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ABSTRACT

The orthopox virus is the zoonosis that causes cowpox. Edward Jenner describes it for the first time in relation to the
variola virus vaccination. Despite their name, cows are not the primary source of infection; cats are more likely to get
the virus by eating mice and rats that are sick. The primary hosts of the cowpox virus are house mice, short-tailed field
voles, wood mice and bank voles. The incubation duration is seven to twelve days, occasionally three weeks. While the
smaller peak happens in the winter (February—March), the larger peak happens in the late summer/autumn (August—
October). The virus causes mucous membrane or skin infections, which lead to the development of a localized pustular
skin illness. Elisa testing, real-time PCR, and several other diagnostic techniques can identify it. While there isn't a
specific antiviral medication licensed to treat cowpox infections, cidofovir can be used in more complex instances. It
may be important to have plastic surgery to prevent significant cosmetic repercussions. This review paper examines
cowpox, focusing on its epidemiology and treatment.
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INTRODUCTION

Cowpox virus (CPXV) belongs to the family Poxviridae and genus Orthopoxvirus (OPV). It has close kinship with other
human-pathogenic OPV species, including vaccinia virus, variola virus, and monkeypox virus. A growing incidence of
human illnesses contracted by contact with cats or other zoo animals has been reported. CPXV infection is a zoonosis
similar to vaccinia and monkeypox virus [1-4].Europe has a close variation of VACV called CPXV. When Edward
Jenner characterized the effectiveness of CPXV scarification in generating protective immunity against variola virus
challenge, he was referring to CPXV as the source of the first vaccine. Jenner's explanation of vaccination was the first
scientific one [5-6].Smallpox's causal agent, variola virus (VARYV), is one of the viruses identified from animals that is
included in the cowpox virus (CPXV) [7].In most cases, human cowpox is an uncommon zoonotic illness that resolves
on its own. However, it can worsen and even kill people who are immunocompromised, have atopic dermatitis or Darier's
disease, are undergoing steroid therapy, or have eczema, especially in youngsters [8-11]. While human cowpox is a
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zoonosis, cows are not frequently afflicted, despite the name. The domestic cat is the most often identified cause of
human infection, and the virus is most likely sustained in populations of wild rodents [12].The virus is implanted into
damaged skin to cause cowpox[1].The biggest genome (224228 kbp) is found in CPXV [13-14].

HISTORY AND EPIDEMIOLOGY

The evolutionary history of CPXV remains unknown, however some researchers believe that the disease was first
documented in medicine in 1798/99 with Edward Jenner's publications "Inquiry" and "Further observations on the
VariolaeVaccinae," in which he proved that scarification of the cowpox virus (also known as "true cowpox" or
"variolaevaccinae") could prevent variola virus (VARV) infections [15]. The virus known as cowpox virus (CPXV) is
named for the pustular lesions that it causes on milking cows' teats. Before the early 1970s, it was thought that cowpox
exclusively affected cattle by enzootic transmission.Contrary to its name, it has been suggested by DERRICK BAXBY
that cowpox does not naturally occur in cows due to enzootic in cattle[16].There has never been any evidence of CPXV
spreading from person to person.Direct contact with infected cats can result in the transmission of CPXV to humans
[17].Cats are probably infected by feeding on mice and rats carrying the virus [16-17].1t is believed that CPXV is mostly
found in wild rats [18-19]. A rising number of cases of CPXYV infections have been reported in both domestic (cats, dogs,
and horses) and zoo (e.g., elephants, rhinoceroses, okapis, lions, cheetahs, anteaters, and monkeys) animals [20-
25].Humans can get zoonotic viruses by coming into close contact with infected animals, although cases are rare [24].
Humans and domestic and zoo animals may have unintentionally become hosts of CPXV due to infections that spread
from reservoir hosts [26].Russia and England are the original countries to report cases of CPXV infections[27].In 1985,
news from the Netherlands revealed the first documented case of CPXV being spread by a cat to a man [28]. The cowpox
virus is currently present in portions of northern and central Asia, Europe, Turkmenistan, Israel, and maybe Egypt [29-
30]. Western Eurasia IS home to the endemic cowpox virus [24, 31].Studies on the epidemiology of CPXV infection in
cats and zoo animals show that there are seasonal peaks all year long. The largest peak occurs in late summer/autumn
(August—October) while the lesser one occurs in winter (February—March). The majority of cats are believed to get the
disease from hunting wild rodents, whereas elephants and other herbivores are believed to contract the disease by
consuming grass, hay, or straw tainted with rodent faeces or urine carrying CPXV [32-38].

