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ABSTRACT

Fowl cholera is a contagious bacterial disease in poultry caused by Pasteurella multocida (P. multocida), which
presents a significant threat to layer chicken farming due to its economic impact and potential antibiotic resistance.
This study aimed to characterize P. multocida isolates from a fowl cholera outbreak in Sukabumi by assessing
antibiotic resistance profiles and detecting virulence-associated genes. Eight P. multocida bacterial isolates from
organ sample were cultured on blood agar and subjected to antibiotic susceptibility testing using the Sensititre™
GN4F system. Genomic DNA was extracted and analyzed for 16 virulence genes through conventional polymerase
chain reaction (PCR). Results showed that all isolates were generally susceptible to the tested antibiotics, except for
isolate P.m1, which was confirmed resistant to levofloxacin and ciprofloxacin. Virulence gene detection revealed
that most isolates carried nearly all virulence genes tested, particularly those encoding capsule (capA), iron
acquisition proteins (exbB, hgbB, fur), fimbriae and adhesins (fim4, fimA, pfhA, tadD), outer membrane proteins
(oma87, plpB), sialidases (nanB, nanH), and superoxide dismutases (sodA, sodC). Notably, no isolates harbored the
toxA gene. The presence of extensive virulence factors despite general antibiotic susceptibility underscored the
pathogen’s potential to persist and cause disease, and highlighted the need for targeted surveillance and
comprehensive control strategies in Indonesia.
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INTRODUCTION

The layer poultry farming sector has gained increased public attention due to the rising market demand for livestock
products annually, driven by population growth and improved nutritional awareness (Maulana et al., 2017). However,
the disease still represents a serious challenge in layer farms, causing economic impacts associated with lower egg yields
and higher layer mortality (Faisal, 2019). One of the common diseases affecting layer farms is fowl cholera.

Fowl cholera is a contagious bacterial infection in avian species caused by Pasteurella multocida (P. multocida,
Zainuddin, 2014). This gram-negative bacterium can colonize the mucosal surfaces of the upper respiratory tract, as well
as the air sacs and lungs of chicken (Reuben et al., 2021). Transmission may occur through contact with infected layers,
asymptomatic carriers, or contaminated equipment and environments. The clinical signs of fowl cholera include
weakness, lethargy, anorexia, edema in the facial area, comb, and wattles (Zainuddin, 2014).

Treatment of P. multocida infections generally involves the use of antibiotics. Nonetheless, administration of
antibiotics must be precise to prevent the emergence of antibiotic resistance (Furian et al., 2016). Antibiotic resistance
poses a threat to animal health and well-being, increases production costs, and potentially facilitates the spread of
resistance genes to other bacteria (Lobongona et al., 2019). Although antimicrobial resistance has been widely
investigated in numerous poultry pathogens, information on the antibiotic resistance patterns of P. multocida in Asia
remains limited (Sabsabi et al., 2021).

The pathogenesis of P. multocida infection arises from complex interactions between bacterial virulence genes and
the host (Aski et al., 2016). Alongside comprehending pathogenesis, the identification of virulence genes advances the
present understanding of the bacterium’s epidemiology, immune evasion, and vaccine development. The identified
virulence genes of P. multocida include capsule-based serotypes, iron metabolism proteins, toxins, fimbriae, adhesion
factors, sialidase, and outer membrane proteins (Nguyen et al., 2023). Each virulence gene contributes a distinct role in
enhancing the bacterium’s ability to infect the host.

Understanding the antibiotic resistance profile of P. multocida is essential to ensure targeted and effective treatment
while avoiding further resistance development. Likewise, identifying its virulence genes is important to determine the
factors contributing to bacterial pathogenicity. These two parameters serve as a reference for developing appropriate
control strategies for fowl cholera and preventing future outbreaks. The present study aimed to analyze the antibiotic
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resistance and identify the virulence genes of P. multocida isolated from dead chickens in poultry during a fowl cholera
outbreak in Sukabumi Regency, a major poultry production center in West Java Province, Indonesia.

MATERIALS AND METHODS

Ethical approval
Ethical approval for this study was obtained from the Animal Ethics Committee of the School of Veterinary
Medicine and Biomedical Science, IPB University, Indonesia, under the approval number 121/SKE/X/2023.

