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Agriculture is the mainstay of Pakistan’s economy, and livestock accounts for around 14.63% of the 
national GDP. Of all major diseases of livestock, caseous lymphadenitis (CLA), which is an infection 
caused by Corynebacterium pseudotuberculosis, causes serious economic losses and threats to sheep and 
goats’ health and economic values. The present study explored the prevalence, genetic characterization, 
and phylogenetic analysis of C. pseudotuberculosis in small ruminants of Bahawalpur district. The pus 
samples (n=90) from infected animals were cultured on 5% sheep blood agar and identified biochemically. 
DNA was isolated, and the pld gene was amplified by PCR and sequenced (GenBank accession numbers 
PX069784 and PX069785). BLAST sequence analysis showed 99% similarity with Norwegian, 
Portuguese, Chinese, and Egyptian isolates. Phylogenetic analysis was performed by the neighbor-
joining method in MEGA (v.11.0). Comparative modeling of proteins and epitope mapping of local 
isolates (CUVAS3 and CUVAS4) with the reference strain (MIC6-CP019769) showed minimal structural 
and antigenic differences. Statistical comparison by using SPSS (version 22.0) revealed significantly 
higher infection rate in sheep (8.89%) compared to goat (6.67%) (χ² = 5.874, df = 1, p = 0.0154). These 
results show significant genetic associations between local and global C. pseudotuberculosis strains, also 
emphasize to develop better diagnostic and prevention methods to counter CLA in high-risk areas. 

INTRODUCTION

Sheep and goats are affected by a contagious chronic 
disease called caseous lymphadenitis (CLA), and 

its sporadic cases have also recorded in other species 
including cattle, buffaloes, and camels (Dopuđ et al., 2025).
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The disease presents a threat to economic loss in livestock-
based livelihoods and zoonotic health risk to humans. CLA 
decreases productivity, arrests growth, induces chronic 
disorders, and escalates mortality in infected herds, 
ultimately resulting in heavy economic losses globally. 
In developing nations such as Pakistan, wherein livestock 
is a pillar of rural economies, the effect of CLA is most 
harmful. The illness not only lowers animal productivity 
but also worsens poverty and food inadequacy in 
susceptible populations. Outbreaks have been reported to 
have an increased prevalence of CLA in the developing 
world, thus deserving region-specific control measures 
as informed by targeted epidemiological and molecular 
studies (Mustaffa et al., 2025).

Causative agent, Corynebacterium pseudotuberc-
ulosis biovar ovis, is a Gram-positive facultative 
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intracellular bacterium. Clinically, CLA presents with 
abscessation of superficial lymph nodes, subcutaneous 
tissues, and internal organs (Farhan et al., 2023). These 
abscesses often become chronic lesions that lower growth 
rates and reproductive efficiency, causing substantial 
losses in flock health and market value. The bacterium’s 
virulence determinant, phospholipase D (PLD), increases 
vascular permeability, promotes tissue invasion, and plays 
a role in disease progression. Molecular determinants 
of pathogenesis are still need to look after, even after 
the identification of virulence mechanism (Dopuđ et al., 
2025).

Traditional diagnostic methods, like phenotypic and 
biochemical tests, are usually not sufficiently sensitive 
and specific to detect the organism accurately, as 
Corynebacterium species share both genetic and phenotypic 
homology. Molecular diagnostic reagents, especially PCR 
assays for the pld gene of 203 bp, have proven more sensitive 
and reproducible for C. pseudotuberculosis detection (Bakr 
et al., 2025). Moreover, rpoB gene sequencing, encoding 
for the β-subunit of RNA polymerase, has successfully 
differentiate C. pseudotuberculosis from closely related 
species (Khanamir et al., 2023).

The current study aims at conducting molecular 
characterization and phylogenetic study of C. 
pseudotuberculosis isolates collected from infected sheep 
and goats in Bahawalpur. The outcomes will show the 
genetic diversity, virulence, and evolutionary pathways of 
indigenous strains towards better diagnostic, preventive, 
and control strategies for the CLA in Pakistan and 
elsewhere.