THE CASES

A 19-year-old female veterinary student, who had previously been healthy and constantly socialized with numerous
animal varieties, developed a little red plaque on her left cheek. The lesion developed over the course of the next three
weeks into a 4 cm ulcerated nodule with a satellite papule, a brownish eschar on top, and considerable skin atrophy
surrounding it [39].This 24-year-old male presented with lethargy, three hemorrhagic partly ulcerated nodules in his
right groyne, and surrounding oedema and inflammation that had developed over the course of a week. On his left knee,
left ankle, and right shoulder, he exhibited the same isolated skin lesions. Upon examination, he showed painful
widespread lymphadenopathy and a fever (38.5°C)[40]. His cat went away after developing ulcerating nodules in the
32-year-old renal transplant patient. He had many scratches from his cat, which resulted in the development of flu-like
symptoms and a quickly progressing skin sore on his right hand. A skin sample and real-time PCR were used to confirm
the diagnosis of cowpox (CPXV) infection [GPXV infection in an immune compromised patient] [41]. A 43-year-old
man arrived with a fluctuant, nontender, single, hemorrhagic bulla measuring 25 9 20 mm. Additionally, there was central
necrosis on the left volar wrist, left arm edoema that appeared on days 2, 4, and 8, lymphangitis, and a 38 5 °C fever.
His cat had gotten ill recently and had acquired a number of degraded and erythematous annular lesions, measuring 3-5
mm [42].a female of eighteen. While visiting a friend who owned numerous domestic rats, she was scratched on her
right arm by one of the pet rats (Rattus norvegicus). At the end of December 2008, one rat had been bought from a pet
store. Four days after purchasing, the rat had epistaxis, junctivalhaemorrhages, and sneezing fits. The patient sought care
at Compiégne Hospital's emergency room on January 4, 2009 [43].54 instances of human cowpox that had been reported
from all across Europe during the preceding fifteen years were evaluated by Baxby et al. in 1994[1].
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VIROLOGY

CPXYV, also known as the genus orthopoxvirus in the family Poxviridae, is a DNA virus related to the smallpox and
monkeypox viruses and somewhat similar to the vaccinia virus genetically and antigenically, albeit not exactly the
same[44, 45].The orthopoxvirus genus includes the viruses that cause cowpox and monkeypox, which have a rodent
reservoir, as well as the viruses that cause smallpox and vaccinia virus, which are only infections that affect humans.
Unlike the ovoid parapoxvirus genus, these are huge, brick-shaped viruses with a DNA genome in a dumbbell-shaped
core that replicates in the cytoplasm. these are comparable to the yatapoxvirusgenus and the molluscipox viruscontained
around 215 and 219 open coding structures, their genomes, which varied in size from 220 to 222 kbp. In accordance to
the results of the phylogenetic study of 87 orthopoxvirus varieties, which comprised the Fennoscandian CPXV isolates
tested, the CPXV types can be further separated into 18 sub-species based on inherited and patristic distances. These
strains can be divided into at least 5 distinct major clusters, which include, two, CPXV-like 1, VARV-like, VACV-
like,CPXV-like 2,and ECTV-Abatino-like. Using concatenation 62 non-recombinant invariant genes of 55 CPXV, a
Bayesian time-scaled history of evolution of CPXV has been established. A forecast of 1.65 parts per million x 10—5
substitution/site/year for the CPXV evolution rate was determined[46-48].Large eosinophilic A-type inclusion (ATI)
bodies in the cytoplasm and the development of 2-4 mm flattened, fairly rounded pocks with a red central hemorrhagic
area on the chorioallantoic membrane of embryonated eggs at 72 hours after infection are the two characteristics that set
CPXYV apart from other OPV species.The genomes of numerous pox viruses, notably the three different CPXV strains
Germany-91 (Ger91), GRI-90 (GRI), and Brighton Red (BR), have been sequenced [49].Although CPXV has been
identified as a single species, it has been suggested that CPXV really belongs to a polyphyletic group [50-54]. CPXV
has been classified into a minimum of five clades by phylogenetic analyses. VACV-like, VARV-like, ECTV-Abatino-
like, CPXV-like 1, and CPXV-like 2 [55].

