated significantly and negatively 
(R = − 0.8, p-value < 0.0001). Some antimicrobial resistance 

genes correlated moderately and significantly negatively 
(for instance tetH and ermX; R = − 0.6, p-value = 0.0006). 
Overall, a general negative correlation between antimi-
crobial resistance and virulence genes was observed with 
both dfrA1 and pmHAS correlating moderately negatively 
(R = − 0.5, p-value = 0.007). The p-values in Table S1 show 
that the correlations are statistically significant meaning that 
the correlations are not due to chance and are likely to be 
real.

The graph in Fig. 6 shows that the frequency of occur-
rences of sodA, ompH, ermX, and blaROB-1 genes are the 
most prevalent, especially in quails compared to other avian 
species. Also, Table 7 shows that the frequency of antimicro-
bial resistance and virulence genes is higher in ducks than 
in chickens, quails, and turkeys. This suggests that ducks 
are more likely to be exposed to antimicrobial-resistant and 
virulent bacteria than other species.

The oma87, sodA, and ptfA virulence genes were found 
in all (100%) examined avian species. However, sodC was 
detected in all isolates recovered from ducks. Further-
more, sodC and hgbA were found in turkeys and chickens 

Fig. 1  Photomicrograph of H&E-stained sections of P. multocida 
infected tracheas in different examined birds revealed A:  Cystic 
dilation of some mucosal glands (arrowhead) in  quail.  B:  Detached 
cilia with haemorrhage (arrow) and cellular infiltration (arrowhead) 
in  Chicken. C:  Destructed mucosa with severe extravasated eryth-
rocytes (haemorrhage) (arrowhead) in  Turkey. D:  Necrosis of some 
chondrocytes of tracheal cartilage (arrowhead) in Duck. E: Complete 
destruction of mucosa and tracheal glands (arrowhead) with nor-
mal cartilage in Duck. F: Partial destruction of mucosa and submu-

cosal glands (arrows head) with normal cartilage (arrow) in Turkey. 
G:  Perivascular cellular infiltration and oedema (arrows head) with 
congestion in  Chicken. H:  Perivascular extravasated erythrocytes 
(arrowhead) with congestion, endotheliosis (arrow), and atrophy of 
tracheal muscle fibers (tailed arrow) in Quail. I: Congestion of blood 
vessels, endotheliosis (arrows) with perivascular fibrosis (tailed 
arrow), and atrophy of tracheal muscle fibers (arrowhead) in Chicken 
(scale bar = 100 µm)
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with percentages of 100 and 80%, respectively. The nanH 
and toxA genes were not exhibited in any turkey isolates.

The map in Fig. 7 shows that the highest number of cases 
of pasteurellosis is in the Fakous district followed by the 
Abo kbir, Belbis, and Dereb negm districts.

Discussion

Pasteurellosis has long been regarded as a serious eco-
nomic burden on birds and other live animals. Due to its 

Fig. 2  Photomicrograph of H&E-stained sections of P. multocida 
infected lungs in different examined birds revealed A:  Pneumo-
nia represented in diffuse congestion (arrows) and cellular infiltra-
tion (arrowhead) in  Turkey.  B:  Severe focal hemorrhage (arrows) 
with focal cellular infiltration (arrowhead) in  Duck. C:  Perivascu-
lar cellular infiltration (arrow) with focal partial alveolar stenosis 
(arrowhead) in Quail. D: Perivascular oedema, fibrosis, and cellular 

infiltration (arrows head) in Chicken. E: Perivascular fibrosis (arrow-
head) with extravasated erythrocytes in Duck. F: Hyperplasia of the 
bronchial epithelium (arrow) in Turkey. G: Partial focal emphysema 
(arrows) in Chicken. H: Interstitial extravasated erythrocytes (arrows) 
in Duck.  I:  Congestion of blood vessels (arrows) with perivascular 
edema (arrows head) in Quail (scale bar = 100 µm)

Fig. 3  Photomicrograph of H&E-staine-d sections of P. multocida 
infected lungs in different examined birds revealed A: Vacuolation of 
vascular tunica media (arrowhead) with perivascular edema (tailed 
arrow) and cellular infiltration (arrows) in Chicken. B: Endotheliosis 

(tailed arrows) with vacuolation of vascular tunica media (arrowhead) 
and perivascular fibrosis(arrows) in  Turkey. C:  Perivascular cellular 
infiltration (arrowhead) with endotheliosis (arrows) in  Quail (scale 
bar = 100 µm)
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variety of clinical symptoms and time-consuming labora-
tory investigations, pasteurellosis diagnosis can be chal-
lenging (Abbas et al. 2018).