Culture of Pasteurella multocida isolates

The P. multocida isolates used in this study were previously preserved as freeze-dried cultures and were revived
prior to use. All eight isolates (P.m1-P.m8) originated from organ samples of dead chickens collected from poultry
farms experiencing fowl cholera cases in Sukabumi between 2018 and 2022 (Table 1). The freeze-dried isolates were
revived using 150 pL of Brain Heart Infusion (BHI) broth, streaked onto blood agar, and incubated overnight at 37°C.
The isolates were tested biochemically for catalase, oxidase, and further verified by polymerase chain reaction (PCR;
Mehmood et al., 2018).

Antibiotic resistance testing

Sensitivity to antibiotics assessed against 11 classes of antibiotics, including aminoglycosides, penicillins, -
lactamase inhibitor—penicillin combinations, carbapenems, fluoroquinolones, tetracyclines, cephalosporins, tigecycline,
sulfonamides, monobactams, and nitrofurans. Antibiotic sensitivity was measured using the Minimum Inhibitory
Concentration (MIC) method with the Sensititre™ GN4F system (Thermo Fisher, USA). Approximately 3-5 bacterial
colonies were suspended in distilled water, and the bacterial concentration was adjusted to 0.5 McFarland standard,
corresponding to an optical density (OD) of 0.08-0.1 at 600 nm, as measured using Genesys 10S UV-Vis
spectrophotometer (Thermo Fisher, USA). Subsequently, 1 uL of the bacterial suspension was mixed with Mueller-
Hinton Broth (MHB). A volume of 50 pL of the final suspension was dispensed into each well of the plate using a
multichannel pipette. The plate was sealed and incubated at 34-36°C for 18-24 hours. The MIC results were manually
interpreted by observing the presence or absence of bacterial growth, indicated by sediment at the bottom of each well.
Genomic DNA from all P. multocida isolates was extracted using a modified boiling method as described by Sunartatie
et al. (2024). Virulence gene detection was carried out through PCR. Each PCR reaction consisted of 5 uL of bacterial
genomic DNA, 25 pL of MyTag™ HS Red Mix master mix, 2 pL each of forward and reverse primers (Table 2) at a
concentration of 10 pM, and 16 pL of nuclease-free water. The amplification was performed by SimpliAmp™ Thermal
Cycler (Applied Biosystems, USA) under the following cycling conditions, including initial denaturation at 95°C for 15
seconds, annealing at 55°C for 15 seconds, and extension at 72°C for 10 seconds, repeated for 30 cycles. The PCR
amplicons were analyzed by electrophoresis on a 1.5% agarose gel stained with 0.5 pg/mL ethidium bromide (EtBr). A
100 bp DNA ladder (VC 100 bp Plus DNA Ladder, Vivantis) was used as a molecular weight marker. The gel was
electrophoresed at 120 V for 35 minutes (Indrawati et al., 2025).

Data analysis

Data obtained from the study were presented in tables and figures and analyzed descriptively. Antimicrobial
susceptibility profiles were interpreted based on CLSI and EUCAST breakpoint criteria. The detection of virulence
genes was reported as presence or absence for each isolate and displayed in a comparative table.

Table 1. Pasteurella multocida sample between 2018 and 2022 isolated from poultry farms in Sukabumi, West Java,
Indonesia

No. Isolate code Date of isolation Organ Origin of the sample
1 P.m1 21/12/2018 Trachea Cicurug, Sukabumi
2 P.m2 24/09/2019 Cardiac blood Cicurug, Sukabumi
3 P.m3 25/09/2019 Liver Cicurug, Sukabumi
4 P.m4 20/03/2020 Liver Cicurug, Sukabumi
5 P.m5 23/12/2021 Tracheal Cicurug, Sukabumi
6 P.m6 02/01/2022 Liver Cicurug, Sukabumi
7 P.m7 01/08/2022 Lung Cicurug, Sukabumi
8 P.m8 01/09/2022 Liver Cicurug, Sukabumi
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Table 2. Nucleotide sequence of P. multocida virulence gene primers