TRANSMISSION OF THE COWPOX VIRUS AND PATHOGENESIS

Since CPXYV is enzootic in cattle, it is an uncommon occupational infection. Wild rodents are the virus's natural reservoir,
with bank voles having the greatest seroprevalence ever documented.
(Clethrionomysglareolus). Animal hosts in Europe and Great Britain include Norway lemmings (Lemmuslemmus), bank
voles (C. glareolus), wood mice (Apodemussylvaticus), short-tailed field voles (Microtus agrestis) and house mice (Mus
musculus)[56-59].

HOST IMMUNE CHANGES BYCOWPOX VIRUS

Modulation of the host immune response by cowpox virus: The virus enters the body through skin or mucous membrane
infections, resulting in the development of a localized pustular skin infection, frequently on the hands. The location of
the lesions elsewhere, such as on the face, neck, or feet, may be determined by scratches or abrasions on the skin brought
on by an infected rural cat or animal.The lymph nodules that drain enlarge, and there may occasionally be subsequent
lesions. Poisons typically recover in 3-5 weeks, however bacterial superinfections can cause illnesses to last up to 8
weeks[60].Certain incidences of necrotic conjunctivitis have been documented [1].The incubation period lasts between
seven and twelve days, with rare increases to three weeks [61, 62].With an average genome size of about 220 kbp, which
is roughly 30 kbp bigger than the VACV genome, CPXV is the biggest poxvirus. It is able to replicate in the cytoplasm
and encodes its own DNA replication and transcription machinery, eliminating the possibility of integration into the host
genome. Similar to VACV, CPXV develops in vitro in monkey cells[63]. Because of their sequence similarity to cellular
immunity proteins, several viral proteins have been implicated in immune response modulation[64].According to some
theories, CPXV is the oldest and most similar to the common ancestor virus since it has the biggest genome, which
includes numerous ORFs shared by other OPXV in addition to some unique ORFs.The immune evasion proteins that
CPXYV encodes are highly numerous and jointly target a broad spectrum of anti-viral host responses[ 88].

Complement evasion: Upon encountering an invasive pathogen, the innate immune system's initial response is
complementing activation. Utilizing a sophisticated series of proteolytic cleavages of over thirty plasma and cell
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membrane proteins, the complement system triggers an inflammatory response, phagocyte and neutrophil chemotaxis,
neutralisation of the pathogen and subsequent opsonization, and destruction of the infected cells [ 89, 90].Poxviruses,
like other enveloped viruses, evade complement system activation by using host complement regulatory proteins [91-
93].Inflammation modulatory protein (IMP), the complement regulatory protein of CPXV, bears a striking resemblance
to its orthologs in OPXV. It has been demonstrated that these proteins bind to C3 and C4 and function as a cofactor for
factor I, a host complement control protein that cleaves and inactivates C3b and C4b, to block both conventional and
alternative pathways [64].

Inhibition of TNF-induced responses:CPXV and other OPXV block TNF-mediated reactions at multiple points in
time: they stop NFkB activation to stop TNF from being expressed in the first place; they obstruct TNF and LT-a to stop
TNF-signal transduction; and they block caspase-8 and granzyme B to stop the induction of apoptosis in infected cells
[64]. A shared homolog of VACV KI1L to all OPXYV and the pathogenic OPXV-expressed CP77 and CPXV 006 are the
three NFkB-inhibiting proteins that CPXV encodes[94]. VACV and kindred poxviruses were also shown to have CPXV
cytokine response modifier A (CrmA), the first poxviral caspase inhibitor identified [95].Serpins, also known as SPI, are
a subfamily of serine protease inhibitors, and CrmA proteins are believed to function as suicide substrates. CPHXV In
comparison to its orthologs, CrmA is the most powerful inhibitor. It effectively inhibits both granzyme B and caspase-
8, protecting infected cells against TNF-induced apoptosis and T-cell-mediated cytotoxicity. Further evidence that CrmA
is involved in the downregulation of cytokine signalling comes from the observation that it inhibits caspase-1, which is
necessary for the proteolytic maturation of IL-1b and IL-18 [64].

