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1. Introduction 
 

For this narrative review, relevant literature was identified through searches of PubMed, Scopus, Web of Science, and 
Google Scholar, with particular emphasis on publications from 2020 to 2026, while older landmark studies were retained when 
necessary for historical, taxonomic, or virological context. Search terms included combinations of “cowpox virus,” 
“Orthopoxvirus,” “cowpox-like disease,” “cattle,” “water buffalo,” “buffalopox,” “vaccinia-like virus,” “parapoxvirus,” “lumpy 
skin disease,” “molecular diagnosis,” “PCR,” “whole-genome sequencing,” “phylogenomics,” “Iraq,” and “Middle East.” 
Particular attention was given to studies addressing cattle, buffaloes, Iraq, the Middle East, molecular diagnosis, genomic 
characterization, differential diagnosis, and zoonotic relevance. 
 

1.1. General characteristics of poxviruses 
 

Members of the family Poxviridae are large, enveloped, brick-shaped to ovoid viruses with linear double-stranded DNA 
genomes and covalently closed hairpin termini. Their genomes are among the largest animal-virus genomes, ranging from 
approximately 128 to 375 kbp, and encode proteins required for replication, transcription, morphogenesis, and virus–host 
interactions (Moss, 2013; McInnes et al., 2023). Poxviruses replicate mainly in the cytoplasm within viral factories, a feature 
that distinguishes them from most DNA viruses. Veterinarily, they cause cutaneous and mucosal lesions that may overlap 
clinically and pathologically; therefore, laboratory confirmation is essential for accurate diagnosis, surveillance, and genomic 
characterization, particularly for genetically diverse and zoonotically important viruses such as CPXV (Moss, 2013; Bruneau et 
al., 2023; McInnes et al., 2023). 
 
 

Abstract Cowpox virus (CPXV) is a zoonotic orthopoxvirus of veterinary and public-health importance because of its broad 
host range, phylogenomic diversity, and diagnostic complexity. This comprehensive review summarizes current knowledge 
of CPXV taxonomy, genome organization, host range, transmission ecology, clinical disease, differential diagnosis, 
laboratory confirmation, molecular epidemiology, and One Health relevance, with particular attention to bovine hosts and 
the epidemiological context of Iraq and the Middle East. Although historically linked to cattle, current evidence supports a 
multi-host reservoir–spillover model in which wild rodents are considered the most plausible reservoirs, whereas domestic 
animals, captive species, livestock, and humans are generally regarded as incidental hosts. In cattle and buffalo, pox-like 
lesions may resemble those caused by vaccinia-like orthopoxviruses, buffalopox virus, parapoxviruses, lumpy skin disease 
virus, bovine herpes mammillitis, or non-infectious teat disorders. In water buffalo, published orthopoxvirus literature is 
dominated by buffalopox rather than confirmed classical CPXV, making etiological confirmation especially important. 
Clinical and histopathological findings are valuable for recognizing suspected cases but remain insufficient for definitive 
species-level identification. Molecular approaches, including PCR, sequencing, and whole-genome sequencing, are 
therefore essential for clarifying viral identity, resolving taxonomic complexity, supporting genomic tracing, and improving 
molecular epidemiology. In Iraq, published evidence has focused mainly on lumpy skin disease virus and parapoxviruses, 
while comparable genomic evidence for classical CPXV remains limited, representing an important knowledge gap. Pox-like 
disease may also impair animal welfare and milk production and create occupational exposure risks for milkers, animal 
handlers, veterinarians, and laboratory personnel. Overall, integrated field investigation, molecular confirmation, 
phylogenetic analysis, biosecurity, and One Health surveillance are needed to strengthen detection and interpretation of 
cowpox-like diseases in Iraq and the wider region. 
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1.2. Taxonomic classification of the family Poxviridae 
 

According to the current ICTV taxonomy, the family Poxviridae belongs to the realm Varidnaviria, kingdom 
Bamfordvirae, phylum Nucleocytoviricota, class Pokkesviricetes, and order Chitovirales. It includes two major subfamilies: 
Chordopoxvirinae, which infect vertebrates, and Entomopoxvirinae, which infect insects. This classification reflects evolutionary 
separation while preserving the shared structural and genomic features of poxviruses. Because poxviruses differ in host range, 
genome organization, gene content, phylogeny, and zoonotic potential, comparative genomics and phylogenetic analysis are 
essential for distinguishing clinically similar pox-like diseases (Gubser et al., 2004; Yu et al., 2021; McInnes et al., 2023). 
 

1.3. Veterinary and zoonotic importance of poxviruses 
 

Poxviruses are important veterinary pathogens of domestic, wild, and companion animals, with variable host range, 
virulence, tissue tropism, and clinical outcomes. In livestock, they commonly cause papular, pustular, nodular, crusted, or 
proliferative lesions that may reduce welfare and productivity by decreasing milk or meat production, causing weight loss, 
increasing treatment costs, leading to secondary complications, and reducing market value. The genus Orthopoxvirus is also 
important zoonotically, as several members can infect humans through contact with infected animals, lesions, body fluids, or 
contaminated environments. Reduced cross-protective immunity after cessation of smallpox vaccination further supports the 
need for One Health surveillance that integrates animal reservoirs, host ecology, human exposure, genomic monitoring, and 
public health preparedness (Haller et al., 2014; Limon et al., 2020; Gieryńska et al., 2023; De Pascali et al., 2024). 
 