Studies of pathognomonic features of P. multocida iso-
lates among various avian species have shown significant 
genetic variations among P. multocida strains from each 
avian species (Hurtado et al. 2020). These variations were 
attributed to many factors, including difference in host 
immune systems, various environmental conditions, and 
different transmission routes which have implications for 
the pathogenicity, diagnosis, treatment, and prevention of P. 
multocida infections in avian species (Saha et al. 2021; Shal-
aby et al. 2021).

Accompanying respiratory signs can reduce the feed 
intake leading to weight loss with the rapid progression 

of the disease. Congested catarrhal tracheitis with yellow-
ish exudates is in harmony with those obtained by Marien 
(2007). Edematous firm yielded blood-cut surface-tinged 
exudate and mild hemorrhage was detected in P. multo-
cida infection in complete accordance with those mentioned 
by Lakshman et al. (2006).

The tracheal lesions exhibited no characteristic lesion 
specified by the isolated strains in all examined birds. 
Detected lesions in ducks were more severe than those 
observed in chicken, quails, and turkeys which was simi-
lar to that reported by Awadin et al. (2017), however, we 
disagree with their findings regarding multiple granulomata 
in P. multocida infection.

Acute interstitial pneumonia was the most prominent 
lesion observed in acute respiratory infection of the lungs 
closely related to that described by Lakshman et al. (2006) 
who described the same lesion characterized by thicken-
ing of interalveolar septa with fibrin threads accumulation. 
Hemorrhages, congestion, and pneumonic changes were in 
line with the findings of Cynthia and Kahn (2005) and Ram 
and Abraham (2013) in the case of avian pasteurellosis.

In this study, P. multocida was isolated with a total preva-
lence of 9.4% (30/317) from the tested birds. The majority 
were of capsular type A (96.6%; 29/30). This is consist-
ent with other studies (Mohamed and Mageed 2014; Abd-
Elsadek et al. 2021; Shalaby et al. 2021) which isolated P. 
multocida in nearly similar percentages and found capsular 
type A to be the most common capsular type among avian 
strains. Interestingly, capsular type D was detected in 3.4% 
(1/30) of isolated P. multocida from quails, a serogroup con-
sidered rare (Glisson et al. 2008), demonstrating a variable 
prevalence of the serogroups in cases of respiratory disease 
according to the geographic region (Davies et al. 2003).

Climate change is a major environmental factor that 
can affect the transmission of this rare serogroup and wide 
spread of this infectious disease (Lafferty 2009; Bartlow 
et al. 2019). Pasteurella multocida is more likely to survive 
and spread in warm, moist conditions (Iverson et al. 2016). 
As a result, climate change is expected to lead to an increase 
in the isolation rate of P. multocida isolates among various 
avian species.

A study published in 2017 found that the isolation rate 
of P. multocida isolates from poultry flocks in the United 
States increased by 20% between 1996 and 2016 (Nhung 
et al. 2017). The study also found that the increase in isola-
tion rate was more pronounced in warmer regions of the 
country.

Another study, published in 2020 found that the survival 
of P. multocida in water droplets was significantly longer at 
temperatures of 37 °C and 42 °C than at 25 °C (Van Driess-
che et al. 2020). This suggests that climate change could lead 
to an increase in the transmission of P. multocida through 
contaminated water.

Table 3  Lesions score of respiratory disorders in lung of infected 
birds

Affected tissue Lesion Severity Infected bird

Lung Pneumonia Quail  +  + 
Chicken  +  +  + 
Duck  +  +  + 
Turkey  +  + 

Alveolar stenosis Quail  +  + 
Chicken  + 
Duck  +  + 
Turkey  + 

Hemorrhage Quail  +  + 
Chicken  +  + 
Duck  +  +  + 
Turkey  +  +  + 

Emphysema Quail − 
Chicken  +  + 
Duck  +  + 
Turkey  + 

Hyperplasia of bron-
chial epithelium

Quail − 
Chicken − 
Duck  +  +  + 
Turkey  +  + 

Vascular changes Quail  +  + 
Chicken  +  +  + 
Duck  +  +  + 
Turkey  + 

Perivascular fibrosis Quail  + 
Chicken  +  + 
Duck  +  +  + 
Turkey  +  + 

Perivascular edema Quail  + 
Chicken  +  + 
Duck  +  +  + 
Turkey  + 
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Table 4  Univariate logistic 
regression model for each bird 
species