Genes Targeted gene Nucleotide Sequence (5°-3”) éggl(lgg)n Reference

CapA Serotyping A $$§§éﬁ¢?§$$§1%i§%c; 1044 Townsend et al. (2001)
ToxA Dermonecrotic toxin gxﬁ%éziéi%gﬁgﬁﬁ‘? EG 864 Tang et al. (2009)
ThpA Transferrin binding protein $§i€£§rgﬁﬁéggmgg 728 Townsend et al. (2001)
Fim4 Type 4 fimbriae $8;$§£‘2.H§¢$ :ﬁggggm]l-%-lc—?rGCTGG 488 Tang et al. (2009)
SodC Superoxide dismutate ?gg¥ég¥égg?§2?g;?€§¢G 235 Ewers et al. (2006)
PfhA Filamentous hemagglutinin ¢gg¥§é;?¢égggﬂ$éé$6 286 Atashpaz et al. (2009)
ExbB Iron acquisition $£%iggﬂ%§ggﬁé$ AGACA 283 Tang et al. (2009)
HgbB Hemoglobin binding protein ég??ggg¥igéég¥¢gi’é‘;¥G 788 Ewers et al. (2006)
NanB Neuroaminidase igi%gmcﬁé :gTCGCTGC% 554 Ewers et al. (2006)
I D O A e ws Tomgets G
PlpB Plasminogen-binding protein B XE;TF%GAEC';FEBJ,EgiTF?g?ggE-&TG 282 Tang et al. (2009)
SodA Superoxide dismutate éﬁ%@%ﬁ%ﬁ%&%ﬁg 361 Ewers et al. (2006)
Oma87 Outer membrane protein 87 ?gié??gggg gg;;é‘é;lﬁggp‘ec 948 Ewers et al. (2006)
FimA  Fimbriae CCATCGGATCTARACGACCTA % Kimetal @019
NanH Neuroaminidase $TA6“TTCAGTCT£$STC§_\GT%’:\A’E\:CTA 360 Kim et al. (2019)

Fur Ferric uptake regulation protein g;?%:g?igi:ﬁlgégﬁ?gé 244 Kim et al. (2019)

RESULTS AND DISCUSSION

Antibiotic resistance

Antibiotics have been utilized in animal production for over five decades as therapeutic agents. Their ability to resist
bacterial infections has contributed to increased average animal life expectancy, appropriate management of infectious
diseases, reduced morbidity and mortality rates, and enhanced food safety. Their broad application in livestock health
has also supported growth performance and productivity (Venkateswaran etal., 2023; Elbehiry and Marzouk, 2024).
However, the misuse and overuse of antibiotics in these systems have accelerated the emergence of antimicrobial
resistance, posing significant threats to both animal and public health (Alhassan etal., 2025). Antibiotic resistance
denotes the ability of microorganisms to endure the inhibitory or bactericidal activity of antibiotic compounds (Abreu et
al., 2023). Variations in Minimum Inhibitory Concentration (MIC) were observed among isolates for several antibiotics.
The MIC is defined as the lowest concentration of an antibiotic compound, measured in pg/mL, that entirely inhibits the
visible growth of a test microorganism in vitro. Analogous to the inhibition zone in qualitative methods, MIC values are
used to determine the susceptibility or resistance category of a pathogen to a specific antibiotic. Elevated values correlate
with an increased risk of treatment failure, regardless of the isolate’s classification as susceptible to the tested antibiotic
(Kowalska-Krochmal and Dudek-Wicher, 2021).

The antibiotic resistance profile of P. multocida isolates is presented in Table 3. Based on the analysis of sensitivity
breakpoints for each antibiotic class, seven isolates were classified as sensitive to the tested antibiotics. Only one isolate,
P.m1, exhibited resistance to two antibiotic classes (fluoroguinolones and tetracyclines). Fluoroquinolones are broad-
spectrum antibiotics with high oral bioavailability and exert their bactericidal action by inhibiting bacterial
topoisomerase Il (gyrase) and topoisomerase IV (Redgrave et al., 2014; Hooper and Jacoby, 2015). Two
fluoroquinolones, levofloxacin and ciprofloxacin, were evaluated in this study. According to EUCAST (2025), bacteria
are considered susceptible to levofloxacin and ciprofloxacin if the MIC values are less than 2 pg/mL and less than 1
pg/mL, respectively. Isolate P.m1 was confirmed resistant to both levofloxacin and ciprofloxacin. Antibiotic resistance
may arise from mutations in the target enzymes (Baggio and Ananda-Rajah, 2021).