MATERIALS AND METHODS

Study area and sample collection
A total of ninety pus samples were aseptically 

collected from superficial abscesses of sheep (n= 45) 
and goats (n= 45) clinically suspected of CLA from the 
Bahawalpur district and adjoining Cholistani regions. The 
sampling sites included 42/DB, Alif 13/BC, Pakkabarah, 
Qainchi Mor, Toba Janu Wala, and Toba Kakrala areas 
characterized by semi-arid conditions and high livestock 
density. Prior to sampling, the abscess surface was 
disinfected with 70% ethanol to prevent contamination. 
Approximately 1 mL of purulent exudate was aspirated 
using a sterile 5 mL disposable syringe (Becton Dickinson, 
USA) or collected with sterile cotton swabs (HiMedia 
Laboratories, India). Each sample was transferred into 
sterile transport tubes and immediately stored at 4°C for 
further processing.

Isolation and Identification of the organism
The samples were initially cultured in nutrient broth, 

followed by streaking on nutrient agar, and final growth 
was observed on 5% sheep blood agar (Oxoid™, UK) 
and incubated at 37°C for 24-48 h under microaerophilic 
conditions. Microscopic examination following Gram 
staining (HiMedia™, India) and biochemical identification 
was conducted using the standard microbiological 
procedures following the protocols of Bergey (1994). 
The modified CAMP test, performed with Staphylococcus 
aureus ATCC 25923 (Thermo Fisher Scientific™, USA.

Molecular identification of C. pseudotuberculosis
Genomic DNA was extracted from 18 confirmed 

isolates using the WizPrep™ gDNA Mini Kit (Cell/Tissue; 
Wizbiosolutions, Seongnam, South Korea) following 
the manufacturer’s protocol. Briefly, bacterial pellets 
were obtained by centrifugation at 7,500 rpm for 10 min 
(Eppendorf 5810R, Germany), resuspended in GT1 buffer, 
and subjected to lysis with Proteinase K and GT2 buffer 
at 56°C for 10 min. DNA was purified through silica-
membrane spin columns and eluted in 100 µL of elution 
buffer. The DNA quality and concentration were evaluated 
using a NanoDrop™ 2000 spectrophotometer (Thermo 
Fisher Scientific™, USA). Samples showing a 260/280 
absorbance ratio between 1.8 and 2.0 were considered 
high quality and stored at −20°C until further use.

Molecular confirmation of the C. pseudotuberculosis 
was achieved by amplifying the phospholipase D (pld) 
gene (203bp) using conventional PCR. Each 25 µL 
reaction mixture contained 13 µL of 2× WizPure™ PCR 
Master Mix (Wizbiosolutions, South Korea), 1 µL of each 
primer (Macrogen Inc., Seoul, South Korea) at a working 
concentration of 10 pmol/µL, 4 µL of template DNA 
(20 ng/µL), and 6 µL of nuclease-free water. The primer 
sequences used were:
PLD-F: 5′-ATAAGCGTAAGCAGGGAGCA-3′
PLD-R1: 5′-ATCAGCGGTGATTGTCTTCC-3′

PCR amplification was performed in a Bio-Rad 
C1000 Thermal Cycler (Bio-Rad Laboratories, USA) 
under the following conditions: Initial denaturation at 
95 °C for 3 min; 40 cycles of denaturation at 95 °C for 
1 minute, annealing at 58°C for 40 sec, and extension 
at 68 °C for 90 sec; followed by a final extension at 68 
°C for 7 min following the protocol of El-Sebay et al. 
(2021). The amplified products were electrophoresed on 
1.5% agarose gel (Sigma-Aldrich™, USA) stained with 
ethidium bromide and visualized under UV light using a 
Syngene G:BOX Gel Documentation System (Syngene, 
Cambridge, UK).