B-coefficient Odds ratio Low High p-value Significance

Chicken
 District
  (Intercept) − 2.0 0.1 − 3.9 − 0.7 0.0 *
  Abo kbir − 0.4 0.7 − 2.3 1.7 0.7 Ns
  Belbis − 15.6 0.0 #N/A 97.2 1.0 Ns
  Dereb negm − 0.2 0.8 − 3.3 2.3 0.9 Ns
  El- Hessneia 0.0 1.0 − 1.9 2.1 1.0 Ns
  Fakous − 0.1 0.9 − 3.2 2.4 1.0 Ns
  Menia El-Kamh − 0.4 0.7 − 2.1 1.6 0.7 Ns

 Breed
  (Intercept) − 1.8 0.2 − 2.8 − 1.1 0.00 *
  Breed: Broiler − 0.1 0.9 − 1.3 1.1 0.84 Ns
  Breed: Layer − 2.1 0.1 − 5.0 − 0.3 0.05 *

 Age
  (Intercept) − 0.8 0.4 − 3.7 2.1 0.58 Ns
  Age − 0.2 0.9 − 0.5 0.1 0.32 Ns

 Breeding system
  (Intercept) − 1.6 0.2 − 2.4 − 0.9 0.00 *
  Farm − 1.2 0.3 − 2.4 − 0.1 0.04 *

Duck
 District
  (Intercept) − 19.6 0.0 #N/A 480.1 1.00 Ns
  Abo kbir 16.9 20,957,737.3 − 981.5 #N/A 1.00 Ns
  Belbis 17.5 41,004,268.6 − 429.9 #N/A 1.00 Ns
  Dereb negm 0.0 1.0 − 694.1 865.0 1.00 Ns
  El-Hessneia 0.0 1.0 − 293.0 273.5 1.00 ns
  Fakous 19.6 314,366,059.1 − 427.9 #N/A 1.00 ns
  Menia El-Kamh 16.2 10,478,868.6 − 431.3 #N/A 1.00 ns

 Breed
  (Intercept) − 1.3 0.3 − 2.8 − 0.1 0.05 *
  Molar − 0.4 0.7 − 2.6 1.6 0.69 ns
  Muscovy − 2.0 0.1 − 4.1 − 0.1 0.04 *
  Pekin − 18.3 0.0 #N/A 232.5 0.99 Ns

 Age
  (Intercept) − 1.9 0.2 − 4.8 0.8 0.19 Ns
  Age − 0.1 0.9 − 0.4 0.2 0.61 Ns

 Breeding system
  (Intercept) − 0.2 0.8 − 1.4 1.0 0.76 Ns
  Farm − 3.6 0.0 − 5.7 − 1.9 0.00 *

Turkey
 Breeding: system
  (Intercept) 0.7 2.0 − 1.7 3.8 0.57 Ns
  Farm − 3.5 0.0 − 6.9 − 0.8 0.01 *

 Age
  (Intercept) 1.5 4.4 -5.3 8.1 0.65 Ns
  Age − 0.4 0.7 -1.1 0.3 0.27 Ns

Quails
 Age
  (Intercept) 14.6 2,255,294.5 4.8 30.6 0.02 *
  Age − 3.0 0.1 − 6.0 − 1.2 0.01 *
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The impact of climate change on the isolation rate of P. 
multocida isolates is likely to vary depending on the specific 
region and the species of bird, however, the overall trend 
is expected to be an increase in isolation rate, as warmer 
temperatures and more extreme weather events create more 

favorable conditions for the bacterium to survive and spread 
(Wilson and Ho 2013).