Tetracyclines are broad-spectrum antibiotics that inhibit bacterial protein synthesis by binding to the 30S ribosomal
subunit, preventing aminoacyl-tRNA from attaching to the A-site of the ribosome (Manoharan et al., 2023). Two
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tetracyclines, tetracycline and minocycline, were tested in the present study. According to CLSI M45 (2015), bacteria are
deemed susceptible to tetracycline if the MIC is less than 4 pg/mL. One isolate was verified resistant to tetracycline.
Resistance to tetracycline is often facilitated by efflux pump mechanisms (Simanjuntak et al., 2022). Nevertheless, all
isolates remained sensitive to minocycline.

In addition to its resistance phenotype, P.m1 carried fewer virulence-associated genes (11/16) compared to the other
isolates, which possessed approximately 13-14 virulence genes. This difference suggests that P.m1 does not possess a
unique virulence genotype that would confer a selective advantage over the fully susceptible isolates. The reduced
virulence gene content may indicate a lower intrinsic virulence potential. Previous studies have demonstrated that the
acquisition of antimicrobial resistance can impose a fitness cost on bacteria, sometimes affecting growth rate, virulence
factor expression, or overall pathogenic potential (Hernando-Amado et al., 2017). Therefore, although P.m1 is resistant
to multiple antibiotic classes, it is unlikely to be more pathogenic or epidemiologically successful than isolates with a
broader virulence gene repertoire. These findings indicate that multidrug resistance alone does not necessarily translate
into higher virulence or increased transmission potential in poultry infections.

Table 3. Results of P. multocida antibiotic resistance isolated from infected chicken between 2018-2022 in Sukabumi,
West Java, Indonesia

L MIC (pg/mL Sensitivi
Abs  Antibiotics Pmi___Pmz __Pm3___Pma v P.n35 Pm6___Pm7___Pm8 standards
AMI Amikacin <8 <8 <8 <8 <8 <8 <8 16 <16
P/T4 Piperacillin / tazobactam constant 4 ~ <8/4 <8/4 <8/4 <8/4 <8/4 <8/4 <8/4 <8/4 <16/8
TGC Tigecycline <1 <1 <1 <1 <1 <1 <1 <1 <2
Tz 1carcilin/ clavulanic acid <82 <82 <82 <82 <82 <82 <82  <8p <1612

constant 2

LEVO Levofloxacin 2 <1 <1 <1 <1 <1 <1 <1 <2
NIT Nitrofurantoin <32 <32 <32 <32 <32 <32 <32 <32 <32
TET Tetracycline > <4 <4 <4 <4 <4 <4 <4 <4
DOR Doripenem <05 <05 <05 <05 <05 <05 <05 <05 <05
MIN Minocycline <1 <1 <1 <1 <1 <1 <1 <1 <1
ETP Ertapenem <0.25 <0.25 <025 <0.25 <0.25 <0.25 <0.25 <0.25 <05
SXT Trimethoprim / sulfamethoxazole <2/38 <2/38 <2/38 <2/38 <2/38 < 2/38 < 2/38 <2/38 < 2/38
IMI Imipenem 1 <05 <05 1 <05 <05 <05 <05 <1
PIP Piperacillin <16 <16 <16 <16 <16 <16 <16 <16 <16
MERO  Meropenem <05 <05 <05 <05 <05 <05 <05 <05 <1
GEN Gentamicin <2 <2 <2 <2 <2 <2 4 <2 <4
FAZ Cefazolin <1 <1 <1 <1 <1 <1 <1 <1 <2
TOB Tobramycin <2 <2 <2 <2 <2 <2 4 <2 <4
TAZ Ceftazidime <1 <1 <1 <1 <1 <1 <1 <1 <4
AJS2 Ampicillin / sulbactam 2:1 ratio < 4/2 < 4/2 < 4/2 < 4/2 < 4/2 < 4/2 < 4/2 < 4/2 <8/4
AZT Aztreonam <1 <1 <1 <1 <1 <1 <1 <1 <1
AMP Ampicillin <8 <8 <8 <8 <8 <8 <8 <8 <8
FEP Cefepime <4 <4 <4 <4 <4 <4 <4 <4 <4
CIP Ciprofloxacin 2 <05 <05 <05 <05 <05 <05 <05 <1
AXO Ceftriaxone <05 <05 <05 <05 <05 <05 <05 <05 <1
POS Positive control +++ +++ +++ +++ +++ +++ +++ +++