 
Molecular characterization and evolutionary analysis of 
target gene

Representative PCR products were purified and 
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sequenced using the Sanger method at GeneTech Pvt. 
Ltd. (Karachi, Pakistan) following Ali et al. (2024). The 
obtained nucleotide sequences were aligned using BioEdit 
(v.7.0.5.3.) and compared to global reference sequences 
via the NCBI BLASTn tool as described by Javanbakht 
and Hajiyan (2024). The validated pld gene consensus 
sequences were submitted to the NCBI GenBank database. 
Phylogenetic tree was constructed using the Neighbor-
Joining method based on the maximum composite 
likelihood model in MEGA (version 11.0) following Liu 
et al. (2023). This analysis revealed the genetic diversity, 
evolutionary relationships, and regional clustering of 
Pakistani isolates in comparison with international strains.

Strain comparison, epitope and gene mapping
In order to quantify genetic similarity and 

conservation, pairwise comparisons between local isolates 
(CUVAS3 and CUVAS4) and the reference strain MIC6-
CP019769 have been conducted using NCBI BLASTn as 
described by Al-Ethafa et al. (2025). Epitope mapping 
for identification of antigenic regions within the protein 
sequences was done using IEDB software following Shi 
et al. (2023). Mapping of the gene of isolates has been 
carried out to visualize sequence organization and confirm 
the accuracy of alignment against the reference strain.

Statistical analysis
The differences in groups were assessed using the 

Chi-square (χ²) test, and degree of freedom was determined 
with p < 0.05. This statistical analysis was done by SPSS 
(v.26.0) software.

RESULTS

Ninety pus samples were collected from clinically 
suspected CLA cases of sheep (n = 45) and goats (n = 45) 
from different rural and Cholistani areas of Bahawalpur. 
samples (n=17) were identified as C. pseudotuberculosis 
with an overall prevalence of 18.9%. Species-wise 
distribution showed that goats had a significantly greater 
infection rate (13/45; 28.9%) as compared to sheep (4/45; 
8.9%) (χ²= 5.874, df= 1, p= 0.0154). This difference 
suggests potential host-specific vulnerability and higher 
risk of exposure in goats under existing management and 
environmental conditions.

Initial culturing of the pus samples in the nutrient 
broth showed mixed bacterial growth. subculturing on 
nutrient agar produced uniform, white, mucoid, smooth 
and convex colonies with a dry surface typical of C. 
pseudotuberculosis (Fig. 1A, B). Final streaking on 5% 
sheep blood agar showed small (approximately 2 mm in 
diameter), dry, grayish-white, and non-motile, surrounded 

by a narrow zone of complete β-hemolysis (Fig. 1C). 
However, Gram staining showed Gram-positive, short and 
curved bacilli arranged in a V-shaped configurations (Fig. 
1D, E). 

Fig. 1. Corynebacterium pseudotuberculosis: A, B, white 
mucoid characteristics colonies observed on nutrient agar 
plates after in cubation at 37 oC for 48 h, C, purifying 
colonies on hemolysis; D, microscopic examination; E, 
bubble fromations.

C. pseudotuberculosis isolates were confirmed by 
Biochemical testing. All (n=17) isolates tested positive for 
catalase by producing bubbles (Fig. 1D, E). Collectively, 
the biochemical profiles were consistent with previously 
reported characteristics of C. pseudotuberculosis. Figure 2 
shows the higher prevalence in goats than in sheep. These 
findings suggest that there may be some species-specific 
differences in susceptibility to C. pseudotuberculosis.

DNA was successfully isolated from all isolates 
employing the WizPrep™ g DNA Mini Kit according to 
the manufacturer’s protocol. DNA concentration and purity 

Molecular Characterization of Corynebacterium pseudotuberculosis 3
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were determined on a NanoDrop™ spectrophotometer 
(Thermo Fisher Scientific™, USA). A260/A280 ratios 
between 1.8 and 2.0 considered optimal for subsequent 
molecular applications. DNA concentrations were 
heterogeneous ranging from 3.8 ng/µL to 444.5 ng/µL. 
Sample 12 revealed the greatest concentration of DNA 
(444.5 ng/µL), while the lowest (3.8 ng/µL) was recorded 
in Sample 6 (Supplementary Table I).