1.4. Defining features, major species, and serological cross-reactivity of the genus Orthopoxvirus 
 

The genus Orthopoxvirus includes large double-stranded DNA viruses of major medical, zoonotic, and veterinary 
importance. These viruses differ in host range, ecology, genome content, and pathogenicity, ranging from host-specialized to 
broad-host-range viruses. Host specialization is often associated with genome reduction, whereas broad-host-range 
orthopoxviruses usually retain larger genomes and diverse immune-modulating genes (Reynolds et al., 2018; Tseng et al., 
2025). Major orthopoxviruses include variola virus, vaccinia virus, cowpox virus, mpox virus, camelpox virus, and ectromelia 
virus, which differ in host association and disease relevance (McInnes et al., 2023; Reynolds et al., 2018). A defining feature of 
this genus is strong serological cross-reactivity due to shared antigens, which supports cross-protection after vaccinia-based 
vaccination but limits species-level diagnosis by conventional serology. Definitive identification generally requires PCR, 
sequencing, or genomic analysis (Grossegesse et al., 2023; Byrne et al., 2025; McInnes et al., 2023). 
 

2. Cowpox Virus: Historical Background and Current Scientific Understanding 
 

2.1. Historical background of Cowpox virus 
 

Cowpox has a central place in infectious disease history because the disease historically known as “cowpox” contributed 
to the development of vaccination against smallpox. Rural observations in England linked cow-pox exposure among milkmaids 
to protection against smallpox, and Edward Jenner later transformed this observation into an experimental preventive method 
by inoculating James Phipps in 1796 with material from cow-pox lesions. This work established vaccination as a safer alternative 
to variolation and marked a milestone in the history of immunization (Riedel, 2005). However, the historical term “cow-pox” 
should not be equated directly with modern CPXV classification. Genomic studies show that viruses historically labeled as CPXV 
are not genetically uniform but belong to divergent phylogenetic groups. Historical overlap among cowpox, vaccinia, and 
horsepox further complicates interpretation, making genomic characterization, phylogenetic placement, and comparative 
analysis essential for modern CPXV identification (Carroll et al., 2011; Schrick et al., 2017; Molteni et al., 2022). 
 

2.2. Evolution of scientific understanding of Cowpox virus 
 

Scientific understanding of CPXV has shifted from a host- and lesion-based concept to a genome-informed evolutionary 
and ecological framework. Modern CPXV research relies on comparative genomics, phylogenetics, host-range assessment, and 
ecological context, demonstrating that CPXV is not merely a bovine-associated poxvirus but rather part of a broader zoonotic 
orthopoxvirus complex with diverse hosts and marked evolutionary heterogeneity (Bruneau et al., 2023; Diaz-Cánova et al., 
2022). Ecologically, CPXV is recognized as a Eurasian orthopoxvirus with a broad host range involving domestic animals, captive 
wildlife, zoo animals, rodents, and humans. Wild rodents are the most plausible reservoirs, while cattle, cats, zoo animals, and 
humans are generally spillover hosts (Chantrey et al., 1999; Silva et al., 2021; Bruneau et al., 2023). Whole-genome sequencing 
has further shown that CPXV-related viruses form multiple divergent clusters, requiring genomic and molecular epidemiological 
approaches for accurate interpretation (Diaz-Cánova et al., 2022). 
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2.3. Taxonomic complexity and phylogenomic diversity of Cowpox virus 
 

Genome-based studies show that the designation "cowpox virus" does not represent a single, uniform, or evolutionarily 
coherent lineage. Earlier classifications relied on host association, lesion morphology, or classical phenotypes. However, 
comparative genomics has demonstrated that viruses traditionally labeled CPXV are genetically heterogeneous and may 
comprise several distinct lineages rather than a single monophyletic group (Carroll et al., 2011; Mauldin et al., 2017). Whole-
genome studies confirmed this complexity: Carroll et al. (2011) questioned the notion of CPXV as a single species, Mauldin et 
al. (2017) highlighted problems with host-based naming, and Dabrowski et al. (2013) and Franke et al. (2017) showed that CPXV 
isolates cluster into multiple clades. Therefore, suspected CPXV isolates should not be classified by host species, lesion 
appearance, or historical terminology alone, but by whole-genome sequencing, comparative genomics, and phylogenomic 
analysis (Carroll et al., 2011; Dabrowski et al., 2013; Mauldin et al., 2017; Franke et al., 2017). 
 

3. Morphology, Genome Organization, and Molecular Biology of Cowpox Virus 
 

3.1. Virion morphology and ultrastructure 
 

Cowpox virus shares the typical poxvirus morphology: large, enveloped, brick-shaped to ovoid virions with linear double-
stranded DNA genomes. Poxvirus particles are approximately 220–450 nm long and possess a complex lipoprotein membrane 
with tubular or globular surface structures, features characteristic of Poxviridae rather than CPXV alone (McInnes et al., 2023). 
This structural complexity supports cytoplasmic replication and viral autonomy, including virus-encoded RNA polymerase 
activity, as shown in studies of vaccinia virus transcription (McInnes et al., 2023; Grimm et al., 2019; Walsh, 2017). Electron 
microscopy can detect poxvirus-like particles but cannot distinguish CPXV from other orthopoxviruses; species-level 
identification requires PCR, sequencing, or whole-genome phylogenetics. Nevertheless, virion size, membrane organization, 
and surface proteins remain important for attachment, entry, morphogenesis, and spread (McInnes et al., 2023; Hyun, 2022; 
Yu et al., 2025). 
 