Abs: Abbreviation; MIC: Minimum inhibitory concentration; P.m: Pasteurella multocida isolates refer to Table 1; +++: The appearance of a cell
sediment indicates bacterial growth

Detection of virulence genes

The pathogenicity of Pasteurella multocida is largely determined by the assortment of virulence-associated genes
and factors it carries (Effendi et al., 2022). Each gene group contributes a distinct role in enhancing the bacterium’s
ability to infect the host. In this study, 16 virulence genes were detected and classified into seven functional groups,
including capsule, toxins, iron acquisition proteins, fimbriae and adhesins, sialidases, outer membrane proteins (OMPS),
and superoxide dismutases (SODs). Genes involved in iron acquisition (exbB, exbD, tonB), OMPs (ompA, oma87),
adhesins/fimbriae (fimA), heme-binding (hgbA), and sialidase (nanB) were present in over 90% of sheep isolates
(Nguyen et al., 2023). Toxin gene toxA, however, was detected only in specific serotypes, such as serotype D in sheep,
highlighting serotype-dependent variation (Nguyen et al., 2023). In rabbit-derived isolates, fimbrial and adhesin genes
(fimA, pfhA, ptfA) and toxA were present, and superoxide dismutase gene sodC was detected in all strains; additionally,
pfhA correlated with capsular type, indicating its role in bacterial persistence (D’Amico et al., 2024; Wang et al., 2024).
Collectively, these virulence genes contribute to essential processes, including iron uptake, adhesion to host tissues,
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immune evasion through capsule and OMPs, sialic acid modification, toxin-mediated damage, and protection against
oxidative stress, supporting the infection and survival of P. multocida in the host.

Detection findings revealed that 100% of isolates harbored the genes capA, fim4, sodC, exbB, nanB, plpB, sodA,
oma87, and fimA; 87.5% carried hghB and fur; 62.5% were positive for pfhA, tadD, and nanH; and 50% for tbpA. The
toxA gene was absent in all isolates (Table 4). Among the isolates, the antibiotic-resistant strain P.m1 exhibited a slightly
lower number of positive virulence genes (11/16) compared with most other isolates (13-14/16). Notably, P.m1 lacked
pfhA, tadD, tbpA, hgbB, fur, and nanH, which are associated with adhesion, iron acquisition, and sialidase activity.
However, it retained all core genes (capA, fim4, sodC, exbB, nanB, plpB, sodA, oma87, and fimA) that are essential for
bacterial survival, adhesion, immune evasion, and oxidative stress resistance. These findings suggest that although P.m1
carries antimicrobial resistance, it maintains the fundamental virulence determinants necessary for host infection. The
combination of resistance and retained core virulence genes indicates that resistant isolates like P.m1 can still pose
significant pathogenic threats, highlighting the importance of considering both resistance and virulence profiles in
epidemiological and clinical assessments of P. multocida.

The capsule is a polysaccharide structure that contributes to desiccation resistance, anti-phagocytic activity, and
interacts with the complement system. Pasteurella multocida is categorized into five capsular types (A, B, D, E, and F)
according to the presence of distinct capsule antigens. The findings of this study align with those of Furian et al. (2014),
who identified capsular type A as the most prevalent in avian cholera cases, detecting capA in 49 of 54 isolates via
multiplex PCR. The result of this study aligns with Shivachandra et al. (2006), who reported that 92 out of 94 isolates
carried the capA gene.