In addition to climate change, other factors that can affect 
the isolation rate of P. multocida isolates include the density 
of bird populations, the presence of stress factors, such as 

Table 4  (continued) B-coefficient Odds ratio Low High p-value Significance

 Breeding: system
  (Intercept) − 2.0 0.1 − 3.9 − 0.7 0.01 *
  Farm 0.3 1.4 − 1.6 2.5 0.73 Ns

 District
  (Intercept) − 1.5 0.2 − 2.6 − 0.6 0.00 **
  Belbis − 17.0 0.0 #N/A 230.7 0.99 Ns

* Significant, Ns: Non- significant

Table 5  Multivariate logistic 
regression with interaction 
terms per species

Ns non-significant
* Significant

B-coefficient Odds ratio Low High p-value Significance

Chicken
 District
  (Intercept) 1.37 3.94 − 1.46 4.97 0.37 Ns
  Abo kbir − 0.90 0.40 − 3.46 1.64 0.46 Ns
  Belbis − 19.55 0.00 #N/A 220.09 1.00 Ns
  Dereb negm 0.90 2.45 − 2.53 3.93 0.55 Ns
  El- Hessneia 0.39 1.48 − 2.04 3.07 0.76 Ns
  Fakous − 3.19 0.04 − 7.44 0.12 0.08 Ns
  Menia El-Kamh 0.57 1.77 − 1.72 3.23 0.64 Ns

 Breed
  Broiler − 2.49 0.08 − 5.87 0.15 0.08 Ns
  Layer − 4.35 0.01 − 8.44 − 1.15 0.01 *

 Interactions
  Farm − 3.97 0.02 − 7.60 − 1.01 0.01 *
  Broiler: farm 2.71 15.01 − 0.86 6.74 0.15 Ns
  Layer: farm − 13.04 0.00 − 529.66 71.42 0.99 Ns

Duck
 (Intercept) − 0.41 0.67 − 2.43 1.39 0.66 Ns
 Molar 20.97 1,281,803,142.55 − 1924.02 #N/A 1.00 Ns
 Muscovy 20.97 1,281,803,185.67 − 3581.41 #N/A 1.00 Ns
 Pekin − 20.16 0.00 #N/A 1237.46 1.00 Ns
 Interactions
  Farm − 1.67 0.19 − 4.97 0.98 0.23 Ns
  Molar: farm − 39.46 0.00 #N/A 1208.49 1.00 Ns
  Muscovy: farm − 22.90 0.00 #N/A 3220.25 1.00 Ns
  Pekin: farm 1.67 5.33 #N/A 1353.40 1.00 Ns

Quails
 (Intercept) 13.24 562,738.71 2.87 29.78 0.04 *
 Belbeis − 16.31 0.00 #N/A 449.64 1.00 Ns
 Age − 2.69 0.07 − 5.81 − 0.86 0.02 *
 Farm 0.09 1.10 − 3.18 2.93 0.95 Ns
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Table 6  Source, capsular type, antimicrobial resistance profiles, virulence, and resistance genes of P. multocida isolates recovered from different 
examined avian species

Isolate Capsular type Source Resistance Profiles* MAR  Indexc Resistance to 
antimicrobials 
(n = 11)

Virulence genes Resistance genes

1P A Chicken AMC, DO, E, AMP, 
CE

0.38 4  MDRa pfhA, ptfA, fimA, exbB, 
pmHAS, ompA, 
ompH, sodA, sodC, 
hgbA, oma87

ermX

2P A Chicken AMC, SXT, CT, E, 
AMP, L, CE

0.54 6  MDRa pfhA, ptfA, fimA, exbB, 
pmHAS, ompA, 
ompH, sodA, sodC, 
hgbA, oma87

ermX, mcr-1

3P A Chicken AMC, DO, SXT, CT, 
E, AMP, L

0.54 6  MDRa ptfA, fimA, exbB, 
pmHAS, ompH, 
sodA, sodC, hgbA, 
oma87

ermX, mcr-1, sul-1

4P A Chicken AMC, SXT, CT, E, 
AMP, L, CE

0.54 6  MDRa ptfA, exbB, pmHAS, 
sodA, sodC, hgbA, 
oma87

ermX, dfrA1, blaROB-1

5P A Duck AMC, SXT, CT, E, 
AMP, L

0.46 5  MDRa pfhA, ptfA, exbB, 
pmHAS, ompA, 
ompH, sodA, sodC, 
hgbA, oma87, nanH

ermX, blaROB-1,
mcr-1, sul-1

81P A Chicken DO, L, CE 0.23 3  MDRa pfhA, ptfA, exbB, 
pmHAS, ompA, 
ompH, sodA, sodC, 
hgbA, oma87, nanH