3.2. Genome type, size, and organization 
 

CPXV, like other poxviruses, has a large linear double-stranded DNA genome with covalently closed terminal hairpins. 
Across Poxviridae, genome sizes range from approximately 128 to 375 kbp, while CPXV is among the larger orthopoxviruses. 
Fennoscandian CPXV genomes are approximately 220–222 kbp with 215–219 predicted open reading frames, reflecting 
extensive coding capacity and supporting its broad host range, biological diversity, and taxonomic complexity (McInnes et al., 
2023; Díaz-Cánova et al., 2022; Bruneau et al., 2023). The CPXV genome follows the typical orthopoxvirus pattern, with 
conserved central genes involved in replication, transcription, and virion formation, and more variable terminal regions 
encoding host-range, immunomodulatory, pathogenicity, and virus–host interaction proteins (Hendrickson et al., 2010; Gruber 
et al., 2018; Bruneau et al., 2023). 
 

3.3. Conserved and variable genomic regions 
 

The orthopoxvirus genome is organized into a conserved central region and more variable terminal regions. The central 
region encodes essential functions such as DNA replication, transcription, mRNA biosynthesis, virion assembly, and other core 
life-cycle steps. These genes are functionally constrained and mainly shaped by purifying selection, making them useful for 
deep evolutionary comparison (Esteban & Hutchinson, 2011; Molteni et al., 2023). In contrast, terminal regions vary in 
sequence and gene content and encode proteins involved in host range, virulence, immune evasion, and virus–host 
interactions. In CPXV, variation in terminal and accessory genes is especially important because phylogenomic studies show 
that CPXV-related viruses are highly heterogeneous and form multiple lineages; therefore, genome-wide comparisons are 
needed for lineage assignment and biological interpretation (Esteban & Hutchinson, 2011; Bruneau et al., 2023; Díaz-Cánova 
et al., 2022). 
 

3.4. Host-range, virulence, and immune evasion genes 
 

CPXV is notable for its broad host range, partly linked to its large repertoire of accessory and host-interaction genes. 
However, host range also depends on host restriction factors, cell type, immune environment, ecological exposure, and virus–
host interactions. Many poxvirus host-range factors act after entry by antagonizing antiviral restriction pathways, including 
SAMD9/SAMD9L, IFIT proteins, FAM111A, and ZAP (Bruneau et al., 2023; Oliveira et al., 2017; Xiang, 2025). CPXV virulence is 
closely linked to immune evasion through interference with antigen presentation, cytokine and chemokine signaling, NK-cell 
activation, apoptosis, and complement. Examples include CPXV14, which engages Fcγ receptors, and p28/N1R, which supports 
replication in human and murine macrophages. Variation in terminal host-interaction genes likely contributes to CPXV host 
range, zoonotic potential, virulence, and evolutionary diversity (Alzhanova & Früh, 2010; Esteban & Hutchinson, 2011; 
Bourquain et al., 2021; Iyer et al., 2022; Bruneau et al., 2023; Xiang, 2025). 
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3.5. Replication cycle and molecular biology of Cowpox virus 
 

CPXV follows the conserved orthopoxvirus replication strategy, with gene expression, DNA replication, and virion 
assembly occurring predominantly in the cytoplasm. After entry and core release, early transcription begins within the viral 
core via the virion-associated RNA polymerase and transcription factors. Gene expression then proceeds through early, 
intermediate, and late phases; late genes mainly encode structural proteins, morphogenesis factors, and enzymes packaged 
into progeny virions. Although many mechanistic details come from vaccinia and mpox studies, they are relevant to CPXV 
because core replication and transcription machinery is conserved (Moss, 2013; Broyles, 2003; Grimm et al., 2019; Yang et al., 
2010; Deng et al., 2025). Viral DNA replication occurs in cytoplasmic factories that concentrate viral genomes, replication 
proteins, transcriptional components, and selected host factors. Virion assembly proceeds from immature virions to mature 
infectious virions and extracellularly wrapped forms that enhance spread. Recent vaccinia work suggests viral factories may 
function as biomolecular condensates, with H5 contributing to factory formation, DNA replication, and progeny production 
(Condit et al., 2006; Roberts & Smith, 2008; Liu et al., 2014; Moss, 2015; Greseth & Traktman, 2022; Zhu et al., 2025). 
 

4. Host Range, Transmission Ecology, and Global Epidemiology of Cowpox Virus 
 

CPXV is a zoonotic Eurasian orthopoxvirus with a broad host range and an ecology based on maintenance in wildlife and 
spillover into incidental hosts. Modern evidence does not support a cattle-centered view; instead, CPXV is best interpreted 
within a multi-host reservoir–spillover system, where wild rodents are the most plausible reservoirs, while cattle, buffaloes, 
cats, pet rodents, zoo animals, captive mammals, and humans are usually spillover hosts. Field studies in Great Britain identified 
bank voles, wood mice, and short-tailed field voles as important reservoirs, and human cases are commonly linked to contact 
with infected animals or lesion material, including pet rodents. Thus, CPXV detection in cattle or buffalo indicates exposure 
within a broader ecological network, not primary reservoir status (Chantrey et al., 1999; Campe et al., 2009; Ninove et al., 2009; 
Bruneau et al., 2023; Silva et al., 2021). 
 

4.1. Natural reservoirs and incidental hosts 
 

Wild rodents are the most likely natural reservoirs of CPXV, while most other infected species are incidental or spillover 
hosts. Bank voles, wood mice, and short-tailed field voles have been identified as important reservoirs in Great Britain, although 
these data should not be generalized outside Europe without local evidence. Despite the name “cowpox,” cattle are not 
considered the principal natural host. CPXV infections are more commonly recognized in domestic cats, pet rodents, zoo 
animals, captive exotic mammals, and humans. Therefore, detection in domestic or captive animals indicates spillover and 
exposure risk rather than long-term reservoir competence (Chantrey et al., 1999; Hazel et al., 2000; Silva et al., 2021; Bruneau 
et al., 2023; Costa et al., 2023). 
 