The toxA gene encodes a mitogenic toxin that stimulates cell proliferation by interacting with heterotrimeric G
proteins and modifying the alpha subunit through deamidation. This mechanism leads to cytoskeletal rearrangement,
cellular proliferation, differentiation, and survival (Kubatzky, 2022). In contrast with previous studies by Sahragard et al.
(2012), which reported high toxA prevalence in isolates from nasal and tonsil swabs of sheep and goats this present study
did not detect toxA in any isolate. This absence can be explained by the capsular type of the isolates analyzed, which all
belong to capsular type A. Notably, toxA is primarily associated with serogroup D strains in ruminants, including sheep
and goats, and is rarely found in type A isolates or poultry-derived strains (Harper et al., 2006). Therefore, the lack of
toxA is consistent with known serotype-specific distribution patterns in P. multocida, because toxA is sparsely distributed
and associated with a prophage in only some serogroup A and D strains (Siddaramappa et al., 2021). The absence of toxA
in capsular type A isolates aligns with these observations. Importantly, even in the absence of toxA, other virulence
determinants such as oma87, plpB, exbB, sodA, sodC, and nanB remain present and may drive infection in type A
isolates, demonstrating that pathogenicity is not solely dependent on the toxin gene.

Iron plays a vital role in DNA and protein biosynthesis, biofilm formation, redox activity, and electron transport and
is required for bacterial growth and metabolism. During host-pathogen interactions, iron facilitates bacterial
proliferation, adhesion, and expression of virulence factors (Shen et al., 2025). These findings correspond with Ewers et
al. (2006), who identified tbpA in 70% of ruminant isolates but not in those from poultry, felines, or canines. The
absence of thpA in some isolates may be due to its incompatibility with the iron sources present in the avian host. The
high detection rate of hgbhB suggests that heme serves as a primary iron source for P. multocida. Other iron acquisition
and virulence genes, including fur, tonB, exbB, exbD, hgbA, and hgbB1/2, have been frequently identified in avian
isolates, highlighting their importance in bacterial survival and pathogenicity (Farahani et al., 2019).

Fimbriae and adhesin genes are critical for the initial stages of pathogenesis by facilitating attachment to host
surfaces and colonization of the upper respiratory tract (Gross 2006; Haghnazari et al., 2017). These findings are
consistent with Tawor et al. (2024), who reported pfhA and tadD in 55% and 60% of isolates, respectively, obtained from
lung samples and nasal swabs of cattle, sheep, goats, and pet birds with respiratory symptoms. D’ Amico et al. (2024)
similarly detected pfhA, tadD, fim4, and fimA in 76.27%, 59.32%, and 92.23% respectively, also 69.49% of isolates
possessed capA. Despite variations in prevalence among studies, these adhesin-related genes are commonly distributed
among P. multocida isolates from diverse host species, highlighting their potential role in colonization and pathogenesis.

Sialidases allow P. multocida to hydrolyze sialic acids for nutrient acquisition, enabling the bacterium to use sialic
acid as a carbon source, facilitating its growth and persistence on mucosal surfaces (Mizan et al., 2000). In this study, the
detection of nanB and nanH aligns with previous reports. Gharibi et al. (2017) documented the occurrence of nanB and
nanH in 63.6% and 81.8% of isolates, respectively, obtained from nasopharyngeal and nasal swab samples collected
from slaughtered cattle and buffaloes. Nugroho et al. (2022) further demonstrated the functional significance of nanB,
showing its toxicity and hemolytic activity using chicken and rabbit red blood cells, while also reporting variable
detection rates of these genes, although the causes of this variability remain ambiguous. Additional evidence across
species has been reported. Lachowicz-Wolak et al. (2025) detected nanH in isolates recovered from deep nasal swabs
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and lung/bronchi swabs of calves with respiratory disease, while Ziagham et al. (2024) identified both nanB and nanH in
isolates obtained from the oral cavity of various cat breeds. Although detection rates vary among studies and host
species, these findings collectively suggest that sialidase genes are widely distributed in P. multocida and may play an
important role in host colonization and pathogenicity.