tetH

82P A Chicken AMC, DO, L, CE 0.31 4  MDRa ptfA, exbB, pmHAS, 
ompH, sodA, sodC, 
hgbA, oma87, nanH, 
fimA,

tetH

83P A Duck DO, E, CT, CE 0.31 4  MDRa pfhA, ptfA, fimA, 
pmHAS, sodA, sodC, 
nanH, oma87

tetH

84P A Chicken AMC, DO, AMP, N, 
CE

0.38 4  MDRa pfhA, ptfA, fimA, 
pmHAS, ompA, 
sodA, sodC, oma87

tetH

131P A Chicken AK, AMC, DO, SXT, 
E, CE

0.46 6  MDRa ptfA, exbB, ompA, 
ompH, sodA, sodC, 
hgbA, oma87, nanH

ermX, dfrA1, sul-1

132P A Chicken SXT, E, CT, CE 0.31 4  MDRa pfhA, ptfA, exbB, 
pmHAS, ompH, 
sodA, sodC, hgbA, 
oma87

mcr-1, sul-1

133P A Chicken SXT, E, SH 0.23 3  MDRa ptfA, pmHAS, sodA, 
sodC, oma87

ermX, sul-1

171P A Chicken AMC, DO, SXT, E, 
AMP, SH

0.46 5  MDRa ptfA, exbB, pmHAS, 
ompA, toxA ompH, 
sodA, hgbA, oma87

ermX, mcr-1, sul-1, tetH

172P A Chicken AMC, SXT, CE 0.23 3  MDRa pfhA, ptfA, fimA, 
pmHAS, ompH, 
sodA, hgbA, oma87

blaROB-1, dfrA1, sul-1

191P A Duck AK, AMC, DO, SXT, 
E, CT, AMP, N, SH

0.69 7  MDRa pfhA, ptfA, fimA, 
ompA, toxA, ompH, 
sodA, sodC, oma87, 
nanH

ermX, blaROB-1,
mcr-1, sul-1, dfrA1

192P A Duck AMC, SXT, CT, CE, 
SH

0.38 5  MDRa ptfA, exbB, pmHAS, 
ompH, sodA, sodC, 
hgbA, oma87, nanH

blaROB-1,
mcr-1, sul-1, dfrA1
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AK amikacin; N neomycin; AMC amoxicillin-clavulanic acid, AMP ampicillin, CE cephradine; DO doxycycline; FFC florfenicol; SXT sul-
famethoxazole-trimethoprim; CT colistin, E erythromycin; L lincomycin; SH spectinomycin and ENR enrofloxacin
a The isolates were resistant to ≥ 1 agent in ≥ 3 antimicrobial categories
b The isolates were resistant to ≥ 1 agent in all except ≤ 2 antimicrobial categories
c Multiple antibiotic resistance index (average MAR index = 0.43)

Table 6  (continued)

Isolate Capsular type Source Resistance Profiles* MAR  Indexc Resistance to 
antimicrobials 
(n = 11)

Virulence genes Resistance genes

195P A Duck AK, AMC, DO, SXT, 
E, CT, AMP, L, CE, 
SH

0.77 9  XDRb pfhA, ptfA, fimA, exbB, 
ompH, sodA, sodC, 
oma87, nanH

ermX, blaROB-1,
mcr-1

202P A Duck AK, AMC, SXT, E, 
CT, AMP

0.46 5  MDRa pfhA, ptfA, fimA, 
exbB, ompH, sodA, 
sodC, oma87, nanH, 
pmHAS

blaROB-1, tetH

210P A Chicken AMC, SXT, CE, SH 0.31 4  MDRa ptfA, exbB, ompH, 
sodA, sodC, oma87, 
nanH, pmHAS, hgbA

blaROB-1

211P A Chicken AMC, DO, SXT, E, 
CT, AMP, L

0.54 6  MDRa ptfA, fimA, sodA, 
sodC, oma87, nanH, 
hgbA

ermX, blaROB-1,
mcr-1, dfrA1

221P A Quail AMC, DO, E, AMP, 
CE

0.38 4  MDRa pfhA, ptfA, fimA, exbB, 
pmHAS, ompA, 
ompH, sodA, sodC, 
oma87, nanH