4.2. Routes of transmission and the rodent–livestock–human interface 
 

CPXV transmission occurs mainly through direct contact with infected animals, lesion material, or contaminated animal-
associated materials, or through entry via damaged skin and mucocutaneous surfaces. Epidemiologically, CPXV is best 
understood within a reservoir–spillover framework: wild rodents are plausible reservoirs, whereas cats, pet rodents, zoo 
animals, livestock, and humans are usually incidental hosts. Human infections are often linked to infected cats or pet rodents, 
especially rats. Thus, transmission should be viewed as a broad rodent–domestic/captive animal–human interface rather than 
a simple rodent–livestock–human chain. In cattle and buffalo, suspected infection should be interpreted as possible spillover 
rather than proof of bovine reservoir status (Bruneau et al., 2023; Silva et al., 2021; Campe et al., 2009; Ninove et al., 2009; 
Möstl et al., 2013). 
 

4.3. Geographic distribution and epidemiological patterns 
 

Current evidence places CPXV mainly in Europe and parts of Eurasia, where most clinical and genomic reports involve 
domestic animals, companion animals, zoo animals, captive wildlife, and humans. Although CPXV taxonomy remains complex, 
its best-supported distribution is Eurasian rather than globally endemic. Epidemiologically, CPXV usually appears as sporadic 
cases, small clusters, or localized outbreaks, consistent with reservoir–spillover transmission rather than sustained 
transmission in cattle or humans (Bruneau et al., 2023; Silva et al., 2021; Kaysser et al., 2010; Costa et al., 2023). 
 

4.4. Reported animal and human outbreaks 
 

CPXV can cause clinically significant infections and localized outbreaks in diverse animal hosts, especially captive and 
zoological species. Recurrent cheetah outbreaks in Denmark, including fatal cases, suggested repeated introductions from wild 
rodent reservoirs. Genome-wide studies also documented CPXV in humans and several animal species, including rats, cats, 
jaguarundis, beavers, elephants, maras, and mongooses, confirming broad host range and phylogenetic diversity (Dabrowski 
et al., 2013; Stagegaard et al., 2017). Human cases are usually zoonotic rather than sustained human-to-human events. Pet-
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rat-associated outbreaks, rat-to-elephant-to-human transmission, and severe fetal infection after maternal CPXV infection 
emphasize the zoonotic relevance of CPXV and support a reservoir–spillover interpretation (Kurth et al., 2008; Vogel et al., 
2012; Ferrier-Rembert et al., 2021; Stagegaard et al., 2017). 
 

4.5. Ecological determinants and gaps in global surveillance 
 

CPXV occurrence is shaped by ecological contact between wildlife reservoirs and susceptible incidental hosts. Field 
studies in Great Britain show that CPXV circulates in wild rodents, especially bank voles and wood mice, and that transmission 
varies with host species, contact structure, and local conditions (Hazel et al., 2000; Carslake et al., 2006). At the wildlife–
domestic animal interface, recognized infections often reflect exposure opportunities: cats, pet rodents, zoo animals, and 
captive species may acquire infection from infected rodents or contaminated environments and can reveal local viral diversity 
(Kaysser et al., 2010; Stagegaard et al., 2017; Ninove et al., 2009). However, global surveillance remains incomplete and biased 
toward clinically apparent cases, while systematic wildlife surveillance is limited. Broader molecular surveillance integrating 
field ecology, pathology, PCR, sequencing, and phylogenomics is needed to clarify CPXV distribution, host range, lineage 
diversity, and spillover pathways (Tseng et al., 2025). 
 

5. Clinical Disease, Pathogenesis, and Immune Response in Cattle and Buffalo 
 

Interpretation of cowpox-associated disease in bovids requires diagnostic caution. In cattle, confirmed classical CPXV 
infection is uncommon, and contemporary descriptions of bovine CPXV disease remain limited compared with broader 
orthopoxvirus literature. Therefore, pox-like lesions in cattle should not be attributed to CPXV without laboratory confirmation 
(Bruneau et al., 2023; MacNeill et al., 2025). In water buffalo, the literature more commonly concerns buffalopox virus, a 
vaccinia-related orthopoxvirus, rather than confirmed classical CPXV. Buffalopox is a zoonotic disease primarily reported in 
Asian buffaloes, with occasional cases in cattle and humans (Martínez-Burnes et al., 2024; Pattanaik et al., 2024; Eltom et al., 
2020). Thus, confirmed CPXV disease in cattle should be distinguished from CPXV-like or orthopoxvirus-like disease in buffalo, 
where buffalopox and vaccinia-like agents dominate; definitive attribution requires PCR, sequencing, or whole-genome analysis 
(MacNeill et al., 2025; Martínez-Burnes et al., 2024; Eltom et al., 2020). 
 

5.1. Clinical manifestations in cattle 
 

In cattle, orthopoxvirus-associated disease is most commonly reported in lactating animals, primarily affecting the teats 
and udder. Because confirmed classical CPXV in cattle is uncommon, many clinical descriptions are based on bovine vaccinia 
and vaccinia-like infections, which produce cowpox-like mammary lesions and require molecular confirmation. Lesions may be 
exanthematous, painful, ulcerative, necrotic, or crusting, often progressing from maculopapular rash to papules, vesicles, 
pustules, and scabs (Matos et al., 2018; MacNeill, 2022). Mammary lesions may interfere with milking, impair milk removal, 
predispose to secondary mastitis, and reduce milk production, creating welfare and economic concerns (Matos et al., 2018; 
MacNeill, 2022). Calves may develop oral or muzzle lesions after suckling infected teats. Because similar mammary lesions may 
result from CPXV, vaccinia-like orthopoxviruses, pseudocowpox virus, or bovine herpes mammillitis virus, diagnosis should rely 
on laboratory confirmation (Matos et al., 2018; MacNeill, 2022; MacNeill et al., 2025). 
 