Fig. 2. Comparative analysis of C. pseudotuberculosis 
positive and negative samples of sheep and goats.

Amplification of the pld gene with regular PCR 
yielded clear amplicons of the right size (203 bp) in all 
17 isolates (Fig. 3A). The clear, sharp bands verified 
molecular identity of C. pseudotuberculosis. There was no 
amplification in negative controls to ensure specificity and 
reliability of the assay.

Sanger sequencing of the pld gene produced high-
quality chromatograms with well-defined peaks, indicating 
precise nucleotide resolution. The sequences were 
deposited in the NCBI GenBank database with accession 
numbers PX069784 and PX069785 following Fukuda et 
al. (2021). BLAST analysis showed 98-100% sequence 
identity with global C. pseudotuberculosis isolates from 
Norway, Portugal, China, and Egypt, reflecting high 
genetic conservation across different geographic regions.

Phylogenetic tree constructed with Neighbor-Joining 
procedure in MEGA (v.11.0) grouped Pakistani isolates 
(PX069784 and PX069785) together with the reference 
strain MIC6 (GenBank accession: CP019769.1:24150-
24262), with a high bootstrap value of 99% (Fig. 3B, C).

 

 

A 

C 

B 

Fig. 3. A, Agarose gel electrophoresis showing PCR 
amplification 1.5% Agarose Gel of the pld gene (203 bp) in 
Corynebacterium pseudotuberculosis isolates. M(Ladder): 
100 bp DNA ladder, M: 1-3 and 6: positive samples 
showing expected 203 bp band, M:4 and 5 showing 
Negative samples. P, Positive Control; N, Negative 
Control. B, C, Phylogenetic tree of reference strain of C. 
pseudotuberculosis CP019769.1:24150-24262 (in pink) 
isolates constructed by the neighbor-joining method 
showing 97% similarity with the PX069784.1:1-114 and 
PX069785.1:37-149 (in red).

M. Nazir et al.
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Table I. Pairwise amino acid alignment of the CUVAS3 with CUVAS4, showing 97% identity and similarity showing 
no gaps, indicating high sequence conservation.

Strain/ID Start position Sequence alignment End position
CUVAS3 1 MAIMLPVGNAAAAPVVHNPASTANRPVYAIAHRVLTTH 38
CUVAS4 13 .....................................Q 50

Table II. Pairwise amino acid alignment of the CUVAS3 and CUVAS4 with MIC6_CP019769 (Reference strain), 
showing 95% identity and 100% similarity showing less gaps, indicating moderate sequence conservation.

Strain/ID Start position Sequence alignment End position
MIC6_CP019769 1 MAIMLPVGNAAAAPVVHNPASTANRPVYAIAHRVLTTH 37
CUVAS3 1 MAIMLPVGNAAAAPVVHNPASTANRPVYAIAHRVLTTH 38
CUVAS4 13 .....................................Q 50

Table III. Amino acid variations in predicted pld epitopes (E1: pink, E2: green, E3: yellow) comparing MIC6-
CP-19769 with Corynebacterium pseudotuberculosis CUVAS3 and CUVAS4. Dots indicate identity; substitution 
(Q37) suggest antigenic drift. Epitope regions were predicted using IEDB BepiPred, and strain differences identified 
by Clustal Omega alignment.

Epitope region
Position

C1E C2E C3E
2 4 6 8 10 12 14 16 18 20 25 27 30 34 37

MIC6-CP-19769 A M P G A A P V N A R V I V H
CUVAS3 . . . . . . . . . . . . . . .
CUVAS4 . . . . . . . . . . . . . . Q

This genetic association corroborates the evolutionary 
relationship between local and global strains. Minor 
nucleotide differences found in the Pakistani isolates can 
imply regional genetic adaptation.