ermX, blaROB-1

222P A Quail AMC, SXT, E, CT, 
AMP, L, CE

0.54 6  MDRa pfhA, ptfA, exbB, 
pmHAS, ompA, 
ompH, sodA, sodC, 
oma87, nanH

blaROB-1

223P A Quail AMC, DO, SXT, E, 
CT, AMP, L

0.54 6  MDRa ptfA, fimA, exbB, 
pmHAS, ompA, 
ompH, sodA, sodC, 
oma87, nanH

ermX, blaROB-1,
mcr-1, sul-1, dfrA1

224P D Quail AK, AMC, DO, SXT, 
E, CT, AMP, N, L, 
CE

0.69 7  MDRa ptfA, ompA, toxA, 
ompH, sodA, sodC, 
oma87, nanH, hgbA

ermX, blaROB-1,
mcr-1, sul-1, dfrA1

225P A Quail AMC, DO, SXT, E, 
CT, AMP, CE

0.46 5  MDRa ptfA, fimA, sodA, 
sodC, oma87

ermX, blaROB-1,
dfrA1

247P A Duck AMC, DO, E, CT, L 0.31 4  MDRa ptfA, fimA, exbB, 
pmHAS, ompA, 
ompH, sodA, sodC, 
oma87, hgbA

ermX

263P A Turkey AMC, CT, L 0.23 3  MDRa ptfA, fimA, exbB, 
pfhA,ompA, ompH, 
sodA, sodC, oma87, 
hgbA

mcr-1, dfrA1

264P A Turkey AMC, DO, E, CT, L, 
CE, SH

0.54 7  MDRa ptfA, exbB, ompH, 
sodA, sodC, oma87, 
hgbA

ermX

265P A Turkey AMC, E, CT, L, CE 0.38 5  MDRa ptfA, fimA, pfhA, 
sodA, sodC, oma87, 
hgbA

ermX

273P A Turkey AMC, DO, L, CE 0.31 4  MDRa ptfA, exbB, pmHAS, 
ompH, sodA, sodC, 
oma87, hgbA

blaROB-1, tetH
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overcrowding or poor nutrition, and the vaccination status 
of the birds (Iverson 2015).

The study also found that the breed, age, location, clinical 
symptoms, and sample type all had a substantial impact on 
the incidence rate of P. multocida in all hosts suggesting that 
several factors can contribute to the transmission and spread 
of P. multocida infections in avian species and give obvious 
explanations of the obtained prevalence rates.

Thirteen crucial virulence-associated genes (pfhA, ptfA, 
fimA, exhB, pmHAS, ompA, ompH, toxA, hgbA, sodA, sodC, 
nanH, and oma87) involved in pathogenesis (Aski and Taba-
tabaei 2016) were tested for presence in P. multocida iso-
lates. According to the study's findings, all of the isolates 
had virulence-associated genes with various degrees.

It is well known that the toxA gene, which encodes the 
PMT-P. multocida toxin, is substantially connected to sero-
group D. This toxin causes osteolysis, a crucial phase that 
follows the respiratory syndrome (Davies et al. 2003).

The primary requirement for bacterial infection is their 
attachment to the host cell, thus adhesion is regarded 
as one of the potential virulence factors (Sarangi et  al. 
2014 and Essawi et al. 2020). The high prevalence of several 

adhesion-related genes, including fimA, pfhA, and ptfA, was 
found in this study, indicating that either proteins operate 
synergistically or are necessary at various phases of colo-
nization or infection. Filamentous hemagglutinins encoded 
by the pfhA gene play an important role in the initial colo-
nization of the upper respiratory tract and the frequency of 
this gene varies greatly among strains of P. multocida. It has 
been established that this gene is a significant epidemiologi-
cal marker and its prevalence among 50% of the obtained 
isolates is connected to the development of disease in sev-
eral avian species (Haghnazari et al. 2017; Li et al. 2018). 
Interestingly, the absolute incidence of ptfA was recorded 
at 100% irrespective of its capsular type. These data were 
in the line with several prior studies (Sarangi et al. 2015; 
Furian et al. 2016; Vu-Khac et al. 2020).

F u r t h e r m o r e ,  t h e  p o r i n  g e n e s   o m p A , 
ompH, and oma87 were found in 46.6%, 76.6%, and 100% 
of the isolates, respectively. These results imply that OMPs 
play a major role in host–pathogen interaction (He et al. 
2021).