5.2. Clinical manifestations in buffalo 
 

In water buffalo, direct evidence of classical CPXV disease is scarce, whereas the orthopoxvirus literature primarily 
concerns buffalopox virus. This distinction is important because pox-like disease in buffaloes cannot be confidently attributed 
to classical CPXV without laboratory confirmation. Nevertheless, buffalopox literature is useful for understanding 
orthopoxvirus-like disease and differential diagnosis in buffaloes (Eltom et al., 2020; Martínez-Burnes et al., 2024; Pattanaik et 
al., 2024). Reported buffalopox lesions commonly involve the muzzle, udder, teats or nipples, inner thighs, scrotum, ears, and 
periocular regions. Mild cases may show focal pustular lesions with central necrosis, while severe cases may become diffuse or 
systemic. Mortality is usually low, but morbidity and production losses can be substantial because udder and teat involvement 
may reduce milk yield by approximately 40–70% and predispose to mastitis (Eltom et al., 2020; Martínez-Burnes et al., 2024; 
Pattanaik et al., 2024). 
 

5.3. Lesion development, pathogenesis, and tissue tropism 
 

Orthopoxvirus-associated disease in cattle and buffalo is mainly epitheliotropic, affecting cutaneous and 
mucocutaneous sites. In cattle, lesions often involve the teats and udder and may progress through papules, vesicles, pustules, 
ulceration, crusting, and scab formation. In milking animals, teat trauma may rupture lesions and produce painful ulcerative or 
crusted mammary lesions, reflecting epidermal viral replication, epithelial injury, and inflammation rather than primary deep-
tissue disease (MacNeill, 2022; MacNeill et al., 2025; Matos et al., 2018). Lesion distribution depends on exposure route and 
host factors: teat lesions suggest microtrauma during milking, while oral lesions in calves may follow suckling infected teats. In 
buffaloes, buffalopox lesions may affect the muzzle, udder, teats, inner thighs, scrotum, ears, and periocular regions. Overall, 
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tissue tropism centers on stratified squamous epithelium and is modified by host species, site, trauma, secondary infection, 
and husbandry conditions (Eltom et al., 2020; Martínez-Burnes et al., 2024; MacNeill et al., 2025). 
 

5.4. Histopathological changes and host immune response 
 

Histologically, bovine and buffalo pox-like lesions show typical poxvirus dermatitis, including epithelial hyperplasia, 
ballooning degeneration, hyperkeratosis, crusting, epithelial necrosis, intracytoplasmic inclusion bodies, and inflammatory 
infiltration. These changes support poxvirus infection but cannot identify the viral species; PCR, sequencing, or whole-genome 
analysis is required to distinguish CPXV from vaccinia-like orthopoxviruses, buffalopox virus, parapoxviruses, and other agents 
(MacNeill, 2022; MacNeill et al., 2025). Direct immune-response data for confirmed CPXV infection in cattle and buffalo are 
limited; interpretation should therefore be drawn cautiously from broader orthopoxvirus immunology. Host defense involves 
innate recognition, inflammatory and interferon pathways, and adaptive immunity. At the same time, CPXV encodes 
immunomodulatory proteins that interfere with antigen presentation, cytokine/chemokine signaling, NK-cell activity, 
apoptosis, complement, DNA sensing, NF-κB, interferon responses, and restriction factors. Disease outcome reflects a balance 
between host antiviral defense and viral immune evasion (Alzhanova & Früh, 2010; Hernáez & Alcamí, 2024; Xiang, 2025). 
 

6. Differential Diagnosis of Pox-Like Lesions in Cattle and Buffalo 
 

Differential diagnosis of pox-like lesions in cattle and buffalo is challenging because infectious and non-infectious 
conditions may produce overlapping papular, pustular, ulcerative, crusting, vesicular, proliferative, or nodular lesions. Lesion 
distribution, age, herd history, systemic signs, lactation status, and zoonotic context may guide suspicion, but gross appearance 
is insufficient for definitive diagnosis. Suspected CPXV cases, therefore, require PCR, sequencing, or whole-genome analysis to 
distinguish orthopoxviruses from parapoxviruses, lumpy skin disease virus, bovine herpes mammillitis, and non-infectious teat 
disorders (MacNeill et al., 2025; Graf et al., 2024; Makoga et al., 2024). 
 

6.1. Buffalopox virus and vaccinia-like viruses 
 

Buffalopox virus and other vaccinia-like orthopoxviruses are important differential diagnoses of cowpox-like disease, 
especially in buffalo-rearing regions. Buffalopox is a transmissible zoonotic disease primarily affecting Asian water buffaloes, 
with occasional infections in cattle and humans. Lesions may involve the udder, teats, muzzle, periocular region, ears, thighs, 
scrotum, and genital or perineal skin, often with painful mammary lesions, reduced milk yield, and secondary mastitis. 
Differentiating CPXV from BPXV or vaccinia-like viruses is essential for diagnosis, outbreak attribution, epidemiological 
interpretation, and zoonotic-risk assessment (Eltom et al., 2020; Martínez-Burnes et al., 2024; Pattanaik et al., 2024). 
 

6.2. Pseudocowpox virus and bovine papular stomatitis virus 
 

Pseudocowpox virus and bovine papular stomatitis virus are major parapoxvirus differentials because their lesions may 
resemble orthopoxvirus infection. PCPV usually affects dairy-cattle teats, producing papular, pustular, and scab-forming 
lesions. At the same time, BPSV more often causes papular, erosive, or ulcerative lesions of the lips, muzzle, nostrils, tongue, 
and oral cavity, especially in calves. However, lesion distribution is not definitive, and coinfection or sequential detection may 
occur. PCR, sequencing, or genome-scale analysis is therefore needed for reliable species-level differentiation (Graf et al., 2024; 
Sindryakova et al., 2024; Shimizu et al., 2020; Aytoğlu et al., 2025). 
 