Blockade of interferon response: To combat the interferon response, CPXV and other OPXVs employ a variety of
tactics. To stop the interferon response from starting, they sequester d RNA, obstruct PKR signaling, express decoy
receptors for type I and II IFNs, and produce the interferon-induced cytokines IL-18 and IL-1b [64-65].

Suppression of cytokine signaling: Though they have nothing in common with the cellular receptor, CPXV and ECTV
have been shown to selectively bind to IL-1b, inhibiting its interaction with the receptor and halting the growth of B-
and T-cells. A specific subfamily of D. Alzhanova, K. Fru"h / Microbes and Infection 12 (2010) 900e909 905
chemokines, CC-chemokines that have been demonstrated to attract macrophages and T-cells, is selectively bound to
and suppressed by viral chemokine inhibitor (vCCI), which is produced by all OPXVs [64].

Inhibition of NK cell activation: The protein known as OPXV MHC I-like protein (OMCP) is secreted and is encoded
by CPXV and MPXV. The OMCP protein was also demonstrated to bind to mouse and human NKG2D receptors with
a high degree of affinity.According to Campbell (2007), OMPC decreased NK cell-mediated cytotoxicity by
competitively blocking NKG2D's interaction with cellular ligands. CPXV and MPXV's production of an NKG2D
inhibitory ligand appears to be a less selective and more beneficial tactic than herpesviruses' downregulation of cellular
NKG2D ligands, given that NKG2D is crucial for the activation of both NK and T-cells. The immunoglobulin receptor
translocation associated protein 2 (IRTA?2), also known as FcR-like 5 (FCRLY), is a novel cellular receptor for OMPC
that has been recently identified [66].

T-cell evasion by downregulation of MHC I expression: The expression of MHC I on the cell surface is impeded by
CPXYV infection, and this is identically related with the attenuation of CD8p T-cell activation by the infected Ag-
presenting cells [67]. CPXV has evolved mechanisms involving two distinct ORFs (Open Reading Frames), 203 and
BR-012, to interfere with MHC I expression in both mouse and human hosts [68, 69].The regulation of intracellular
infections, especially viral infection, is significantly aided by CD8E T-cell-mediated responses. When a T-cell receptor
identifies an antigen (Ag)-derived peptide presented by MHC I, T-cells that have scanned MHC I complexes on the cell
surface get activated.

Otherimmunomodulating proteins: More CPXV-encoded proteins with potential immunomodulatory roles that are
still unknown include orthologs of VACV growth factor (VGF), a secreted homolog of epidermal growth factor that
stimulates cell proliferation in quiescent states necessary for effective virus replication; 3b-hydroxysteroid
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dehydrogenase, a steroid hormone and virulence factor; and a homolog of semaphorins, a homolog of cellular regulatory
proteins that are likely to be involved in mediating an inflammatory response[70].

HISTOPATHOLOGY

According to the specimens under investigation, the epidermis had extensive intracellular and intercellular edema and
intense dermal polymorphnuclear leukocytic infiltration encroaching on the epithelium [71].Full-thickness necrosis of
the skin was shown by histopathology. Electron microscopy identified brick-shaped orthopoxvirus particles, and a
quantitative real-time PCR test for the cowpox virus's haemagglutinin gene yielded a positive result, confirming the
diagnosis of human cowpox. Direct DNA sequencing was used to determine the identity of the strain AT Styria/84/09
(Genbank accession number FJ7692784) by sequence analysis. The specimen is closely linked to a cowpox virus that
was isolated from domestic cats in Austria [39].