Pairwise amino acid alignment between CUVAS3 
and CUVAS4 (Table I) showed 97% identity and similarity 
with no gaps, indicating strong sequence conservation. 
Alignment with the reference strain MIC6-CP019769 
(Table II) revealed 95% identity and 100% similarity with 
minor gaps, suggesting moderate conservation and slight 
variations between local isolates and the reference strain. 

Structural modeling of the pld protein using the 
SWISS-MODEL and visualization in UCSF Chimera 
(v.1.19) revealed a well-folded tertiary structure consistent 
with known pld protein conformations. A point mutation 
was identified at residues ASP121A OD2 and PRO18A 
CG (highlighted in Fig. 4) as described by Rodrigues 
et al. (2021) which could potentially influence protein 
stability or immune recognition. Epitope mapping via 
IEDB BepiPred (v.1.0) predicted three major linear B-cell 
epitopes (C1E, C2E, and C3E) located between residues 
2–37. Comparative sequence analysis of local isolates 
CUVAS3 and CUVAS4 with the reference strain MIC6 
identified multiple amino acid substitutions, including 

a substitution at Q37 unique to CUVAS4, suggesting 
potential antigenic variation (Table III).

Gene mapping of C. pseudotuberculosis MIC6 by 
Proksee (v.1.3) and Artemis (v.0.4.1) software generated 
circular and linear genomic maps (Fig. 5). These maps 
described coding sequences (CDS), tRNAs, rRNAs, 
GC content, and GC skew and gave a visual impression 
of genome organization following the protocol of 
Galià-Camps et al. (2024). Combination of molecular, 
phylogenetic, and structural information validated 
identification of C. pseudotuberculosis in the Bahawalpur 
area and demonstrated its intimate genetic association 
with global strains, highlighting a call for a better disease 
surveillance system and molecular tracking to become 
aware of regional strain evolution and epidemiology in 
small ruminants.

DISCUSSION 

Current study verified C. pseudotuberculosis as 
the causative agent of CLA in small ruminants in the 
Bahawalpur district of Pakistan, reaffirming the continued  
relevance of this pathogen to the livestock economy of the 
region. The reported prevalence rate of 33% (18 positive
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Fig. 4. 3D structural model of the PLD protein (A-F) from Corynebacterium pseudotuberculosis, highlighting residues of interest. 
Point mutations involving ASP 121 A OD2 and PRO 18 A CG residues are indicated, suggesting potential sites of structural and 
antigenic variation among strains.
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Fig. 5. Gene map of the reference strain C. pseudotuberculosis MIC6 (CpMIC6). The circular representation highlights coding 
sequences (CDSs), tRNAs, and rRNAs distributed across the genome, with notable genes and loci annotated. The inner track 
indicates GC content and GC skew, providing insights into genomic organization and structural features.

isolates in 90 samples) indicates the endemic status of 
CLA in southern Punjab. This prevalence is significantly 
higher than the 12.6% described in Russia (Dopuđ et al., 
2025) but similar to Brazil (30%) (Fernandes et al., 2023) 
and the United States (42.2%) (Li and Wu, 2022). It is also 
higher than that from South Africa (25%) (El-Khalfaoui 
et al., 2024), India (16.5%) (Selim et al., 2022), Turkey 
(25%) (Selim et al., 2021), and New Zealand (28%) (Hiller 
et al., 2024). These regional variations might be due to 
differences in diagnostic strategies, husbandry, density of 
animals, weather conditions, and biosecurity protocols, 
which all affect disease transmission patterns.
Phylogenetic reconstruction of the pld gene validated 
that all the isolates belonged to the C. pseudotuberculosis 
biovar ovis clade, as previously established by Hiller et 
al. (2024), who described the same pattern of clustering 
based on pld gene sequences in sheep and goats. The high 

bootstrap supports (90–100%) in the present study validate 
the strength of these genetic associations. Interestingly, the 
Bahawalpur isolates showed small mutations indicative of 
local genetic diversity, potentially due to environmental 
selection pressures or host-specific variation. Their 
clustering with Brazilian and South Korean strains is 
indicative of possible global routes of dissemination or 
genetic exchange through livestock trade, as suggested by 
de Pinho et al. (2021).