6.3. Lumpy skin disease virus and bovine herpes mammillitis 
 

Lumpy skin disease virus should be considered when lesions are nodular, generalized, or associated with fever, 
lymphadenopathy, ocular or nasal discharge, reduced appetite, and decreased milk production. Although systemic signs and 
widespread nodules may help distinguish LSD from localized mammary pox-like lesions, atypical cases require molecular 
confirmation. Bovine herpes mammillitis, caused by bovine alphaherpesvirus 2, is another important differential in lactating 
cows, producing erosive-ulcerative, self-limiting teat and udder lesions that may resemble crusted pox lesions. Therefore, 
molecular confirmation is essential before assigning cattle or buffalo lesions to a specific poxvirus etiology (Haider et al., 2024; 
Makoga et al., 2024; Lanave et al., 2020). 
 

6.4. Non-infectious conditions resembling pox-like lesions 
 

Not all pox-like lesions are viral. Non-infectious teat and skin disorders may produce ulcerative, crusting, fissured, 
hyperkeratotic, necrotic, or open lesions resembling poxvirus infection. Teat open lesions in dairy herds may be linked to dry 
teat skin, environmental exposure, mechanical irritation, chemical injury, thermal stress, or milking-related factors. They may 
interfere with milking behavior (Virkler & Wieland, 2023). Because crusting or ulcerative teat lesions are not pathognomonic 
for poxvirus infection, differential diagnosis should include herd history, lesion chronology, clinical assessment, and virological 
testing. Altered teat skin condition has also been associated with an increased risk of clinical mastitis, underscoring the herd-
health importance of non-infectious teat damage (Wieland et al., 2024; Virkler & Wieland, 2023; MacNeill et al., 2025). 
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7. Laboratory Diagnosis, Genomic Confirmation, and Molecular Epidemiology 
 

Laboratory diagnosis is indispensable in suspected CPXV infection because pox-like lesions in cattle and buffalo are not 
etiologically specific. Lesions suspected to represent one poxvirus may be caused by another poxvirus or a different agent with 
overlapping morphology. This is particularly important because viruses historically grouped as CPXV are genetically 
heterogeneous and should not be treated as a uniform lineage. Contemporary investigation should therefore move from 
clinical suspicion to molecular confirmation and, when relevant, genome-scale characterization (Mauldin et al., 2017; Diaz-
Cánova et al., 2022). 
 

7.1. Clinical and field diagnosis 
 

Clinical and field diagnoses should be considered presumptive. Lesion morphology, distribution, stage, systemic signs, 
herd history, host species, and exposure history can help identify suspected cases, but cannot reliably determine the causative 
virus at the species level. This limitation is important because orthopoxvirus infections, parapoxvirus infections, lumpy skin 
disease, bovine herpes mammillitis, and non-infectious teat disorders may overlap clinically (Gelaye et al., 2017; Lanave et al., 
2020). Molecular studies confirm the need for laboratory testing: multiplex PCR and high-resolution melting assays can 
differentiate CPXV, LSDV, pseudocowpox virus, and BPSV, while field investigations show that LSD-suspected outbreaks may 
include BPSV. Field diagnosis should therefore focus on early recognition, lesion documentation, representative sampling, 
epidemiological recording, and biosecurity before molecular confirmation (Gelaye et al., 2017; Makoga et al., 2024). 
 

7.2. Sample collection, pre-analytical handling, and biosafety considerations 
 

For suspected orthopoxvirus infection, lesion-derived material is the most valuable specimen because viral DNA is 
usually abundant in active lesions, crusts, scabs, lesion roofs, or lesion swabs. CPXV investigations have confirmed the value of 
skin-lesion material through virus isolation and electron-microscopic detection of brick-shaped particles. Although recent 
specimen-performance evidence largely comes from mpox studies, higher viral loads in skin lesions than respiratory samples 
support lesion-based PCR diagnosis in orthopoxvirus cutaneous disease. Samples should be collected from representative 
lesions, preserved under cold-chain conditions when possible, and processed in laboratories prepared for suspected 
orthopoxvirus material. Virus isolation should be restricted to reference or research laboratories because it involves infectious 
viruses and is primarily used for viable virus recovery, phenotypic characterization, and subsequent antigenic or genomic work 
(Cardeti et al., 2011; Andreani et al., 2019; Lim et al., 2023). 
 

7.3. Electron microscopy, virus isolation, serology, and PCR-based methods 
 

Electron microscopy can rapidly demonstrate poxvirus-like particles but cannot definitively identify CPXV. Confirmation 
requires virus isolation, PCR, sequencing, serology, or whole-genome analysis. Serology may support exposure assessment, but 
strong cross-reactivity among orthopoxviruses limits species-level specificity. PCR remains central, beginning with broad 
poxvirus or orthopoxvirus screening followed by genus-, species-, or lineage-specific assays when needed. In veterinary 
diagnosis, multiplex PCR and high-resolution melting assays are valuable for differentiating CPXV from LSDV, pseudocowpox 
virus, BPSV, and other poxviruses. CPXV-specific real-time PCR further improves discrimination from closely related 
orthopoxviruses (Cardeti et al., 2011; Andreani et al., 2019; Grossegesse et al., 2023; Uhteg & Mostafa, 2023; Gelaye et al., 
2017; Gavrilova et al., 2010; Maksyutov et al., 2015). 
 