DIAGNOSIS

Real-time PCR and skin biopsies verified the diagnosis of cowpox (CPXV) infection.[41]An antigen-capture ELISA, a
competition test, or a plaque reduction test can be used to identify OPV-specific antibodies in sera[60]. It is necessary to
evaluate positive serological results whileconsideringprior smallpox immunizations. Histological sections of cutaneous
specimens have been utilized to retrospectively diagnose CPXV infections by the usage of ATI bodies[72]. One of the
most frequently produced late proteins, measuring 160 kDa, makes up ATI bodies together with additional components
(such structural protein P4c) that promote the incorporation of mature virions [73].Conventional methods for identifying
CPXYV in bioptates or swabs include electron microscopy and propagation on suitable cell cultures. For the purpose of
differentiating OPVs to the species or strain level, PCR assays that target various genes (such as the hemagglutinin gene,
ATI gene, crmB gene, random amplified polymorphic DNA analysis (RAPD) of genomic DNA, Southern blot and dot-
blot assays) have been utilized [74-79].

TREATMENT AND PREVENTION

Local and systemic treatment schemes are used to avoid bacterial hyperinfection of the skin lesions, especially in
immunocompromised individuals and those with a history of eczema, as there is currently no formal therapy for this
condition[80]. In several instances, lesions were surgically removed as a result of delayed diagnosis[81-83].Nonetheless,
one clinical instance of cowpox was documented with the off-label use of cidofovir. When consequences from the
cowpox infection are evident, cidofovir, a nucleotide analogue with significant side effects, is given. It has been
effectively studied in vitro[84]. Viral egress from infected cells is inhibited by ST-246, an oral medication.Novel
candidates for illness treatment include the new agent ST-247[85, 86].After receiving intravenous therapy for two weeks
with a combination of piperacillin and tazobactam together with clindamycin and doxycycline, the nodule became visible
but continued, necessitating a full necrectomy[39]. Chlorhexidine washings, fusidic acid-containing wound dressings,
intravenous dicloxacillin, and isolation rooms are advised, especially for eczematic patients[8]. Amoxicillin and
clavulanic acid were used orally to treat the staphylococcal superinfection. Within a week, the surrounding erythema
went away, and the CRP level dropped to 7.6 mg/1, although some fluid continued to leak from the ulcer[3]. The FDA-
approved drug mitoxantrone was previously found to exhibit antiviral action against the vaccinia virus. Mitoxantrone is
used to treat cancer and multiple sclerosis. Mitoxantrone's EC50 values against cowpox and monkeypox were 0.25 IM
and 0.8 IM, correspondingly. The survival rate and duration of C57Bl/6 mice infected with the cowpox virus improved
to 25% and substantially when they received 0.5 mg/kg of mitoxantrone intraperitoneally. In vitro tests demonstrated a
substantial simultaneous effect of both drugs on cowpox, but not on animal survival or the median time to death in
BALB/c mice infected by the nose. Significantly fewer mice survived when given 100 mg/kg of cidofovir alone as
opposed to 0.5 mg/kg of mitoxantrone[87]. Plastic surgery may be required to prevent significant aesthetic repercussions.
FUTURE PROSPECTIVE AND CONCLUSION

Cowpox is an emerging human zoonotic hazard that raises concerns for public health as well as the development and
introduction of an effective vaccine and antiviral agent. These concerns are prompted by the growing number of reports
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of human cowpox infection, the expanding animal host range, the decline in immunity, and the limited availability of

antiviral agents.

In summary, the current investigation has shown that CPXV is polyphyletic and that isolates from it exhibit a significant

degree of genetic variation. Moreover, our results verified that CPXV was a polyphyletic collection of many species

rather than a single species. In order to completely remove this fatal illness and prevent its recurrence in the future,

several actions must be followed. Public knowledge of the disease's epidemiology and transmission is essential for this

goal. The diagnosis of cowpox infection can be made by isolation and identification, which calls for the use of biosafety

protocols, serological tests such as ELISA, electron microscopy, and nucleic acid detection techniques like as RT-PCR

and real-time RT-PCR. The gaps in the study, including the range and frequency of results in All of these will eventually

aid in the development of novel vector control products, highly effective medicines, and potent vaccinations for human

protection. Under these circumstances, we must act quickly.
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