Epitope mapping of the pld protein identified three 
predominant antigenic clusters (C1E, C2E, and C3E), with 
minor amino acid variations, specifically at Q37 in isolate 
CUVAS4. These changes might not necessarily impact 
protein function but may have an impact on antigenic 
variability and host immune recognition. Similar results 
were reported by Zhou et al. (2021), who identified 
comparable mutations in C. pseudotuberculosis isolates 
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from China and correlated them with regional adaptation 
rather than enhanced virulence.

The use of pld gene sequencing gave satisfactory 
species-level identification (98–100% similarity with 
reference strains deposited in GenBank), in accordance 
with those of Terab et al. (2021). Nevertheless, as pointed 
out by Carella et al. (2025), this one-gene strategy 
restricts the ability to differentiate between closely related 
species, e.g., Corynebacterium ulcerans, thus limiting 
the ability for subspecies-level differentiation. Future 
studies should thus include multilocus sequence typing 
(MLST) and whole-genome sequencing (WGS) to attain 
higher discriminatory power and improved insight into the 
genomic epidemiology of C. pseudotuberculosis.

The gene mapping carried out in this investigation, 
with emphasis on coding sequences, tRNAs, and GC 
content, is useful to understand local strain evolution 
following Zhang et al. (2024). Combination of genomic 
and phylogenetic information with epidemiological 
monitoring would greatly strengthen control measures 
specific to CLA-endemic areas such as Bahawalpur. These 
observations thus validate the high prevalence and genetic 
conservation of C. pseudotuberculosis in Pakistan but 
pointing out the necessity of the development of novel 
molecular tools and better farm management to help 
combat the impact of CLA on small ruminants.

CONCLUSION 

This study detected the prevalence of C. 
pseudotuberculosis at 33% in small ruminants of 
Bahawalpur; pld gene sequencing, strain comparison, 
gene mapping, and epitope analysis confirmed its very 
close similarity with global strains. A novel point mutation 
reflected regional adaptation, while the phylogenetic 
analysis showed high genetic conservation. These findings 
indicate the global transmission potential of the pathogen 
and call for improved genomic approaches, such as MLST 
and WGS, for enhanced surveillance and control of CLA.
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Supplementary Table I. DNA concentration and purity 
(A260/A280 ratio) of C. pseudotuberculosis isolates 
obtained from pus samples of small ruminants collected 
across different areas of Bahawalpur, Pakistan.

Sample 
No.

Sampling area DNA conc. 
(ng/µL) ± SD

A260/A280 
± SD

1 Pakkabarah 3.9 ± 0.12 1.97 ± 0.02
2 Toba Kakrala 31.3 ± 1.62 1.52 ± 0.05
3 Qainchi Mor 141.5 ± 8.23 1.86 ± 0.03
4 Toba Janu Wala 417.0 ± 12.52 1.71 ± 0.02
5 Toba Janu Wala 306.8 ± 18.34 1.51 ± 0.04
6 Pakkabarah 3.8 ± 0.18 1.13 ± 0.01
7 Toba Kakrala 224.2 ± 10.84 1.93 ± 0.05
8 Pakkabarah 361.9 ± 10.93 1.60 ± 0.03
9 Qainchi Mor 58.9 ± 1.81 1.45 ± 0.03
10 Toba Janu Wala 251.7 ± 11.51 1.13 ± 0.06
11 Toba Janu Wala 443.5 ± 18.67 1.32 ± 0.05
12 Qainchi Mor 444.5 ± 13.96 1.33 ± 0.03
13 Toba Janu Wala 196.6 ± 11.64 1.71 ± 0.04
14 Pakkabarah 279.2 ± 10.33 1.64 ± 0.04
15 Toba Janu Wala 334.3 ± 10.94 1.84 ± 0.06
16 Toba Kakrala 86.4 ± 4.20 1.27 ± 0.05
17 Toba Kakrala 169.1 ± 7.01 1.46 ± 0.05
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