7.4. Whole-genome sequencing, comparative genomics, and phylogenetic analysis 
 

Whole-genome sequencing is essential in modern CPXV research because CPXV represents a genetically diverse and 
taxonomically complex group rather than a uniform entity. Complete-genome studies show that CPXV-related viruses have 
large genomes of approximately 220–222 kbp with more than 200 predicted open reading frames and segregate into multiple 
phylogenetic clusters. Compared with single-gene typing, comparative genomics more effectively assesses nucleotide 
variation, indels, gene-content differences, recombination signals, and phylogenetic placement, especially in variable terminal 
regions. It also improves differentiation between clinically similar but taxonomically distinct poxviruses, including bovine 
parapoxviruses (Mauldin et al., 2017; Antwerpen et al., 2019; Diaz-Cánova et al., 2022; Graf et al., 2024). 
 

7.5. Molecular epidemiology and genomic tracing 
 

Molecular epidemiology combines viral genomic data with host, geographic, temporal, and exposure information to 
clarify transmission and outbreak relatedness. For CPXV, this is critical because clinically similar cases may belong to distinct 
lineages, while short markers may miss true outbreak structure. Whole-genome sequencing outperforms hemagglutinin-gene 
analysis for CPXV traceback by identifying clonal clusters and refining the interpretation of transmission. Genomic tracing also 
helps distinguish single from multiple introductions, detect divergent lineages, place isolates within CPXV evolutionary 
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diversity, and assess diagnostic-target suitability. Thus, WGS moves CPXV investigation from detection to high-resolution 
epidemiological and evolutionary interpretation (Antwerpen et al., 2019; Diaz-Cánova et al., 2022). 
 

8. Poxvirus Infections in the Middle East and Iraq 
 

8.1. Overview of animal poxviruses in the Middle East 
 

Animal poxviruses remain important veterinary and zoonotic pathogens in the Middle East because they affect livestock, 
wildlife interfaces, and occasionally humans. The regional poxvirus landscape includes capripoxviruses such as LSDV and 
sheep/goat pox viruses, orthopoxviruses such as camelpox virus and cowpox-related or vaccinia-like viruses, and 
parapoxviruses affecting ruminants. This diversity creates diagnostic complexity because lesions caused by different viral 
genera may overlap clinically. Therefore, suspected cowpox-like disease in cattle and buffalo should be interpreted within a 
broad differential-diagnosis framework and confirmed by laboratory methods (Al-Eitan et al., 2024; Gelaye et al., 2017). 
 

8.2. Livestock-associated poxvirus infections in the region 
 

In the Middle East, livestock-associated poxvirus infections are strongly shaped by capripoxvirus diseases, especially 
lumpy skin disease in cattle. Regional analyses show that LSD outbreaks were influenced by environmental conditions, livestock 
density, and production systems, supporting its inclusion as a key differential diagnosis of bovine pox-like disease. The regional 
picture also includes camelpox in camel-rearing areas and buffalopox or vaccinia-like orthopoxviruses in buffalo-associated 
systems. Because buffalopox is zoonotic and primarily affects Asian water buffaloes, with occasional cattle and human 
involvement, pox-like lesions in buffaloes or cattle should not be attributed to classical CPXV without virological confirmation 
(Alkhamis & VanderWaal, 2016; Eltom et al., 2020; Martínez-Burnes et al., 2024). 
 

8.3. Importance of cattle and buffalo production in Iraq 
 

Cattle and buffalo production contribute to Iraqi livestock systems, food supply, and rural livelihoods. In contrast, 
buffalo husbandry has particular ecological and cultural importance in the southern marshlands of Basra, Maysan, and Dhi Qar. 
Water buffalo production is closely linked to marshland livelihoods and dairy production, and restoration-related work 
emphasized the need for improved fodder and veterinary services. Epidemiologically, close-contact management, teat and skin 
lesions, milking practices, animal movement, and limited diagnostic access may influence recognition and spread of pox-like 
diseases. However, cattle and buffalo should be viewed as important host populations for investigation rather than proven 
CPXV reservoirs; etiological attribution requires molecular confirmation (Ayied & Reiss, 2019). 
 

8.4. Diagnostic limitations and knowledge gaps in Iraq 
 

Available Iraqi studies indicate that field diagnosis alone is insufficient for reliable classification of pox-like lesions in 
cattle and buffalo. Published work has used PCR, sequencing, histopathology, and phylogenetic analysis to differentiate LSDV, 
pseudocowpox virus, and BPSV, reflecting clinical overlap and the inability of lesion morphology to determine genus- or species-
level identity. Iraqi peer-reviewed literature has focused mainly on LSDV and parapoxviruses, while published genomic 
evidence for classical CPXV in Iraq remains limited. This limitation in published evidence should not be interpreted as evidence 
of epidemiological absence but rather as a knowledge gap that justifies whole-genome characterization of suspected cowpox-
like cases in Iraqi cattle and buffalo (Gharban et al., 2019; Karim et al., 2019; Khudhair et al., 2024; Mauldin et al., 2017; Diaz-
Cánova et al., 2022). 
 

9. Economic, Public Health, Prevention, and Control Aspects 
 

Pox-like orthopoxvirus infections in cattle and buffalo have veterinary, economic, and public-health importance because 
they affect milk production, animal welfare, farm management, occupational exposure, and surveillance. Udder and teat 
lesions may interfere with milking, cause pain, reduce productivity, predispose to mastitis, and facilitate transmission through 
handling or milking equipment. Milkers, animal handlers, veterinarians, and laboratory workers may also be exposed to lesions, 
crusts, or contaminated materials. Therefore, bovine and buffalo orthopoxvirus-like diseases should be addressed within a 
veterinary and One Health framework rather than viewed only as localized skin conditions (MacNeill et al., 2025; De Pascali et 
al., 2024). 
 