Hemoglobin binding protein-encoding gene (hgbA), 
neuraminidase gene (nanH), iron acquisition protein 

Fig. 4  Heatmap supported by dendrogram showing the overview 
of the distribution of antimicrobial resistance phenotype, genes and 
virulence genes in the studied bird species. Different bird species, 

breeds and sample types are shown as color-coded. Red and blue col-
ours indicate presence and absence of respective feature. Dendrogram 
shows the clustering pattern of the isolates
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Fig. 5  Pairwise correlation of different Pasteurella isolates (A) and 
analysed features (B). The correlation coefficients are shown as col-
ours on the scale (positive: red, negative: blue). The more intense 

the colour, the more the stronger the positive or negative correla-
tion. Stars refer to the respective significant correlation (details of the 
p-value are shown in Table S1)

Fig. 6  Stacked bar graph showing the frequency of occurrence of both antimicrobial resistance (A) and virulence (B) genes. Each colour refers 
to one gene that are color-coded. The source of the isolates is shown on the X-axis
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(exhB), and superoxide dismutase (sodA, sodC) were 
detected with 66.6, 50, 70, 100, and 93% prevalence, 
respectively. Differences in virulence profiles between 
investigations revealed that various P. multocida isolates 
may have diverse pathogenic mechanisms (Li et al. 2018; 
Abd El-Hamid et al. 2019; El-Demerdash et al. 2023b).

Diverse virulence profiles were detected for each isolate 
in correlation with their host or species, indicating dif-
ferences in the P. multocida strains' capacity for invasion 
(Prajapati et al. 2020; El Damaty et al. 2023).

High frequencies of resistant genes were noticed 
towards erythromycin, β-lactam, and colistin in all spe-
cies of examined birds. These results are not surprising 
as the isolates showed high resistance to erythromycin, 
β-lactam, and colistin antimicrobial drugs in susceptibility 
assays, which is comparable with prior findings in Egypt 
(Shalaby et al. 2021), Brazil (de Alcântara  et al. 2020) 
and India (Sivagami et al. 2020), but our results were more 
sever and higher in rates. Additionally,  the dfrA1 gene 

Table 7  Frequency of 
antimicrobial resistance 
phenotypes, genotypes and 
virulence genes in the studied 
birds

AK amikacin; N neomycin; AMC amoxicillin-clavulanic acid, AMP ampicillin, CE cephradine; DO doxy-
cycline; FFC florfenicol; SXT sulfamethoxazole-trimethoprim; CT colistin, E erythromycin; L lincomycin; 
SH spectinomycin and ENR enrofloxacin
*p-values refer to significance of differences among studied animal species using Chi-square test. p-value 
cutoff was 0.05.

Variable Chicken Duck Quails Turkey X2 p-value1

Present Absent Present Absent Present Absent Present Absent

AK 2 12 3 3 1 4 0 4 4.5 0.2
AMC 13 1 6 0 5 0 4 0 1.1 0.7
DO 9 5 3 3 3 2 3 1 0.6 0.8
FFC 0 14 0 6 0 5 0 4 NA NA
SXT 11 3 6 0 5 0 0 4 16.1 0.001
E 13 1 6 0 5 0 4 0 1.1 0.7
CT 12 2 6 0 4 1 4 0 1.8 0.5
AMP 14 0 5 1 5 0 4 0 3.9 0.2
N 2 12 1 5 1 4 4 0 12.2 0.006
L 12 2 6 0 4 1 4 0 1.8 0.5
CE 13 1 6 0 5 0 4 0 1.1 0.7
SH 7 7 4 2 0 5 2 2 5.4 0.1
ENR 0 14 0 6 0 5 0 4 NA NA
mcr-1 5 9 4 2 2 3 1 3 2.2 0.5
sul-1 6 8 3 3 2 3 0 4 2.9 0.3
dfrA1 5 9 2 4 3 2 1 3 1.4 0.7
blaROB-1 5 9 5 1 3 2 1 3 4.9 0.1
ermX 7 7 3 3 5 0 2 2 4.2 0.2
tetH 4 10 2 4 1 4 1 3 0.2 0.9
pfhA 6 8 5 1 2 3 2 2 3.1 0.3
ptfA 14 0 6 0 5 0 4 0 NA NA
fimA 7 7 4 2 3 2 2 2 0.5 0.9
exbB 10 4 4 2 3 2 3 1 0.3 0.9
pmHAS 12 2 4 2 3 2 2 2 2.7 0.4
ompA 6 8 2 4 4 1 1 3 3.4 0.3
toxA 1 13 1 5 1 4 0 4 1.3 0.7
ompH 10 4 5 1 4 1 3 1 0.3 0.9
soda 14 0 6 0 5 0 4 0 NA NA
sodC 12 2 6 0 5 0 4 0 2.3 0.5
hgbA 12 2 2 4 1 4 4 0 11.9 0.007
nanH 5 9 6 0 4 1 0 4 12.9 0.004
oma87 14 0 6 0 5 0 4 0 NA NA
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which represents a resistance pattern to trimethoprim was 
detected at a higher rate in quail species.