Outer membrane proteins function as selective barriers that inhibit the entry of toxic compounds and are crucial for
nutritional uptake, molecular transport, and interactions with the host environment (Hatfaludi et al., 2010). In this study,
all isolates carried oma87, consistent with Furian et al. (2016), who detected oma87 in 100% of poultry isolates obtained
from the liver or heart of chickens and turkeys and from the lung of pigs. Additional reports further support its
prevalence. In goats from Sichuan, oma87 was found in 100% of isolates (Li et al., 2025), and in a Vietnamese study on
porcine P. multocida, oma87 was also universally present (Vu-Khac et al., 2020). Aski et al. (2016) detected oma87 in
100% of isolates obtained from several clinically healthy and diseased animals (bovine, sheep, goat, poultry, dog, and
cat). The widespread distribution of oma87 across diverse host species underscores its high conservation and likely
essential role in the pathogenic potential of P. multocida.

In order to shield bacteria from oxidative stress, which may harm cellular components, including DNA, proteins,
and lipids, superoxide dismutases catalyze the conversion of reactive oxygen species (ROS) generated by neutrophils
and macrophages into hydrogen peroxide and oxygen (Verma et al., 2013). These genes are widely distributed among P.
multocida isolates. Furian et al. (2016) reported that sodA and sodC were present in 96% of poultry isolates obtained
from the liver or heart of chickens and turkeys and from the lungs of pigs. Similarly, Aski et al. (2016) detected both
genes in 100% of isolates collected from nasal and lung swabs of clinically healthy and diseased bovine, sheep, goats,
poultry, dogs, and cats. The consistently high detection rates across studies highlight the essential role of these
oxidative-stress defense genes in the survival of P. multocida within the host environment.

Based on the 16 virulence gene detections, it is evident that all genes except toxA were present in the P. multocida
isolates tested. The existence of these virulence genes supports the bacterium’s ability to infect hosts and survive under
host defense conditions, even when isolates remain susceptible to the majority of tested antibiotics.

Table 4. The virulence gene of P. multocida isolated from infected chickens between 2018-2022 in Sukabumi, West
Java, Indonesia

Genes Targeted gene Isolates Totgl_ of  Percentage
P.ml P.m2 P.m3 P.m4 P.m5 P.m6 P.m7 P.m8  positive
CapA Serotyping A + + + + + + + + 8/8 100
ToxA Dermonecrotic toxin - - - - - - - - 0/8 0
ThpA Transferrin binding protein + + + - + - 4/8 50
Fim4 Type 4 fimbriae + + + + + + + + 8/8 100
SodC Superoxide dismutate + + + + + + + + 8/8 100
PfhA Filametous hemagglutinin + + + - + + 5/8 62.5
ExbB Iron acquisition + + + + + + + + 8/8 100
HgbB Hemoglobin binding protein + + + + + + + 7/8 87.5
NanB Neuraminidase + + + + + + + + 8/8 100
TadD Putative nonspes.ific tight N . ) . N N 5/8 625
adherence protein D
PlpB Lipoprotein B + + + + + + + + 8/8 100
SodA Superoxide dismutate + + + + + + + + 8/8 100
Oma87 Outer membrane protein 87 + + + + + + + + 8/8 100
FimA Fimbriae + + + + + + + + 8/8 100
NanH Neuroaminidase + - + + + + 5/8 62.5
Fur Ferric uptake regulation protein - + + + + + + + 7/8 87.5
Total of positive genes 11/16  14/16 14/16 13/16 13/16 14/16 13/16  13/16

P.m: Pasteurella multocida isolates

CONCLUSION

Antibiotic resistance investigations revealed that all P. multocida isolates were generally susceptible to the tested
antibiotics, with the exception of isolate P.m1, which was confirmed to exhibit resistance to levofloxacin, ciprofloxacin,
and tetracycline. Virulence gene detections showed that 100% of isolates were positive for capA, fim4, sodC, exbB,
nanB, plpB, sodA, oma87, and fimA; 87.5% were positive for hgbB and fur; 62.5% for pfhA, tadD, and nanH; and 50%
for thpA. The toxA gene was not detected in any of the isolates. These findings indicated that, despite the isolates being
mostly susceptible to antibiotics, the presence of multiple virulence genes suggests that P. multocida retains the potential
to induce disease. Future studies should focus on monitoring virulence and resistance gene profiles in local isolates,
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assessing vaccine efficacy under field conditions, and implementing effective preventive and management strategies to
reduce the impact of fowl cholera in poultry farms.
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