9.1. Effects on milk production and animal welfare 
 

In dairy cattle and buffalo, pox-like mammary lesions involving teats and udder can impair milking, suckling, productivity, 
and welfare. In cattle, bovine vaccinia and vaccinia-like orthopoxvirus infections may cause painful teat and udder lesions, 
sometimes complicated by mastitis, secondary infection, and reduced milk yield. In buffalo, most evidence relates to buffalopox 
rather than classical CPXV, but udder and teat involvement similarly causes pain, milking difficulty, mastitis, and production 
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loss. Thus, impact should be evaluated not only by mortality but also by pain, teat damage, secondary complications, and 
impaired udder function (Matos et al., 2018; Eltom et al., 2020; Martínez-Burnes et al., 2024). 
 

9.2. Economic losses at herd level 
 

At the herd level, economic losses from pox-like orthopoxvirus disease arise mainly from reduced milk production, 
disrupted milking, increased labor, veterinary care, supportive treatment, and secondary mastitis, rather than from mortality 
alone. Additional losses may include discarded milk, reduced milk quality, prolonged recovery, animal separation, enhanced 
disinfection, altered milking order, and biosecurity costs. In zoonotic outbreaks, infection or exposure among milkers and 
handlers may reduce workforce availability and necessitate occupational health measures. Thus, the economic impact includes 
production losses, welfare costs, labor disruption, biosecurity expenditures, and public health consequences (Matos et al., 
2018; Eltom et al., 2020; De Pascali et al., 2024; Pattanaik et al., 2024). 
 

9.3. Occupational exposure and zoonotic implications 
 

Orthopoxvirus-like diseases in cattle and buffalo have important zoonotic implications, especially buffalopox and bovine 
vaccinia/vaccinia-like infections. Human infection is commonly linked to direct contact with affected animals during milking, 
lesion handling, or close care, making milkers, handlers, veterinarians, and laboratory personnel key risk groups. The post-
smallpox-vaccination era increases concern because reduced cross-protective immunity may heighten susceptibility to 
zoonotic orthopoxviruses. Suspected orthopoxvirus-like disease should therefore be managed through a One Health approach, 
including animal diagnosis, worker protection, exposure assessment, safe sample handling, and risk communication (Eltom et 
al., 2020; Pattanaik et al., 2024; Gieryńska et al., 2023; De Pascali et al., 2024). 
 

9.4. Farm-level prevention, control, and biosecurity 
 

Farm-level control should begin with early recognition, temporary separation of affected animals, strict milking hygiene, 
and reduced contact with lesions, crusts, or contaminated materials. In close-contact dairy systems, transmission may occur 
through infected teats, contaminated hands, cloths, equipment, or animal contact; therefore, milking management is central. 
Practical measures include milking affected animals after healthy ones, using gloves, avoiding reuse of contaminated towels or 
instruments, disinfecting hands and equipment, minimizing manipulation of ulcerated teats, and improving environmental 
hygiene. Where wildlife or rodent exposure is possible, reducing contact should also be included to interrupt transmission at 
the animal–handler–environment interface (Eltom et al., 2020; Pattanaik et al., 2024; Bruneau et al., 2023; Al-Eitan et al., 2024). 
 

9.5. Challenges in prevention, treatment, and surveillance 
 

Prevention and control of pox-like orthopoxvirus disease in cattle and buffalo remain challenging because clinical lesions 
are not etiologically specific, and delayed or inaccurate diagnosis may limit intervention. For buffalopox, no widely established 
commercial vaccine is available for routine control, so prevention depends mainly on early detection, biosecurity, 
management, and outbreak response. Control is further complicated by zoonotic transmission involving animal hosts, human 
exposure, environmental interfaces, and variable diagnostic capacity. Surveillance is also limited by underrecognition, 
misclassification, restricted geographic data, and insufficient genomic characterization. In the Middle East, strengthening 
biosafety, biosecurity, molecular diagnosis, occupational-health reporting, and veterinary surveillance is essential for improving 
poxvirus detection and control in cattle and buffalo (Pattanaik et al., 2024; Al-Eitan et al., 2024; De Pascali et al., 2024; MacNeill 
et al., 2025). 
 

10. Conclusions 
 

Cowpox virus (CPXV) is a zoonotic orthopoxvirus with a broad host range, and wild rodents are considered its primary 
natural reservoir, while cattle, buffaloes, and humans are incidental hosts. Because CPXV is genetically diverse and not a single 
monophyletic virus, molecular methods such as PCR, sequencing, and ideally whole-genome sequencing are essential for 
accurate identification and classification. Pox-like lesions in cattle and buffalo may result from several infectious agents, making 
clinical and histopathological findings alone insufficient for definitive diagnosis. These diseases can adversely affect animal 
welfare, milk production, and farm productivity, leading to significant economic losses. They also pose occupational risks to 
individuals in close contact with infected animals, highlighting the importance of a One Health approach integrating veterinary, 
public health, and biosecurity measures. In Iraq, published genomic evidence for classical CPXV remains limited and should be 
interpreted as a knowledge gap rather than evidence of epidemiological absence. Molecular and genomic investigation of 
suspected cowpox-like cases is therefore required to distinguish CPXV from other poxviruses circulating in livestock. An 
integrated diagnostic strategy combining field investigation with laboratory confirmation and phylogenetic analysis will 
improve disease surveillance and outbreak investigations. Overall, molecular characterization of cowpox-like disease in Iraqi 
cattle and buffalo will strengthen diagnosis, enhance epidemiological understanding, and contribute to regional One Health 
surveillance of emerging poxvirus infections. 
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