 Presence of these genes on plasmids poses a great hazard 
to public health as bacteria can acquire a single plasmid 
to become multi-antibiotic resistant all at once, eventually 
developing multidrug resistance. Furthermore, plasmids 
frequently contain genes that affect the pathogenicity of 
bacteria (Cao et al. 2020), which explains the obtained high 
values of multiple resistance indices among various iso-
lates and the appearance of extreme drug resistance (XDR) 
phenomenon.

The XDR of P. multocida in poultry is a serious threat to 
animal and public health as it is so difficult to treat infected 
birds and can lead to high mortality rates (Anholt et al. 2017; 
Algammal et al. 2022b).

Furthermore, it can be transmitted to humans, either 
through contact with infected animals or through the con-
sumption of contaminated food posing a serious health risk, 
as it can cause severe infections, such as pneumonia and 
meningitis (Phillips et al. 2004).

There are a number of factors that can contribute to the 
emergence of XDR P. multocida in poultry including the 
overuse and misuse of antibiotics, the inadequate biosecu-
rity measures, and the transportation and movement of birds 
between farms (Elayaraja et al. 2020; Bester et al. 2022).

The data have provided valuable insights into the associa-
tion of antimicrobial resistance and virulence features in P. 
multocida isolates from various avian species. No particular 

clustering of analyzed genes or phenotypes was observed 
suggesting that the presence of antimicrobial resistance and 
virulence genes is not necessarily correlated. However, the 
study did find that there was a high positive significant corre-
lation between lincomycin and colistin-resistant phenotypes. 
This suggests that the presence of one of these resistance 
genes may increase the likelihood of the presence of the 
other and a broad-spectrum approach to antimicrobial treat-
ment may be necessary.

The study found that the frequency of occurrences 
of sodA, ompH, ermX, and blaROB-1 genes is the most 
prevalent, especially in quails higher than in other under-
studied. This is attributed to many factors, such as the high 
density of these birds in commercial poultry farms, the use 
of antimicrobials in poultry farming, and poor hygiene prac-
tices used in the handling of birds.

In total, this study not only helped to represent a complete 
picture of the diagnosis of pasteurellosis but also aided in 
understanding the epidemiology of P. multocida infections 
among avian species.

Notably, the high number of cases in the Fakous district 
is likely due to several factors, including; the high density 
of livestock in the district, poor hygiene practices used in 
the handling of livestock, lack of access to clean water and 
sanitation and recent climate changes.

These findings highlight the need for interventions to 
improve hygiene practices used in livestock handling and to 
improve access to clean water and sanitation in the Fakous 

Fig. 7  Epidemiological map-
ping of positive cases of Pas-
teurellosis in different districts 
in Sharkia Governorate, Egypt. 
Colors indicate number of posi-
tive cases per district; the more 
intense the color, the higher the 
occurrence
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district, which could help to reduce the number of cases of 
pasteurellosis in the district.

Moreover, the obtained different pathogenic and genetic 
profiles of the isolates can help in the development of molec-
ular diagnostic tests and vaccines for P. multocida infections 
in the poultry industry.

Conclusion

The present study provides comprehensive epidemiological 
information on the diversity, histopathological, and viru-
lence gene properties of Egyptian Pasteurella multocida iso-
lates among various avian species. Moreover, the obtained 
data highlights the growing threat of factors that affect the 
isolation rate of P. multocida and antimicrobial resistance 
in examined bird species. The increasing prevalence of 
antimicrobial resistance and virulence genes in P. multo-
cida observed during this study is a serious public health 
concern. Therefore, this research is essential to develop 
effective strategies to prevent the spread and control avian 
cholera, other diseases, and antimicrobial resistance caused 
by this bacterium, thus contributing to the great protection 
of human health.
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